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Two-class structure of forbes global 2000 firms sales per employee
similar to countries income distributions including some
COVID-19 pandemic effects
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Sales per capita (per number of employees) of the two thousand Forbes Magazine top publicly-traded companies (G-2000) for years 2015
2020 and 2021 are statistically analyzed. Employing an econophysical model, the sales distributions per capita for the three years exhibit
a two-class structure: a Pareto power law in the higher part and exponential in the lower part resembling a Boltzmann-Gibbs distribution.
This distribution is consistent with income distributions around the world as if a fraction of a firms’ wealth goes to its employees in the form
of wages and salaries. We highlight some changes in sales between 2020 and 2021 on selected industries that had the biggest negative a
positive impacts partially due to the COVID-19 pandemic.

Keywords: Econophysics; Pareto distribution; pandemic; statistical physics.

DOI: https://doi.org/10.31349/RevMexFis.68.041402

1. Introduction At the firm level, the COVID-19 outbreak has affected
the stock market and the firm performance [10]. The world’s

On January the 30th 2020, the World Health Organization delargest firms are crucial units of production and accumulation
clared the outbreak of COVID-19 to be a Public Health Emer-f capital. Recall that a public company or publicly-traded
gency of International Concern [1]. This made government§Ompany is a company that offers its securities (like shares,
and nations impose certain measures to stop contagions BPnds, loans, among others) for sale to the general public.
the virus. Lockdowns, social distancing, travel restrictions,The current pandemic negatively impacted the sales and the
border shutdowns, orders to stay at home, and the use of fagéimber of employees of these companies [11]. Here we ana-
masks are some of the multiple actions that were applied if¥Z€ its impact on top publicly-traded firms.

the world [2].

The COVID-19 pandemic has constituted one of the mos?' TWO'ClaS_S _Sm_‘ICture: Exponential - and
important global phenomena in the past decades and itis st Pareto distributions

affecting most of the world. To date, it has been registeredrhe data was collected from the annually published list of
almost 5.5 million deaths and more than 300 million peopléxhe two thousand large big publicly traded corporations from
have been infected [3]. Moreover, this phenomenon has haggpes Magazine (G-2000) for the years 2015, 2020 and 2021
environmental impacts such as enhanced air and water qua[hz]_ The data was obtained from April 2019 to April 2020
ity in urban areas due to lockdowns, and shoreline pollutiortg, the year labeled as 2020 and from April 2020 to April
due to the disposal of sanitary consumables [4]. There havggo1 for the year labeled as 2021. We rank these compa-
also been negative social impacts such as mental health projpeg according to sales divided per the number of employees
lems due to isolation and uncertainties [5]. in each company to obtain a metric of the wealth per capita.
The COVID-19 pandemic has affected all economicThese databases could be expanded in the future.
sectors and has precipitated the worst global recession in It is useful to analyze the time evolution of the statistical
decades [6]. Moreover, due to the measures imposed worldesults over a period before the pandemic onset years 2020-
wide, certain economic sectors resulted more affected thaR021. At least, one year before the pandemic is a good start,
others: restrictions in mobility affected demand of oil andalthough itis desirable to analyze the Forbes dataset for more
gas and led to heavy losses in the industries of tourism angears. We chose the corresponding dataset of 2015, because
transportation [7]. Quarantine reduced the production anéh Ref. [13] we published some results of that year.
consumption of goods, affecting the financial industry [8].  The three graphs in Fig. 1 show the Complementary Cu-
The accelerated number of contagious at the start of the pamulative Distribution Functions (CCDF) of G-2000 for the
demic represented a big challenge for the health care servicgears 2015, 2020 and 2021. These panels exhibit two domin-
[9]. Nowadays, the pandemic still represents huge economiimns represented by almost straight lines in log-linear scales
challenges for some countries in the world. (insets) and log-log scales.
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« andg are adjustable parameters. Figure 1 also shows the
cut-off's value z,,;, for all three panels. The exponential
function was fitted belovz,,;,, while the Pareto distribution
was adjusted abovg,;,,. To determiner,,;,, a programming
code based on the work of J. Alstott [14,15] on power-law
distributions using the Kolmogorov-Smirnov test was imple-
mented. This function implements both the discrete and con-
tinuous maximum likelihood estimators for fitting the power-
law distribution to data, along with the goodness-of-fit based
approach to estimate the lower cut-off for the scaling region.
The fundamental idea behind this method is simple and in-
volves choosing the value af,,;, that makes the probability
distributions of the measured data and the best-fit power-law
model as similar as possible above this value. There are a
variety of measures for quantifying the distance between two
probability distributions, but for non-normal data the com-
monest and the one used in our code, is the Kolmogorov-
Smirnov statistics [14,15], which is simply the maximum dis-
tance between the cumulative distribution functions (CDF) of
the data and the fitted model:

D = maxO(z) — P(z)]. 3)

With O(x) the CDF of the data for the observations with
value at least:,;,, and P(z) is the CDF for the power-law
model that best fits the data in the region. Our minimum in-
come estimate is then the value of;, that minimizesD
[17].

