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Abstract. The article is a brief overview of the results of the current stage of
study of the dynamics of infectious processes in the modern urban environment
in Protvino (Russia) with the help of 3D-model of the town, made in the paradigm
of the Digital Earth. Data for the period 2011-2016 (38791 events) were used.
Spatial and temporal resolution “building-day” was achieved. It is demonstrated
that infectious diseases rates even in neighboring buildings can vary significantly
from one to another. The presence of buildings with both significantly higher and
significantly lower rates of infectious diseases is shown. Such significant discrep-
ancies between rates are difficult to explain by local ecological factors like air
and water pollutions because of the generalized nature of their impact on such a
small area. The example of the global dynamics of COVID-19 demonstrates the
need to study both specific and non-specific factors for the local epidemic pro-
cess. Prospectives of the future researches are discussed briefly.
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1 Introduction

The comprehensive study of the development of infectious processes in modern urban
environment is highly urgent, which is clearly demonstrated by the pandemic COVID-
19 [1]. In addition to practical relevance, this area of work also has an undoubted fun-
damental importance, as it provides an opportunity to obtain new knowledge about the
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nature of the infectious diseases and other social processes based on analysis of empir-
ical material. At the same time, the solution of this problem is hindered by serious
methodological challenges.

High population density and its volatility in a modern city essentially impacts the
distribution and the dynamics of infections, and considerable change of living condi-
tions in combination with deterioration of the environment and deep changes of the
ecology, high psycho-emotional loadings, deformation of habitual rhythm of life and
other factors complicates this problem even more. In the absence of satisfactory theo-
retical models describing social processes in general and the development of epidemics
in particular, understanding the situation by the means of empirical data plays a special
role. However, numerous problems also arise.

In general, we could assume that the recording of infectious diseases in a modern
city is organized with sufficient efficiency and accuracy. At the same time, perception
of the spatial and temporal aspect of these data is complicated by the lack of a context
in which it can be aggregated, stored and processed.

As a rule, the information about diseases is represented mainly in the form of tem-
porally organized lists. Extracting spatial data from it is a rather complicated procedure
due to lack of the sufficient geospatial context. In addition, residential areas of modern
cities include multi-stores buildings, and the representation of data on the development
of infectious processes in them requires the availability of high-quality and usable
three-dimensional models of that buildings, which are very rare at present. We can say
that the problem of studying epidemic processes in the modern urban environment re-
quires the seamlessly integrated three-dimensional information environments that al-
low visual perception with very high spatial and temporal resolutions and within rich
and updated geospatial context.

This problem is quite obvious and has been understood for a long time, and the spa-
tial and temporal approach is widely used in the study of infectious processes [2]. As
early as the 19th century, John Snow convincingly demonstrated the effectiveness of
spatial analysis of infectious processes using a geoinformation system based on a large-
scale map when studying the cholera epidemic in London in 1854. [3]. However, this
kind of analysis is usually provided ad hoc in emergency situations of the outbreaks of
dangerous infections. Systematic analysis of infectious and social processes in general
with high spatial and temporal resolution is still a complex and largely unsolved task.
This, in turn, generates significant methodological difficulties in the study of infectious
processes leading to deep systematic errors.

1. There is no regular detailed spatio-temporal studies of the processes of infection de-
velopment in the urban environment in all its diversity. The extreme complexities of
such studies leads to the fact that there is a threshold when modern methods of spatial
research begin to be involved, that leads to biased vision of the process.

2. Lack of basis for such modeling — high-precision models of the urban environment,
allowing analysis with a reasonable and technically achievable level of spatial and
temporal resolution. This leads to significant data generalization and, as a result, to
systematic data distortions.
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3. An important factor of possible systematic errors in perception of the situation is the
inability to integrate spatial data in the mapping environment without deterioration
of data. Even in the presence of highly accurate data for cities and territories their
integration by cartographic means is impossible without generalization with irre-
versible loss of initial accuracy of raw data. This makes impossible studying phe-
nomena beyond the classical model of the social processes — for example, fractal
relationships, correlations in space and time and synchronous effects, etc. In fact, the
cartographic approach fits well to current model of infection that developed through
locally acting material agents - viruses or bacteria - but complicates the comparative
analysis of alternative models.

4. Fourth, combining raw data with cartographic context makes it difficult to study the
dependence of the medical and environmental situations on factors like terrain. Gen-
eralization of the data about the medical and social environment is methodically
questionable and excludes the possibility of studying processes characterized by
high variability of space-time parameters.

