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Abstract

Larger cities do not amplify the COVID-19 pandemic in Turkey. Reports from Turkish
cities provide evidence that the Gibrat’s Law holds and the infection grows among
population in proportion to the city sizes. Growth of the pandemic is not faster in
larger cities. COVID-19 cases are lognormally distributed throughout the country.
While the 0-19 age group of the society is associated with a negative impact on the
reported cases, 40-59 group has the most additive effect. Distribution of the reported
deaths from COVID-19 does not grow in proportion to the city size, and may well be
approximated by both exponential and normal distributions.

Keywords: COVID-19, Gibrat's law, law of the proportionate effect, city size

distribution.
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Oz

Daha biiyitk olan sehirler Tiirkiye'de COVID-19 pandemisinin etkisini
artirmamaktadir. Tiirkiye'deki sehirler tizerine yapilan calismaya gore Gibrat Yasast
gecerlidir ve salgin bireyler arasinda sehrin buytklugiiyle orantili olarak
yayilmaktadir. Pandeminin yayilma hizi sehir biiytikliigiiyle birlikte artmamaktadir.
COVID-19 vakalar: iilkede log-normal dagilim gostermektedir. Sehirlerdeki 0-19 yas

araligindakilerin niifusa oram raporlanan vaka sayilar1 tizerine negatif etkiye

sahipken, 40-59 yas grubu en fazla pozitif etkiye sahiptir. COVID-19 kaynakl
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olimlerin dagilimi da sehir biiytikliigiiyle orantili olup tistel ve normal dagilimlarla

temsil edilebilmektedir.

Anahtar Kelimeler: COVID-19, Gibrat yasasi, orantili etki yasasi, sehir biiytikliik

dagilimi.

JEL Kodu: R11; D39; C21; I19.

1. Introduction

The novel coronavirus pandemic (COVID-19) is the most acute
issue to be tackled by all scientists in all related disciplines. The world
has suspended most of the earthly activities involving contact with
another human being. Therefore, the situation at hand surpasses
medical solutions and demands also the understanding of statistical
approaches. There has been a large number of preprints/publications
made available already, regarding the modeling of the spread of
COVID-19. This paper aims to contribute to the demographic and
statistical analysis of COVID-19, investigating the scaling laws which
may relate to the observed cases and deaths in Turkey.

Since the pioneering work of Bernoulli (1760) mathematical
modeling of epidemics has evolved around two main pillars. The first
strand in the literature is about temporal investigations of certain
perimeters and the second is spatial modeling the spread of infections.
COVID-19 is not an exemption (e.g. Barlow and Weinstein, 2020; Lu et
al., 2020; Peng et al., 2020 for the former, and Zhang et al., 2020; Blasius,
2020 for the latter). Moreover, there are spatiotemporal models which
combine both approaches (Bekiros and Kouloumpou, 2020). A
thorough review of recent literature on COVID-19 can be found in Park
et al., (2020).

Understanding the behavior of social and biological systems, such
as infected individuals and spread of a virus, involves specifying the
scaling laws. Size dependence of growth and properties of size
distributions are widely examined relationships in variety of
disciplines, i.e. photosynthesis, atomic particles, cities and firms being
among the most popular. The pre-COVID-19 literature on the city size
aspect of pandemics is of limited supply. Eggo et al, (2011)
investigated the spatial properties of 1918 pandemic influenza for
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England, Wales and the US. They provide a detailed and complex
analysis including power law relationship between infectivity and
mortality, transmission trees and connectivity models. It was shown
that spatial structures of the countries are important, and the
susceptibility of cities increases slowly with their population. They
conclude as stating that analysis under contemporary human mobility
rates might differ. Wood et al.,, (2007) assert that infection speed
increases (unaffected) if originating city is smaller (larger) for the 2003
SARS pandemic. It was also shown for 1918 pandemic influenza that
reproductive number R is not correlated with city size (Davis and
Lippin, 1923).

Stylized facts and scaling laws have been important tools in
economic theory starting as early as Pareto (1897). The idea has been
developed slowly in the field of economics and related sciences, e.g.
Gibrat (1931), Zipf (1949) and Simon and Bonini (1958). In the last few
decades, scaling has also been increasingly popular among researchers
from biology (see Prothero (1986) and West, Brown and Enquist (2000)
for a literature survey). Early literature on the scaling laws related to
COVID-19 statistics yields mixed results. Preliminary findings of
Heroy (2020) indicates that US county-level data does not show
relation between city sizes and exponential growth rate of COVID-19,
but the exponential spread may start earlier in larger cities. Blasius
(2020) reports a truncated power-law distribution of COVID-19 cases
and deaths in both global and US counties, assuming an exponential
growth of the variables. On the other hand, power-law relationship
between growth rate of COVID-19 and US city sizes have been
reported in Stier et al., (2020), indicating faster spread of the virus in
larger cities.