Table | shows the adjustment parameters for the distribu-
tion of sales per capita for the three sets of G-2000 as well
as the corresponding squared pearson correlation coefficients
R2. In 2015, 50.9% of the companies followed an exponen-
tial behavior. However, this percentage increased with time
since in 2020 and 2021, 91.2% and 94.4% of the compa-
nies were well adjusted to the exponential function respec-
tively. This indicates that fewer and fewer companies are ad-
justed to the Pareto part over time. On the other hand, the
cut-off’s values increase from 448,735.01 USD in 2015 to
3,189,227.4 USD in 2021, meaning that in the span of six
years, it emerged a difference of thg;, value by almost a

FIGURE 1. CCDFs of G2000 for 2015, 2020 and 2021. Sizes are 'aCtor Of seven.
normalized by the number of employees (size per capita) for sales. ~ The parametes (or scaling parameter) of the Pareto dis-
Almost straight line curves in both log-linear scale (insets) and log- tribution decreases over time between the values of 2 and 1.69
log scale in the main panel illustrate approximate exponential andfor the three sets, while the parameteof the Boltzmann-
Pareto power laws, respectively. Cut-off's values,, are shown,  Gibbs distribution shows very small changes. The squared
as well as thev and/7 parameters and the percentage of enterprisespearson’s correlation coefficients are above 0.99 for all cases
for each part. except for the exponential distribution of the year 2015 for
which it is 0.978. The decrease in time of the slope scaling
parameter can be seen in Fig. 2. Larger values produce fatter
tails indicating more spread values in the high region of the
distribution. So our results indicate that there is a trend with
atime to have less spreading values of the sales per employee
Uistribution in the Pareto high region. This is an important
empirical result which deserves further research regarding its
causes.

The lower part of the distribution illustrates an exponen-
tial behavior analogous to the Boltzmann-Gibbs distribution

P(m) x e ™. 1)

On the other hand, the upper part resembles a power |
function (Pareto distribution)

P(m) xcm™, 2
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TABLE |. Adjustment parameters for the distribution of sales per capita of G-2000 2015, 2020 and 2021, as well as the corresponding squarec

pearson correlation coefficieni®.

Dataset Exponential Pareto
Tmin % of Companies 3 R? a R?
2015 $448,735.01 50.9% 1.75 x 107° 0.978 2.00 0.999
2020 $2,100,456.6 91.2% 1.79 x 1076 0.994 1.78 0.998
2021 $3,189,227.4 94.4% 1.79 x 1076 0.994 1.69 0.998
i Compa‘rison ofysales pe‘r capita ‘for 2015, 2020 &‘ 2021 i
'\ N TABLE II. Outliers with their corresponding percentage of compa-
: R — S D (R & 00w § nies and squared pearson correlation coefficiRhwith and with-
| \ N\ out outliers.
L% 100.0%} o o oan“ N k\.\: 10.0% E 1.0% ‘iEj
£ \ \ by ¢ £ Dataset  Outliers % Original R?
§  100% 2015 h ® & 10%  §101% §
SRS N sl 8 R? without outliers
g 1.0% \”N’ xx 0.1% g E
% I *, 3» % 2015 26 1.3% 0.9996 0.9997
01% P =, 2020 19 0.95% 0.9989 0.9996
102 10° 10¢ 10° 10° 10’ 10°¢ 10° 2021 10 0.5% 0.9989 0.9996

Log(Sales per employee in USD)

FIGURE 2. Comparison of G-2000 CCDFs for 2015, 2020 and IOC;'ZSC; tzzt\;grmﬁrehtriic;gtoﬁ?rs ;hger;‘r’;t:;;o{lvz‘i‘;m:‘s’_
2021. Sizes normalized by the number of employees (size perd_ hat th yrg del i 9- ith ti ’ h b
capita). Cut-off's values:,..,, are displayed. Y-axes in the right icates that the Pareto model improves with time. Then, ob-

were scrolled to appreciate differences. High-region straight linesViously the corresponding squared pearson correlation coeffi-

show perfect Pareto behavior. cientR? gets better when these outliers are removed as shown
in Table 1l. We list the corresponding outliers list in the Ap-
pendix.