5. Fifth, the impossibility or complexity of seamless integration of spatial data without
loss of accuracy complicates the formation of generalizing sets of empirical materi-
als necessary to study a complex social phenomenon.

In fact, the resolution of registration of infectious diseases already achieved in urban
conditions is "apartment - day". However, this information is accumulated in the form
of lists; its projection into a geospatial context using a cartographic approach is signif-
icantly complicated, time-consuming, and makes the seamless integration of data from
different cities and territories impossible. It is the visualization and spatial and temporal
analysis of already available data that becomes a "narrow neck™ on the way to system-
atic study of already accumulated empirical material. Resolution of these issues re-
quires a critical analysis of existing methodological tools and approaches to the visual-
ization of infectious, as well as social in general, processes with the highest possible
spatial and temporal resolution.

2 Methodology

2.1  Methodology of data aggregation and visualization

Qualitative transformation of geospatial methods at the turn of the XXI century raised
the question of the need to create a typology of methods of geospatial imaging and
allowed to distinguish four main types: 1) maps (and cartographic GIS), 2) atlases and
geoportals of Google.Maps class, 3) globes, 4) Digital Earth. The ability to support
different viewing angles of the object and its distances can be used as a classification
criterion. They, in turn, may be shown with the help of diagrams "angle - range” [4].
Only Digital Earth as a special method of geospatial visualization supports visualization
from any possible angle (4n geometry) and from any possible distance.

Even in Google Earth — first online service, in which Digital Earth paradigm was
implemented (Google Earth, 2005 [5]), this functionality was implemented in full, and
the choice of scale was limited only by the spatial resolution of available at the time of
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remote sensing data and could be estimated in eight orders of magnitude, which obvi-
ously overlapped the whole range of actual cartographic scales. The requirement of
multiscale representation, which was laid down in the Digital Earth concept initially
[6], was overcome - instead of a discrete set of several scales whole ranges of scales
and sights of view were supported, which radically expanded heuristic possibilities of
the system [7]. Accurate and global analysis unconfined to scale and projection could
be possible only within the Digital Earth paradigm.

2.2 Methodology of analysis

In the situation of incompleteness of existing models of biological and social processes,
the role of visual analytics as a means of primary analysis of raw data preceding the
choice of a theoretical model is especially significant. Therefore, it is important to
choose the dominant methodological approach for describing the dynamics of infec-
tious processes. As such, it makes sense to choose a combination of searching for both
specific and non-specific features of their spatial and temporal dynamics.

It is natural for the analysis of processes in an urban environment to search for spe-
cific features to a given spatial extent and time horizon. However, the urban environ-
ment is not a closed system - the city interacts with the planet as a whole through in-
tensive economic activity and exchange of goods, regular migration, information ex-
change, tourism, etc. The environmental factor that affects the processes in the city,
also can not be considered as deliberately local. The development of transport and tour-
ism makes possible the rapid spread of viruses and bacteria throughout the planet.

Therefore, it seems reasonable and desirable to analyze information about infectious
processes in the urban environment not to consider the city as a system deliberately
isolated from the rest of the world and, therefore, to take into account the non-specific
features of the processes under study.

The effectiveness of the methodology for studying non-specific features of processes
was clearly demonstrated when Hans Selje discovered and studied adaptation syndrome
(stress) [8]. This fruitful approach can also be applied to the study of spatial and tem-
poral dynamics of infectious processes and environment.

3 Research

As the object of study was chosen Protvino. It is a relatively small and young (60 years
old) town with the population of about 35 thousand people and an area of about 27
square kilometers, located in the forest area of Serpukhovsky district of Moscow region,
100 km south of Moscow, on the bank of Protva river. Protvino is a well-known scien-
tific center of high energy physics.

The choice was dictated by a number of circumstances:

e The compactness and the stability of the town. The relative remoteness from Mos-
cow, the absence of a railway station in the town reduce the impact of migration,
which complicate the long-term analysis of social processes.
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High quality and homogenity of the town infrastructure. Protvino is a relatively
young town with residential buildings from a few projects. There are no spatially
isolated and the deprived areas in the town.

The environmental situation in the town is relatively favorable. There are no hazard-
ous industries in the town. Protvino is located in the forest, air is clean. Roads are
relatively good. Water and energy supplies are in good conditions. Removal of do-
mestic wastes is well organized. 3D-model of Protvino was made in 2007

3.1  Protvino 3D-model

Three-dimensional model of Protvino was created in the paradigm of the Digital Earth.
It succeeds to map and model of the town, created since 2001 by the means of GIS on
the base of erected polygons. With the appearance of Google Earth service in 2005, the
town-wide model was created in the KML format and became the first open city model
in Russia in 2007 (Fig. 1).