This paper investigates the daily infection and death statistics of all
cities in Turkey with a microeconomic perspective. The primary aim
of the analysis is to determine whether larger cities increase the spread
of the infection or not. It would be important to determine if the
contemporary lifestyle of the humankind in complex urban networks
posit extra vulnerability against pandemics. The importance of the
research question mandates that if such agglomerations of people were
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to increase the effects of deadly infections, future of the urbanization
might be re-designed with caution.

In this study, COVID-19 cases and death statistics are examined
using publicly available, but hard to collect and combine, city-level
pandemic data of Turkey. In the next section, the COVID-19 data of
Turkey is presented. In this regard, it also serves to the scientific
community by the presenting a genuine dataset. In the third section
ordinary least squares regressions using city sizes and age
categorizations are to be tabulated. In the fourth section, distributional
plots of COVID-19 in Turkey are to be depicted. Last section provides
conclusions and policy discussion.

2. Data

COVID-19 was originated in Wuhan, China during late December
2019, and classified as a pandemic on March 10, 2020 (WHO, n.d.).
Turkey had experienced a moderately later infection outbreak than
other highly populated nations. The first infection case in Turkey was
announced on March 10, 2020. By the time this work has been done,
the only data for Turkish cities is from April 1 and 3, 2020, a total of
two datasets for cases, and one dataset for COVID-19 related deaths
from April 3, 2020. The case data on April 1, 2020 is the only one
reported by the Turkish Ministry of Health (AA, n.d.) for convenience.
Case and death numbers on April 3, 2020 is not conveniently reported
but collected exclusively for this research, from several news agencies
and the Minister’s daily press-conferences. The robustness of these
data sets is a major concern for econometric analysis. The questions
about the data is to be addressed during the next sections, accordingly.
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Table 1: Summary of COVID-19 Data in Turkey by April 1 and April 3, 2020
and Population Statistics, Reporting Top 12 Cases of 81 Cities in Total.

April April Case per Death per
Case April 3
# City Population 1 3 100k 100k
Growth | Deaths
Cases | Cases Residents | Residents
1 Istanbul 15,519,267 8,852 12,231 | 38% 210 78.81 1.35
2 Izmir 4,367,251 853 1,105 30% 27 25.30 0.62
3 Ankara 5,639,076 712 860 21% 11 15.25 0.20
4 Konya 2,232,374 584 601 3% 11 26.92 0.49
5 Kocaeli 1,953,035 410 500 22% 14 25.60 0.72
6 Sakarya 1,029,650 207 337 63% 4 32.73 0.39
7 Isparta 444,914 268 289 8% 2 64.96 0.45
8 Bursa 3,056,120 135 259 92% 8 8.47 0.26
9 Adana 2,237,940 197 241 22% 4 10.77 0.18
10 | Zonguldak 596,053 112 197 76% 12 33.05 2.01
11 | Samsun 1,348,542 112 167 49% 4 12.38 0.30
12 | Kayseri 1,407,409 109 130 19% 4 9.24 0.28
12 | Subtotal 39,831,631 12,551 | 16,917 | 37% 311 28.62 0.60
81 | Total 83,154,997 14,681 | 19,576 | 33% 414 23.54 0.50

Source: AA (n.d.) and Author’s Collection

The data of this study covers all 81 cities in Turkey. To keep
tabulations manageable, Table 1 presents the diagnosis data for top 12
cities (from a total of 81), sorted by the first available date to emphasize
the heterogeneity of growth. The decision on the list of 12, rather than
conventional numbers such as top-10, is based on the fact that the list
remains full with the second reporting of the cases with a few changes
of rank. On the other hand, most of the cases and deaths have been
found in those cities. One can easily notice that the cities are not sorted
by their populations when it comes to the infected count. Growth of
the spread from April 1 to April 3, 2020 varies significantly among
cities. Data on observed deaths per 100,000 inhabitants reveals that
with 2.01 the city of Zonguldak has the highest death per inhabitants.
Isparta, alongside with Zonguldak, has more cases than some of the
largest cities in Turkey by April 1.
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Table 2: Age Distribution of the Population in Turkish Cities