The different cut-off’s values for 2015, 2020 and 2021  Table Il shows the total sales and the total number of em-
(Fig. 2) exhibit big changes. Between 2015 and 2021, ployees of the companies that were adjusted to the Pareto and
grows more than 7 times and between the years 2020 arekponential distribution for the three years. In all cases, the
2021 i, grows 50%. The growth rates in the years an-companies that were adjusted to the Pareto distribution have
alyzed indicate that the exponential model with conservafewer employees and fewer revenues over the course of the
tion of money becomes more predominant over the years agars. Between 2015 and 2020, the corresponding number of
shown in Table I, since more firms are included in the ex-employees dropped almost 20 times while sales dropped 4.65
ponential distribution. We believe that this behavior is thetimes. Between 2020 and 2021, there is a 3.5 times reduc-
result of an increasing globalized behavior of the top firmstion in the number of employees and sales were halved. On
with time since, according to the econophysics model wehe contrary, the exponential part doubled sales from 2015 to
will discuss here, the exponential distribution comes from a&2020 while the number of employees increased 14.59%; be-
money-conserved commerce model amongst agents (firms taween 2020 and 2021 a similar proportion in employees and
this case). sales was maintained.

TABLE IlI. Number of total employees and total sales, as well as their respective percentage for exponential and Pareto distributions.

Data set Exponential Pareto
Sales (USD) Employees Sales (USD) Employees
% Total % Total % Total % Total
2015 37.76% 1.4%10% 72.95% 6.6&107 62.24% 2.4%10'3 27.05% 2.4&107
2020 87.72% 3.7410'3 98.75% 9.75%107 12.27% 5.2 102 1.24% 1.2%10°
2021 94.39% 3.7510'3 99.63% 9.5& 10" 5.61% 2.2%10'2 0.36% 3.51 x 10°
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The domiciles of the employees in the G-2000 includefeatures found in individual countries and blocks [13], as
practically all countries in such a way that they form a kind shown in next section.
of global capillary system, so to account for the two-class
statistical distribution involving a fraction of employees all . .
over the world, one should relate employee income to the ped- Analogies between income and sales per
capita wealth of the company in a general overview. Now  capita distributions
we have to mention a sort of surprising result. The two-class
structure of sales employee (per capita) shown here is similahs for the econophysics literature, the distribution of income
to income distributions found in many countries, although a@ind wealth of individuals, households, and firms have been
first view firms per capita and income distributions are dif-studied extensively in recent years [18-21], highlighting a
ferent topics. We will see that this analogy can be explainedparticular feature of these distributions: a two-class structure.
imagining that a fraction of a firms’ wealth is Obviousiy dis- The lower part of the distribution is fitted with exponential-
tributed to its empioyees mostiy in the form of wages and”ke functions. Therefore, it is possible to make the analogy
salaries. It is interesting that despite this fraction can varyvith the exchange of energy among atoms and molecules in
greatly according to the characteristics of the company an@n ideal gas with the money that is distributed among individ-
the domicile of the employees, the data per employee or pefals or firms of the numerous businesses that occur daily in
capita gives the same general qualitative two-class incom#e economic system. In addition, the principle of conserva-

TABLE IV. Industries with their total number of G-2000 companies and corresponding percentage of companies.

Industry 2020 2021

Companies % Companies %
Aerospace & Defense 24 1.2 20 1
Banking 295 14.75 291 14.55
Business Services & Supplies 83 4.15 85 4.25
Capital Goods 57 2.85 61 3.05
Chemicals 56 2.8 64 3.2
Conglomerates 32 1.6 33 1.65
Construction 137 6.85 135 6.75
Consumer Durables 87 4.35 89 4.45
Diversified Financials 141 7.05 135 6.75
Drugs & Biotechnology 74 3.7 75 3.75
Food Markets 32 1.6 32 1.6
Food, Drink & Tobacco 79 3.95 83 4.15
Health Care Equipment & Services 46 2.3 51 2.55
Hotels, Restaurants & Leisure 23 1.15 22 1.1
Household & Personal Products 34 1.7 32 1.6
Insurance 114 5.7 114 5.7
IT Software & Services 70 3.5 82 4.1
Materials 89 4.45 97 4.85
Media 25 1.15 24 1.2
Oil & Gas Operations 100 5 84 4.2
Retailing 73 3.65 70 35
Semiconductors 32 1.6 33 1.65
Technology Hardware & Equipment 60 3 59 2.95
Telecommunications Services 50 25 53 2.65
Trading Companies 34 1.7 33 1.65
Transportation 72 3.6 61 3.05
Utilities 81 4.05 82 4.1
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tion of energy can be transposed to money, if it is considered oo Total employees per industry In 2020 and 2021
. v rking
exclusively at the local level and over sufficiently small pe- . et
. . . . . . onsumer Durables
riods, thus ruling out inflation and currency depreciation that Construction
. . . Technolegy Hardware & Equipment:
occur in the long term. This allows the use of thermodynamic Food, Drink & Tobacco |
. . . . 00! arkets -
tools and statistical mechanics for the study of economic sys- Transportation
Oil & Gas O ion
tems [22-24]. nsurance 1
[ ] . . . IT Software SI( Sser:mces e
On the other hand, the upper part is usually fitted with Materials |
. . . 2 Telecommunications Services -
Pareto power-law functions. Here, the principle of MONEY &  susiess services & suppies |
. . . E Hotels, Restaurants & Leisure
conservation is usually violated and there may be money cre- Diversified Financials {
. . H Capital Goods
ation through different and more complex mechanisms, such Conglomerates {
. . . . . . . Drugs & Biotechnology -
as investments, credits, financial derivatives, and the riSe Or  eai care equipment & Services J——
fall of the stock market. In this region, the Pareto distribution A el B o
is associated with non-linear phenomena and its parameter: e s
and characteristics are completely non-stationary and fluctu- e, 2021
H H Semiconductors === - 2070
atlng Over_tlme [25_27] . i 0.0 02 04 06 08 10
In particular, Soriano-Heandezet al. analyzed the dis- Total empiayees e