Fig. 1. 3D-model of the residential area of the Protvino, Russia, immersed in the Google
Earth geospatial context.

From 2008 until the termination of Google Earth API in 2017, the model was also
available online at Vprotvino.ru [9]. The Protvino model was developed in the follow-
ing directions:

1.
2. update of information on buildings and structures;

3.

4. creating the heterogeneous dataset consists of different information (road network,

expansion of the extent (inclusion of new territories);
model refinement using remote sensing data;

business infrastructure, points of interests, etc.);

. providing the photovisual models of the buildings;
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6. providing spheric panoramas (like Google’s Street View);
7. using model for the case studies.

Fig. 2. (a- d). (Left to right, up to down,). Different stages of developing of Protvino model: a)
2D- model Protvino (2001-2004); b) 3D GIS of Protvino (2004-2005); c) Simple Digital Earth
Protvino model (2005-2008); d) Digital Earth Protvino model with rich photovisualization of

the buildings (2014-2020).

To create 3D models SketchUp was used, as well as open data - photos of buildings
and structures taken by ordinary household cameras, and geospatial context provided
by Google Earth. With this approach, it is possible to provide high performance and
relative accuracy of restoration of the geometry of the models up to a few percents, as
well as assures their excellent visual recognition and high accuracy of their positioning
in an urban terrain (about few meters). In the first stage of the work, photographs were
used to restore the geometry of buildings and their localization, and later photographs
were used for photovisualization as well.

At present (2020) the model covers the entire main residential part of the town near
2.5x1.5 km and is periodically updated as new buildings and structures appear. Pho-
tovisualization of the models provides the context for accurate localization of social
events (especially those registered outside the buildings and structures), as well as ef-
fective perception of visual information. At present, about 40% of buildings and struc-
tures in the residential area of the town are photovisualized (Fig. 2, 3) [10].
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High quality and intentionally coarsened 3D-models
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Fig. 3. (a, b). (Left to right) Photo-visualization of the 3D-models. a) Normal quality (fore-
ground), coarsened quality (background), and b) intentionally coarsened buildings.

3.2 Spatially specified medical and ecological data

The aim of the ongoing research is a comprehensive study of the social situation in the
town and, above all, its medical and environmental aspect with the highest possible
spatial and temporal resolution through the widespread use of scientific visualization
[11].

The ultimate goal of the present stage is to collect empirical data and achieve spatial-
temporal resolution of the "apartment- a-day". At present, the resolution of a "residen-
tial house-a-day" is achieved.

The data set on infectious diseases in Protvino for the five-year period (2011 - 2016)
- atotal of 3791 records with registered location (Fig. 4) —is used in the study. Different
approaches were used for visualizing the data: cartographic visualization by the means
of vector layers, density maps ("heat maps"), direct 3D- and 4D-visualization, etc. In
this study density maps (Fig. 6) were compiled in QGIS software.

For preliminary assessment of the environmental factor the data of social and hy-
gienic monitoring were used — content of carbon monoxide, sulfur dioxide, aerosol par-
ticles, nitrogen dioxide in the atmosphere, gamma radiation levels observed in 2010
(Fig. 5). The data were presented online on the site of the Protvino 3D model and sup-
plemented with a layer of data on unauthorized garbage dumps identified in the sur-
rounding Protvino forests. There are no significant variations of the parameters in the
residential area of the Protvino due to its small area and lack of local sources of the
pollution.
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Fig. 5. Web visualization of ecological data in the 3D-model of Protvino.
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The visual analysis of the data with the help of scalar density representation (Fig. 6, a-
d) unveils that some of the residential buildings in the Protvino residential zone char-
acterized by abnormally high levels of infectious diseases, which clearly distinguish
them from neighboring buildings. Also there is a residential area consists of three sep-
arate buildings of about 2.5 thousand residents (near 7% of the city population) with
unexpectedly low levels of infectious diseases (Fig. 7 a, b). Variations in infection rates
in Protvino are characterized by the high level of variability in indicators even for
neighboring buildings, which makes it difficult to explain the spatial dynamics ob-
served as a result of the impact of generalized environmental factors — like pollution of

air, for example.
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Fig. 6. (a - d). (Left to right, up to down). a) Population density of Protvino. b) Specified dis-
eases density in Protvino. ¢) Diseases density in Protvino. d) Disease #38 density in Protvino.