# City 0-19 20-39 40-59 0-29 30-59 60+
1 Istanbul 29% 34% 26% 45% 44% 11%
2 Izmir 25% 31% 28% 39% 44% 17%
3 Ankara 28% 32% 27% 44% 43% 13%
4 Konya 32% 30% 24% 48% 38% 14%
5 Kocaeli 31% 33% 25% 46% 43% 11%
6 Sakarya 29% 31% 26% 45% 41% 14%
7 Isparta 26% 30% 25% 43% 39% 18%
8 Bursa 28% 31% 27% 43% 43% 14%
9 Adana 33% 30% 25% 47% 40% 13%
10 Zonguldak 24% 28% 29% 38% 43% 19%
11 Samsun 28% 29% 27% 42% 41% 17%
12 Kayseri 32% 30% 24% 47% 40% 13%
12 Subtotal 29% 31% 26% 44% 42% 14%
81 Total 31% 30% 24% 47% 38% 15%

Source: Turkish Statistical Institute (2020)

Research on COVID-19 shows that the demography of infected
groups maintains important information about infection spreading
and mortality rates (Dowd et al., 2020). Table 2 presents age groups’
share in top 12 city populations, categorized according to clinical
studies, e.g. (Wu et al., 2020). It can be seen that Turkey has a relatively
young population, and the chosen subgroup reflects a close picture of
the country. Above cited medical papers suggest, death rate is
expected to be higher among the age group of 60+. Since the data does
not cover the average age of infected individuals, high mortality cities
of Zonguldak and Istanbul does not fit to the picture. Zonguldak has
slightly higher elderly population, yet the deviation is not as striking
as its death rate. While being out of scope of this work, one explanation
of Zonguldak being exceptionally high death rate could be the effect
of concentrated coal mining activities and presence of 7 coal-powered
thermal power stations on the respiratory system of the locals which is
targeted by COVID-19 (Shi et al., 2020).
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3. Does the City Size Matter?

In order to understand a contemporary pandemic, it is important to
know its scaling properties. The Law of the Proportionate Effect, i.e.
Gibrat’s Law, states that unit (firms) growth is proportionate to
(independent of) its size (Gibrat, 1931).

The Law of The Proportionate Effect for the spread of COVID-19
can be formally stated as:

log(cases;) = a; + By log(pop;) + € €]

where cases and pop are COVID-19 cases observed in a city and its
population, respectively. If f = 1 then one can say that the distribution
of COVID-19 cases among Turkish cities is independent of the initial
size of the city. Alternatively, a robustness-challenge equation can be
stated as:

log(cases;) = a, + B3z log(pop;) + fi(ratio;) + €3 (2)

where ratio denotes shares of age groups among the population,
namely 0-19, 20-39, 40-59, 60+, 0-29 and 30-59. As an extension, death
statistics are also used in the regression for a more complete analysis.
log(deaths;) =y + p; log(pop:) + €, ©)

where deaths denote deceased COVID-19 patients in Turkey by
April 3,2020.
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Table 3: Estimation Results of Equations (1)-(3). Explanatory Variables Change
from Panels (a) to (g), and Various Brackets Differentiate Between the

Dependent Variables (denoted in the last row).

@ (b) © () (©) (®) ®

1.03** 1.10** 1.03** 0.99** 1.14% 1.05%* 0.93**
Population | (1.05**) (1.11%) (1.04%) | (1.01%*) | (1.17*%) | (1.07*%) (0.95**)

[0.72%] [0.80%] [0.69] [0.70**] | [0.86**] | [0.76**] [0.63**]

-5.55**
% of 0-19 (-5.60%*)
[-5.70%]
-4.50%*
% of 20-39 (-6.03)
[1.42]
8.99**
% of 40-59 (9.28*)
[8.72**]
7.35%
% of 60+ (7.62**)
[6.98%]
-4.32%*
% of 0-29 (-4.44*%)
[-4.33*]
8.38**
% of 30-59 (8.56**)
[8.32*]

0.45 0.53 0.46 0.52 0.51 0.53 0.52
R2 (0.51) (0.59) (0.52) (0.58) (0.57) (0.58) (0.58)

[0.41] [0.52] [0.41] [0.50] [0.48] [0.50] [0.50]
Dependent variables are denoted as follows : Cases by April 1, 2020, (Cases by April 3, 2020),
[Deaths by April 3, 2020]

Note: *95%, **99% statistical significance

Table 3 presents estimation results of Equations (1), (2) and (3). As
noted, results from the top line are from the first dataset of April 1,
2020. Parentheses on the second line denote the data reported on April
3, 2020 and brackets denote death statistics which were also reported
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on the same date. Percentages on the left side refer to the age groups
among the population of the cities. R2 is the coefficient of
determination.