tribution of wealth per capita, for the two thousand most im-F 4. Total | i dustry in 2020 and 2021
portant companies in the world published by Forbes maga-IGURE - lotalemployees per industry in an '
zine (G-2000) for the year 2015, based on the metrics of . .
s, profs, asets, and ke vaive [13]. In e work 117, 50 v e i Rovsena e po o
the authors found that there is this two-class structure in thé ploy P y

wealth distributions per employee for the four metrics. years 2,020 and 2021.' . : L
As it can be seenin Fig. 3, the top industries in both years

) ) are Oil & Gas Operations and Banking. However, Oil & Gas
4. Industries and pandemic effects Operations had a 29.82 percent reduction in its aggregated
sales, moving from the leading position in 2020 to the second

To get some pandemic global effects, now we analyze som osition behind the Banking industry in 2021. On the other

changes between 2020 and 2021. Forbes classified com and, despite a 7.18 percent reduction in Banking sales, it

nies in 27 industries in these years. Table IV shows thisiS the industry with the most sales in 2021 with 362
classification for both years, the number of companies corre- )

sponding to each industry and the corresponding percentage In the period from 2020 to 2021, the industries with the

f ies. . . )
of companies biggest losses are Hotels, Restaurants & Leisure, Oil & Gas

The number of companies in each industry does not var . : .
significantly between both years. The most considerable Var?f_)peratlons, and Transportation. On the contrary, the industry

ations lay in Oil & Gas Operations with 16 fewer companiesOf Semiconductors had the biggest increase in sales, followed

from 2020 to 2021 and IT Software & Services with 12 moreby the industry of IT Software & Services and Retailing.
companies. Similarly, Transportation had 9 fewer companies _ _ .
and the industries of Chemicals and Materials had 8 moré-1. Change in sales of most affected industries by coun-

Companies‘ try in 2020 and 2021
016 s Oomrations Tatal sales per industry in 2020 and 2021 Given that there were industries that reported the highest or
i P ion
. ‘sankig lowest sales losses between 2020 and 2021, then we grouped
Insurance companies belonging to some industry by the country where
BT e — they are headquartered. Although most of the companies op-
rugs iotechnology - ————— . . . . . .
Diversiied Financials {mmmmm—— erate worldwide, this way of grouping firms can give an idea
Technology Hardware & Equipment - .
Materials — of how sales by country have changed in the most affected
Telecommunications Services - . .
Food, Drink & Tobacco - IndUStrIeS

Transportation

Utilities f

Trading Companies

Food Markets

Business Services & Supplies
IT Software & Services

Capital Goods -

Chemicals

Conglomerates

Health Care Equipment & Services
Aerospace & Defense
Household & Personal Products -
Media

Industry

4.1.1. Hotels, Restaurants & Leisure

This industry had a loss of 38.08% between 2020 and 2021.
In 2020 there were 6 top countries in this industry, includ-
ing the USA, UK, China, Canada, France, and Hong Kong.

iy = While in 2021 there are 7 countries: USA, UK, China, Ire-
0 1 2 3 3 5 land, Canada, Hong Kong, and Sweden. The territory Hong
foratsmes e Kong (labeled in Forbes as a country) had the biggest losses
FIGURE 3. Total sales per industry in 2020 and 2021. with a 71 percent reduction in its total sales. This is because
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lell Hotels, Restaurants & Leisure per country Hotels, Restaurants & Leisure per country (log scale)
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FIGURE 5. Hotels, Restaurants & Leisure industry grouped by country in linear (left) and log (right) vertical scales.

crbucke Hotels, Restaurants & Leisure in USA 4.1.2. Oil & Gas Operations
Marriott International
Mo el This industry reduced its total sales by 29.82% between 2020
oy R and 2021. Interestingly, all countries presented losses in this
Las Vegas Sands -fmm—— period (Fig. 7). The corresponding countries with the biggest
g — decrease in their sales are Australia (-85%), the Netherlands
p2rden Restaurants [P (-45%), Italy (-38%), and Colombia (-38%).
 Wynn Resorts — In the case of Australia, three companies were listed in
G vl o — 2020: Woodside Petroleum (natural gas producer), Santos
Yumt Brands [P (oil and gas producer), and Caltex Australia (petroleum brand
Domino's Pizza e - property of Chevron Corporation since 2020). However, in
o oo | == 2020 2021 only appears the fi rstone with reported losses of 26.5%.
00 05 10 15 20 25 In the Netherlands, there is only one company, Royal Dutch
Saleplus) 1e10 Shell (oil and gas company) which had losses of 45%. Italy
FIGURE 6. Forbes companies listed in the USA. had three companies in 2020: Eni (oil and gas company),