Therefore, the high heuristic potential of spatial data and the possibility of using them
to develop a model for describing the process and forming a context is also demon-

strated.

3.3

Spatially non-specified medical and ecological data

The difficulty in explaining the observed intense dynamics of infectious diseases in a
small modern town with variations of specific environmental factors makes it natural
to set the opposite task - to analyze non-specific global and regional factors for a given
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area. An excellent basis for such an analysis were provided by the COVID-19 pan-
demic, which allowed collecting a significant relevant data set on the development of a
global infectious process with high spatial and temporal resolution [12, 13].
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Fig. 7. (a, b). (Left to right). Specified density of infectious diseases, most healthy and most
affected residential buildings, represented a) in the space, and b) on the histogram.

Analysis shows that the global temporal dynamics of the pandemic over a long period
(17 weeks) were characterized by monotony, stability and an overall exponential in-
crease in the number of new cases, overlaid with clearly distinguishable weekly varia-
tions (Fig. 7a). At the same time, within the same period in the U.S., which was the
main contributor to the cases and gave up to half of the total daily statistics, there was
at least a twofold change of trends to the opposite ones (steady decline - rapid growth -
steady decline), due to the internal specifics of the process development and changing
of local rules and countermeasures (Fig. 7b). The same striking difference bet ween
rapidly changed local trends and sustainable global trend is observed in other countries
that make a major contribution to the statistics of COVID-19 pandemic.

80000

COVID-19 USA dynamics,
Apr-Jul 2020

COVID-19 World dynamics,
Apr-Jul 2020

70000

:5:: !

172020.04-292020-0611.2020-06-232020-06-04 2020-06-16 2020-06-282020.07-102020-07-22

g

Fig. 4. (a, b). (Left to right). a) COVID-19 World dynamics, April-July 2020. b) COVID-19
USA dynamics, April-July 2020.

Surprisingly, such significant changes did not affect the overall global dynamics of the
epidemic, as they were compensated by simultaneous, but oppositely oriented changes
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in the dynamics of the process in all other territories. This allows us to conclude that
the dynamics of a given pandemic do not consist of isolated process development re-
sults in different countries under the influence of local factors, but are regulated by the
global factor and if the process dynamics in a certain territory is affected, it is compen-
sated by the opposite influence in other territories of the globe.

This conclusion means that the development of the epidemic process in the local area
will be determined not only by a set of local factors — both medical and ecological. It
also regulated by the global factor that support the sustained global trend. This, in turn,
means that the study of correlations between the development of epidemic processes in
different regions of the Globe and at different scales, which re-quires the creation of
models in the paradigm of the Digital Earth, is highly desirable.

4 Conclusions

Due to a combination of factors, the interpretation of the results of monitoring of the
infection dynamics and ecological factors in the urban environment requires critical
considerations. The main problem is relevance and integrity of source data, and lack of
the data at all. The absence of theoretical models for the development of social and, in
particular, epidemic processes complicates their interpretation, and the intermediate
spatial and temporal resolution achieved so far further limits the heuristic potential of
already available materials. In particular, it will be necessary to analyze the develop-
ment of infections in multistory buildings and study the temporal aspect of the dynam-
ics of infectious diseases.

Due to the need to take into account both specific and non-specific factors in the
development of infectious processes, seamless integration of data for different areas
becomes a mandatory methodological condition of research. Support for inter-scale to-
pology becomes necessary. This requires the use of the Digital Earth as a platform for
research on infectious processes.

The problem of data privacy will be a significant problem in achieving “apart-
ment/day” resolution, as direct visualization allows the clearly recognizable association
of any event with a specific apartment and/or house in the visual context. Ensuring the
effective use and high precision visualization of information with the protection of per-
sonal data and while maintaining its heuristic potential will be a separate challenge for
the next phase of the research [14].

On the other hand, even the available data with the use of effective methods and
approaches can significantly expand our understanding of the development of epidemic
processes in urban environments in general and in a particular locality. We can already
state that such dynamics is characterized by significant spatial gradients and can hardly
be explained by the hypothesis of the impact of any environmental factors deliberately
generalized in space - for example, the content of impurities and gases in the air or the
quality of water pipes. On the contrary, the analysis of non-specific features of global
epidemics allows us to speak about the existence of a global factor that determines the
development of the epidemic in individual territories.
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