Results from panel (a) states that COVID-19 cases observed in
Turkey are independent of the city sizes, with a coefficient close to “1”.
When this statement is challenged with demographics, and a second
data set it can be seen that the Law still holds, except for panel (b) and
(e). Both panels incorporate significant groups related to the novel
COVID-19 pandemic. 0-19 age group is reported to show almost no
symptoms and 60+ age group has been reported as the highest
vulnerability against the virus (Wu et al., 2020). Hence, the expected
intrinsic value of these variables is expected to be relatively high and
they affect the present query when addressed separately without
adequate theoretical and functional background. On the other hand,
20-39 age group returns statistically insignificant coefficients, as
expected building upon the previous assessment. Moreover, the share
of people 30+ years old in a city seems to be positively related to the
COVID-19 cases, while younger portions of the society are on the other
side.

Equation (3) also provides interesting results about deaths from
COVID-19 in Turkey. According to the Table 3, with a coefficient
smaller than 1, as the city size grows the death toll does not increase
proportionally. This fact lays constant among all the panels in Table

3)-
4. Distributional Properties

In order to support such regularities as presented in the previous
section, plotting the distribution and growth of COVID-19 cases
should be informative. If the Gibrat’s Law holds, spreading of the
COVID-19 among Turkish cities follows a random multiplicative
process, and expected to be distributed as lognormal. The probability
density function of the lognormal distribution can be stated as follows:

f()ﬁp{W} @
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where u is the mean and o is the standard deviation of observed
variable x.

Exponential distribution has been a primary consideration in the
literature of the epidemic growth and COVID-19 is no exception to that
(see Lee et al., 2020 and references therein). Therefore, one can test that
whether pandemic data in Turkey is better approximated with
exponential distribution rather than lognormal. The probability
density function of the exponential distribution is:

f)=e™" ()
Figure 1: PDFs of Cases by April 1 and 3, 2020, and Deaths by April 3, 2020 in
Turkish Cities
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Figure 1 depicts the distributions of infected individuals” data on
April 1 and April 3, along with the distribution of death of COVID-19
patients by the Turkish cities. Reference distribution lines have been
provided and estimated distributional parameters have been noted
below each panel. Panels (a) and (b) clearly indicates that the
distribution of COVID-19 cases can be approximated with the
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lognormal. In terms of the logarithm of the death data, both
exponential and normal distributions seem good fits.

Figure 2: Growth Plotting of COVID-19 Cases of Turkish Cities from April 1 to
April 3, 2020. Panel (b) is a closer look at the selected area of Panel (a), and
Panel (c) is the PDF.
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As a long-term regularity implied by the Gibrat's Law, the growth
rates are also expected to be distributed lognormally (Stanley et al.,
1996). Growth rate of the COVID-19 cases are plotted in Figure 2. Panel
(a) depicts the growth rate of the data. Panel (b) is only a closer look
into the boxed area in Panel (a) to improve visualization. The
horizontal regression line and the dispersed nature of the data are
important features to be expected from the findings of the previous
section. Panel (c) shows that the growth rate of COVID-19 cases in
Turkey from April 1 to April 3, 2020 is well approximated by a
lognormal distribution. This further strengthens the robustness of the
data and previous estimations on the Law of the Proportionate Effect.

5. Conclusions

Gibrat’s Law, i.e. the Law of the Proportionate Effect, has simple
but strong assumptions. If the regularity holds, it yields important
implications about the underlying mechanisms of complex
phenomena. In this study, it was shown that the COVID-19 cases
reported in Turkey grows in proportion to the city sizes. Logarithm of
the COVID-19 cases in Turkish cities follows a random walk. This fact
might be helpful for policymaking on whether to plan for smaller cities
to protect citizens from fast-track deadly infections, during the post-
COVID-19 era. It could favor the economic benefits of contemporary
large settlements against the claims that crowded cities would catalyze
the transmission of deadly pandemics.

Despite the reservations, the data is shown to be robust. The weight
of the younger population is negatively related with the COVID-19
cases in Turkey. On the other hand, it seems plausible to isolate 30-49
and 40-59 age groups in order to take the expansion under control.

Further studies after the pandemic ends may improve the model by
incorporating demographics of infected persons from a more complete
data set. Another study might be done to determine whether the
distribution of deaths from COVID-19 could be approximated by the
exponential distribution.
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