Snam (energy infrastructure company), and Saipem (oil and
this country has only one company in G-2000 for both yeargjas company); for 2021 only Eni and Snam are listed. Fi-
named Galaxy Entertainment which is a developer and openally, in the case of Colombia, Ecopetrol (petroleum com-
ator of entertainment and resort facilities. pany) is the only company belonging to this country with re-

After Hong Kong, the country with the most losses is ported sales of 38%.
the United States which reduced its sales by 45.4%. No-
tice that most of the companies of this industry belong to )
the USA. While restaurant companies like McDonald’s ang®-1-3-  Transportation
Starbucks remain in the first places with the biggest sales and = .
few losses; hotels, cruise operators and resorts reported a cofis industry had a decrease on its total sales by 25.69%. The
siderable decrease in sales between 2020 and 2021 (Fig. §j99est losses are reported in Australia (-88%), Thailand (-
These companies had a decrease in sales up to 96% (Card@70). Ireland (-68%), and Turkey and Canada which halved
val) and other companies do not even appear in G-2000 202i0€ir sales.
Chipotle Mexican Grill, Yum! Brands and Domino’s Pizza  Australia had two companies in 2020: Transurban Group
are the only companies that registered an increase in sald§0ad operator company) and Quantas Airways (flag carrier),
Finally, Penn National Gaming (casinos and racetracks) antih 2021 only appears the first one with a decrease of 32% on
Royal Caribbean Group (cruise operator formerly known adts total sales. For the case of Thailand, its only company,
Roya| Caribbean Cruises Ltd) appear for the first time inAiI’pOl’tS of Thailand, had a decrease of 72.5% on its sales.
2021. Ryanair Holdings (low-cost carrier), the only company listed

The United Kingdom is the third country with the biggest in Ireland, reported a decrease of 67.7%. Turkish airlines re-
losses (20%) with on|y one company named Compass Grou@UCGd its sales in 49.2%. Finally, in the case of Canada, three
(contract food service). Finally, China presented a 4.2% incompanies were listed in 2020: Canadian National Railway,
crease in its sales with two companies. Yum China Hold-Canadian Pacific Railway and Air Canada (flag carrier). In
ings (restaurant) and Haidilao International Holding (cuisine2021 only the first two companies appear with few losses
restaurant brand) both reported sales increases. while Air Canada is not listed in the G-2000 of 2021.

Rev. Mex. Fis68041402
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Oil & Gas Operations per country (log scale)
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FIGURE 7. Oil & Gas Operations industry grouped by country in linear (left) and log (right) vertical scales.
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FIGURE 8. Transportation industry grouped by country in linear (left) and log (right) vertical scales.

4.2. Change in sales of less affected industries by coun- the only company in Germany was Infineon Technologies
try in 2020 and 2021 (semiconductor solutions) which had a 19% increase in sales.

4.2.1. Semiconductors 4.2.2. 1T Software & Services
This is the industry with the greatest increase in sales (15.7%Jhis industry had an increase of 10.9% in sales between 2020
between these years. Most of the companies are headquaind 2021. Most of the companies are headquartered in the
tered in the US and had a 12% increase from 2020 to 2021JS. In this country, sales increased 11% and the most prof-
However, China, Taiwan and Germany were the countriestable companies are Alphabet (conglomerate holding com-

with the biggest increase in sales with 40, 36 and 19 percergany and parent company of Google), Microsoft (technology
corporation) and Facebook (technology company).

respectively.
In the case of China, three of the four companies in- The case of Argentina is interesting since revenues in-
creased their sales, except for Montage Technology (highereased 74% due to the only company headquartered there,

performance IC-based solutions for cloud computing andviercado Libre (e-commerce and online auctions). South Ko-
data center markets) which does not appear in the 2021 listea increased its sales 63%. In 2020 two companies were
Xinyi Solar Holdings (solar cell, controller and inverter) only headquartered in this country: Samsung SDS (provider of IT
appears in 2021. services) and Naver (online platform) which did not exhibit
In the case of Taiwan, sales increased in the three constrong variations in their sales. However, two new companies
panies listed in 2020 and in 2021 appeared a new firmwere included for 2021: Kakao (Internet company) and Daou

United Microelectronics (semiconductor company). Finally,Data (IT consulting and solution services).
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Semiconductors per country (log scale)
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FIGURE 9. Semiconductors industry grouped by country in linear (left) and log (right) vertical scales.
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FIGURE 10. IT Software & Services industry grouped by country in linear (left) and log (right) vertical scales.

In the case of China, Tencent Holdings (technology con-case of China, all companies remain in both lists except for
glomerate holding company) remains the most profitabléShanghai Yuyuan Tourist Mart (department stores and enter-
company in both years with sales increasing 12.7%. Baid@iainment shops) which only appears in 2021. Finally, in Ger-
(internet-related services and products and artificial intelliimany, three companies appear in both lists with increasing
gence), NetEase (online services) and East Money Informaevenues in 2021, and a fourth also appears in 2021.
tion (financial and stock information website provider) re-  On the other hand, UK has less companies in 2021 than

main in both lists while 5 companies do not appear and othein 2021: in 2020 there were 6 companies Next (clothing),
Inchcape (automotive distribution), Marks & Spences (cloth-

5 companies were added to the 2021 list.
ing, home, and food products), Kingfischer (home products),
4.2.3. Retailing and Dixons Carphone (telecommunications retailer); only the
last two appear in 2021 with a new company JD Sports Fash-

This industry had an increase in sales of 8.3% between 2020@n (sports-fashion retail). In Spain there is only one com-
and 2021, and the companies headquartered in the USA hapany in both years, Inditex (textile design company). Swe-
the largest amount of sales. Walmart and Amazon lead thden and Philipines have one company each Hennes & Mau-
list of this country and their sales increased 6.7% and 30%itz (clothing company) and SM Investment (mall develop-
respectively. However, companies headquartered in Soutiment and management), respectively; both presented losses.
Korea, China, and Germany are the ones with the biggest irFinally, in Mexico, two companies appear in 2020: Grupo
crease. Elektra (financial and retailing corporation) and El Puerto de
In South Korea, Lotte Shopping (shopping center) and ELiverpool (department store) which does not appear in 2021.

mart (discount store chain) increased their revenues, while Since retailing covers a wide range of companies such as
Coupang (e-commerce company) appears in 2021. In the-commerce, department stores, and supermarkets, then it
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FIGURE 11. Retailing industry grouped by country in linear (left) and log (right) vertical scales.

would be interesting to have a notion of the type of indus-tors we found that most of the companies with a decrease in
tries with the best and worst performance. Using the comsales were department stores and clothing companies. Sev-
panies that appear for 2020 and 2021, the ones with theral studies point out that during the COVID-19 pandemic,
biggest increase in total sales are Pinduoduo (agriculturgpeople do not consider clothing as a priority [28]. Also, con-
focused technology platform headquartered in China), Wayeerns over in-store shopping, resale or rental services, and
fair (e-commerce headquartered in the USA), Chewy (peshipping generated significant disruptions in clothing behav-
food and pet-related products headquartered in the USAjor at the beginning of the pandemic [29]. There are other
Delivery Hero (online food-delivery service headquartered instudies that indicate that sales increased in large supermar-
Germany), and Amazon (e-commerce headquartered in theets and decreased in department stores [30], and that sales
USA). On the other hand, the companies with the biggest den non-essential products (department stores, restaurants, en-
crease in total sales are Macy’s (department store headqudertainment, home improvement, professional and personal
tered in the USA), Inditex (clothing company headquarteredservices) fell significantly [31]. Nevertheless, more compre-
in Spain), TIX Cos (department store headquartered in thieensive research is needed including more companies (not
USA), H&M Hennes & Mauritz (clothing company head- only the top ones analyzed here).

quartered in Sweden), and Ross Stores (discount department
store headquartered in the USA). 4.3. Industries’ performance

In this industry, we have mixed results since some coundable V shows the sales per capita for the six industries an-
tries increase their sales (USA, China, South Korea, Brazil)alyzed in the previous section. The data was obtained by di-
while others decrease them (United Kingdom, Spain, Sweviding the total sales of an industry by the total number of
den, Mexico, Philippines) building a mixed behavior peremployees. This information can give an insight into the in-

country. It would be convenient to research why Retail-dustries’ performance during these years.
ing industry exhibits this behavior when those firms in our  The most negatively affected industries (first three rows)

dataset are grouped by country as shown in Fig. 11. Howhad a decrease in their sales per capita, while the next indus-
ever, when we analyzed separately the different Retailing sedries (last three rows) increased this value. The industries of

TABLE V. Sales, employees and sales per capita of the most and less affected industries between 2020 and 2021.

Industry 2020 2021
Sales (USD) Employees Sales per capita Sales (USD) Employees Sales per capita

Hotels, Restaurants & Leisure ~ 2.580'! 3.09x10° 8.35x10% 1.59x 10" 2.45x10° 6.65x10*
Oil & Gas Operations 4.8210"2 4.08x10° 1.18x10° 3.38x10% 4.06x10° 8.32x10°
Transportation 1.2610'2 4.17x10° 3.02¢10° 9.40x 10" 3.79x10° 2.47x10°
Semiconductors 3.8310"" 7.46x10° 5.13x10° 4.43x 10" 8.12x10° 5.46x 10°
IT Software & Services 9.9210"" 3.83x10° 2.58x10° 1.10x10*2 4.15x10° 2.64x10°
Retailing 2.6%10'2 8.91x10° 3.00x10° 2.90x10'2 9.11x10° 3.18x10°
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Hotels, Restaurants & Leisure, Oil & Gas Operations, andConsumer Durables remain in the top position, while the in-
Transportation were severely affected during the COVID-1ustries of Hotels, Restaurants & Leisure, Semiconductors
pandemic, with a decrease in sales, employees and sales @ard Media remain in bottom positions in both years. Itis also
capitain 2021 (which, according to Forbes, corresponds fronmportant to highlight those companies that had the largest
April 2020 to April 2021). During this time most countries and lowest decrease in sales during 2020 and 2021. Data
had restrictions in mobility causing a temporal closure in ho-of G-2000 2020 corresponds from April 2019 to April 2020
tels, resorts and cruises and a temporal reduction in oil andnd data of G-2000 2021 corresponds from April 2020 to
gas demand. April 2021, so this global information gives an insight into
On the other hand, the industries of Semiconductors, ITthe pandemic effects on sales, specifically in certain indus-
Software & Services and Retailing grew during the pandemidries according to the Forbes classification. Although most of
in terms of sales per capita, employees and total sales. Quahe companies listed in G-2000 operate worldwide, grouping
antine rules and lockdowns in some parts of the world led tdhem by their country headquarter can give an idea of how
many jobs that had the possibility to work from home, mak-sales by country have changed.
ing the demand for software services increase. Also, many The industry of Hotels, Restaurants & Leisure (in par-
companies digitized and turned to mobile applications andicular hotels, cruise operators and resorts) were the most af-
the internet. fected: this industry has a loss of 38%. The Oil & Gas Opera-
tions industry presented a reduction of almost 30% of its total
sales. Transportation (airlines in particular) reduced its sales
5. Conclusions by 25.6%. On the contrary, Semiconductors, IT Software &
Services and Retailing had the biggest increase in sales with
G-2000 for years 2015, 2020 and 2021 (Fig. 1) exhibitedl5.7%, 10.9% and 8.3% respectively. Notice that the United
a clear division into exponential and Pareto cumulative dis-States is the leading country in all 6 industries and the differ-
tributions in the lower and upper parts, respectively. How-ence between its sales and that of the other countries is very
ever, according to Table I, the number of companies in thesignificant in all industries.
Pareto part decreased over time from 49.1% in 2015 to 5.6% In summary, this work analyzed two sets of data. First,
in 2021. Also, the cut-off’s value,,;, shifts to the right with  the sales per capita of the companies belonging to the G-2000
the passage of time a factor of seven between 2015 and 202dhow the industries’ performance. Second, the total value of
This can be explained with the phenomenon of globalizatiorsales, which gives an insight into the most and less affected
since it has led to a more exponential behavior with conserindustries during this period of time. To our knowledge, ours
vation of money in a global scale. is the first sales per employee statistical adjustment that ana-
The domiciles of the employees in the G-2000 includelyzes temporal changes in sales per capita (per employee) in
practically all countries in such a way that they form a kind Forbes G-2000. We believe that this work could serve as a
of global capillary system, so one should relate employee inguide for future research on regional and global economics
come to the per capita wealth of the company in a generagince our list can be easily extended in the number of firms
overview. The most plausible hypothesis is that the firm’sand employing the same methodology.
per capita wealth values found here are directly correlated
With employee_ income s_ince a fraction of a fir_ms’ wealth iSAcknowIedgments
obviously distributed to its employees mostly in the form of
wages and salaries. The authors acknowledge the partial financial support
For years 2020 and 2021, Forbes classified the G-200provided by DGAPA-UNAM Mexico through grant No.
firms in 27 different industries or economic sectors. The in-IN105320 and practical recommendations from the referee
dustries of Banking, Oil & Gas Operations, Insurance andegarding the structure of this paper.

1. C. Sohrabiet al, World health organization declares global pandemic on the environmetternational journal of environ-
emergency: a review of the 2019 novel coronavirus (covid-19),  mental research and public healtfy (2020) 4140.

International journal of surgery6 (2020) 71.
: gery6( ) 5. J. D. Osofsky, H. J. Osofsky, and L. Y. Mamon, Psychological

2. Z. D. Berger, N. G. Evans, A. L. Phelan, and R. D. Silverman, and social impact of covid-19Rsycho-logical Trauma: The-
Covid-19: control measures must be equitable and inclusive,  ory, Research, Practice, and Polid (2020) 468.

2020.
6. A. Alam, S. Rampes, and D. Ma, The impact of the covid-19

3. World Health Organization, WHO Coronavirus (COVID-19) pandemic on researchirans! Perioper & Pain Med (2021)
Dashboard, 2020. 312.

4. S. Chevakt al, Observed and potential impacts of the covid-19 7. M. Nicola et al, The socio-economic implications of the coro-

Rev. Mex. Fis68041402



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. J. H. Tanneet al, Covid-19: how doctors and healthcare sys- 2

TWO-CLASS STRUCTURE OF FORBES GLOBAL 2000 FIRMS SALES PER EMPLOYEE...

navirus pandemic (covid-19): a revielnfernational journal of
surgery78(2020) 185.

. Z. Zhongminget al, The economic impact of coronavirus:

analysis from imperial experts, (2020).

tems are tackling coronavirus worldwid®mj 368 (2020).

H. Shen, M. Fu, H. Pan, Z. Yu, and Y. Chen, The impact of the
covid-19 pandemic on firm performandenerging Markets Fi-
nance and Trad&6 (2020) 2213.

M. C. Apedo-Amah, B. Avdiu, X. Cirera, M. Cruz, E. Davies,
A. Grover, L. lacovone, U. Kilinc, D. Medvedey, F. O. Maduko
et al, Unmasking the impact of covid-19 on busines&2@20).

https://www.forbes.com/lists/global2000/
asconsultedondecember |, (2020).

P. Soriano-Herandez, M. del Castillo-Mussot, |. Camair-
Chavez, and J. Montemayor-Aldrete, Wealth of the world's
richest publicly traded companies per industry and per em-
ployee: gamma, log-normal and pareto power-law as universa
distributions? Physica A: Statistical Mechanics and its Appli-
cations471(2017) 733.

J. Alstott, E. Bullmore, and D. Plenz, Powerlaw: a python pack-
age for analysis of heavy-tailed distributio40S one9 (2014)
e85777.

A. Clauset, C. R. Shalizi, and M. E. Newman, Power-law dis-
tributions in empirical dateSIAM reviews1 (2009) 661.

M. E. Newman, Power laws, pareto distributions and zipf’s law,
Contemporary physic46 (2005) 323.

P. Soriano-Herandez, M. del Castillo-Mussot, O.6@loba-
Rodiiguez, and R. Mansilla-Corona, Non-stationary individual
and household income of poor, rich and middle classes in mex-
ico, Physica A: Statistical Mechanics and its Applicatigt&b

(2017) 403. 30.

L. L. Bryan, The new metrics of corporate performance: pro
t per employeeMcKinsey Quarterlyl (2007) 56.

J. D. Farmer and J. GeanakoplBswer laws in economics and
elsewhergin Santa fe institute (2008).

20.

1.

22.

23.

24.

27.

29.

31.

11

J. Guo, Q. Xu, Q. Chen, and Y. Wang, Firm size distribution and
mobility of the top 500 firms in china, the united states and the
world, Physica A: Statistical Mechanics and its Applications
392(2013) 2903.

T. Mizuno, M. Katori, H. Takayasu, and M. Takayasitatis-
tical laws in the income of japanese compani@sEmpirical
science of financial fluctuations (Springer, 2002), pp. 321-330.

V. M. Yakovenko and J. B. Rosser Jr, Colloquium: statistical
mechanics of money, wealth, and incorReviews of modern
physics81(2009) 1703.

B. K. Chakrabarti, A. Chakraborti, S. R. Chakravarty, and A.
Chatterjee,Econophysics of income and wealth distributions
(Cambridge University Press, 2013).

A. Dragulescu and V. M. Yakovenko, Exponential and power-
law probability distributions of wealth and income in the united
kingdom and the united statd3hysica A: Statistical Mechan-
ics and its Application299(2001 213).

5. W. Souma, Universal structure of the personal income distribu-

tion, Fractals9 (2001) 463.

26. W. SoumapPhysics of personal incomm Empirical science of

financial fluctuations (Springer, 2002), pp. 343-352.

Y. Fujiwara, W. Souma, H. Aoyama, T. Kaizoji, and M. Aoki,
Growth and uctuations of personal incorfdysica A: Statisti-
cal Mechanics and its Applicatior&21(2003) 598.

28. A. K. S. Onget al, Consumer behavior in clothing industry

and its relationship with open innovation dynamics during the
covid-19 pandemicJournal of Open Innovation: Technology,
Market, and Complexity (2021) 211.

C. Liu, S. Xia, and C. Lang, Clothing consumption during the
covid-19 pandemic: evidence from mining twee®pthing
and Textiles Research Journ@B87302X211014973 (2021).

R. M. Campos-Vazquez and G. Esquivel, Consumption and ge-
ographic mobility in pandemic times. evidence from mexico,
Review of Economics of the Househti(2021) 353.

N. Coxet al, Initial impacts of the pandemic on consumer be-
havior: evidence from linked income, spending, and savings
data,Brookings Papers on Economic Activ920(2020) 35.

Rev. Mex. Fis68 041402


https://www.forbes.com/lists/global2000/ as consulted on december�
https://www.forbes.com/lists/global2000/ as consulted on december�

