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Abstract

We presented an analysis of Bogotd’s sports sector through
the lens of thermostatistical models applied to economic
systems. The study explores the cross-price elasticity of
Income () to assess whether sports services in Bogota are
perceived as normal or inferior goods. By examining data
from the Sports Satellite Account of Bogotd (CSDB) from
2018 to 2022, we found that the demand for sports services
was highly elastic, especially in years when the economy
improved, implying that these services are viewed as normal
or luxury goods.

Additionally, the partition function, entropy, and heat
capacity of the economic system are calculated, revealing
that the entropy is consistent with the Boltzmann Principle.
This indicates a strong correlation between the system’s
microstates and its macroeconomic state, supporting the
statistical thermodynamic framework used.

The study also applies geometrothermodynamics to
evaluate the system’s stability, utilizing Kretschmann
and Ricci scalars to uncover economic singularities or
crises. These singularities coincide with the pandemic
period, reflecting its disruptive impact on the sector.
This integration of geometric thermodynamics offers a
deep interpretation of the system’s stability, revealing how

* warojasc@unal.edu.co doi: https://doi.org./10.15446 /mo.n71.121535



Thermostatistical Evaluation of Economic Activity 39

external shocks, such as COVID-19, cause measurable
disturbances in the economic structure.

The analysis shows that Bogotd’s sports sector responds
elastically to changes in GDP, and its stability is influenced
by various macroeconomic factors. However, the decrease in
the heat capacity of the system as the economic temperature
rises suggests potential growth limitations, making further
research essential to fully understand the sector’s long-term
prospects.

Keywords: thermodynamics, elasticity, entropy,
geometrothermodynamics.

Resumen

Presentamos un andlisis del sector deportivo de Bogotd a
través de modelos termoestadisticos aplicados a sistemas
econdémicos. El estudio explora la elasticidad cruzada del
ingreso () para determinar si los servicios deportivos en
Bogota son percibidos como bienes normales o inferiores.
Al examinar los datos de la Cuenta Satélite del Deporte
de Bogota (CSDB) de 2018 a 2022, encontramos que la
demanda de servicios deportivos es altamente eldstica,
especialmente en anos de crecimiento econdémico, lo que
implica que estos servicios son considerados bienes normales
o de lujo.

Ademas, se calcularon la funcién de particién, la entropia
y la capacidad calorifica del sistema econémico, revelando
que la entropia es consistente con el Principio de Boltzmann.
Esto indica una fuerte correlacién entre los microestados del
sistema y su estado macroeconémico, respaldando el marco
termoestadistico utilizado.

El estudio también aplica la geometrotermodindmica para
evaluar la estabilidad del sistema, utilizando los escalares
de Kretschmann y Ricci para identificar singularidades
econdémicas o crisis. Estas singularidades coinciden con el
periodo de la pandemia, reflejando su impacto disruptivo en
el sector. Esta integracion de la termodindamica geométrica
proporciona una interpretacién profunda de la estabilidad
del sistema, mostrando cémo choques externos, como
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el COVID-19, generan perturbaciones medibles en la
estructura econdmica.

El andlisis demuestra que el sector deportivo de Bogota
responde de manera elastica a cambios en el PIB y
que su estabilidad estd influenciada por diversos factores
macroecondémicos. Sin embargo, la disminucién de la
capacidad calorifica del sistema a medida que aumenta la
temperatura econdémica sugiere posibles limitaciones en su
crecimiento, lo que hace esencial continuar investigando
para comprender plenamente las perspectivas a largo plazo
del sector.

Palabras clave: termodindmica, elasticidad, entropia
geometrotermodindmica.

1. Introduction

Econophysics is a discipline derived from the convergence between
statistical physics and economics, employing advanced physical
methods to analyze and model the inherent complexity of economic
systems. This approach facilitates the interpretation of financial and
economic phenomena as complex systems, leveraging the analysis of
large datasets. The integration of methods from statistical physics
can improve existing economic models and offer more accurate
predictions of economic phenomena. The growing availability of
economic data presents opportunities to discover new empirical laws
and validate existing ones [1].

The integration of thermodynamics with economic theory
is crucial for developing a coherent economic theory that
considers sustainability. Economic processes follow the laws of
thermodynamics, especially the conservation of mass and energy
and the law of entropy. In this context, the concepts of
strong and weak sustainability are analyzed. Strong sustainability
requires that natural and economic capital do not decrease,
while weak sustainability assumes perfect substitutability between
these capitals, which is considered unrealistic. The second law of
thermodynamics limits the possibility of a completely circular and
sustainable economy due to the entropic nature of material use.
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The concept of exergy, as a measure of the value of energy in
terms of work, can be used to assess the environmental impact
and sustainability of different processes and areas [2].

Santos et al. [3] present various kinetic models for the distribution
of money and wealth that apply concepts from statistical mechanics
and quantum physics. The study examines how both constant
and differentiated saving propensity affect the distributions of
money and wealth, using the Gini index to quantify the degree
of inequality. An analogy is drawn between economic systems and
ideal gases, where economic transactions are modeled as collisions
between particles, conserving an economic quantity analogous to
kinetic energy.

Rawlins et al. [4] develop an economic statistical thermodynamics
framework where entropy naturally emerges. Using this framework,
they derive Pareto’s law for income distribution, based on the
conservation of the sum of the logarithms of income in the
high-income group. Thus, they establish a relationship between
the Pareto exponent and what they call economic temperature,
empirically demonstrating that different U.S. states exhibit
the same economic temperature, suggesting the existence of a
quasi-equilibrium in these economic systems.

Quevedo et al. [5] estimate an econophysics model that takes into
account the microeconomic and macroeconomic parameters of a
system. In this formulation, the free money function and Pareto’s
law can be derived. This approach allows for the estimation of
entropy S and heat capacity C.

s
C=T5. (1)

Thus, the divergences in are associated with phase transitions
and crises in economic systems [3], [6].

Quevedo shows the application of geometrothermodynamics (GTD)
in econophysics to describe the behavior of economic systems.
GTD, which uses concepts from differential geometry, is applied
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to economic systems by modeling them as thermodynamic
systems. The research focuses on the Boltzmann-Gibbs and Pareto
distributions, which represent different population sectors 95 %
with medium and low wealth, and 5% with high wealth. The
study demonstrates that the Boltzmann-Gibbs sector does not
exhibit phase transitions, while the Pareto sector, characterized
by strong economic interactions, presents significant curvature
singularities, interpreted as economic crises [6]. The article also
derives the partition function, entropy, and heat capacity of the
system, showing that the entropy complies with the Boltzmann
Principle. This provides a robust statistical and thermodynamic
foundation for the model. By associating Riemannian metrics to
these distributions, the authors reveal that the curvature in the
equilibrium space helps identify financial crises as phase transitions

[6].

This research is organized as follows: Section [2| presents a review of
elements of microeconomics and the Satellite Account of Sports
in Bogotda [7]. In Section [3| a review of the statistical-physical
model applied to economics is provided [5, B]. Subsequently, a
brief review of elements of Geometrothermodynamics (GTD) for
economic systems is presented in Section [d Section [ offers a
thermal description of the Satellite Account of Sports (CSDB).
This section is dedicated to applying GTD to the economic sector
of interest in Section [0 Finally, discussions and conclusions are
presented in Section [7]

2. The Satellite Account of Sports in Bogota
2.1. Elements of Microeconomics

Microeconomics focuses on the individual behavior of economic
agents, such as consumers, firms, and workers, and how their
decisions affect the supply and demand for goods and services.
When considering microeconomics, supply and demand must be
taken into account. Thus, demand is the quantity of goods or
services that consumers are willing to purchase at different prices.
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The Law of Demand states that when the price decreases, the
quantity demanded increases.

Similarly, supply corresponds to the quantity of goods or services
that producers are willing to sell at different prices. The Law
of Supply indicates that when the price increases, the quantity
supplied also increases [9].

Demand elasticity measures the sensitivity of the quantity
demanded to changes in price. Elastic demand responds
significantly to price changes, while inelastic demand changes little.
Supply elasticity measures the sensitivity of the quantity supplied
to changes in price [9].

2.2. The Satellite Account of Sports in Bogota (CSDB)

The Satellite Account of Sports in Bogotd (CSDB)[7] is a
fundamental tool for measuring and analyzing the economic impact
of sports-related activities in the Colombian capital. This account,
developed by DANE [7] in collaboration with the Mayor’s Office
of Bogotd [10] and the District Institute of Recreation and Sports
(IDRD) [11] provides data on the value added generated by the
sports sector and its contribution to the Gross Domestic Product
(GDP) of the city. According to the results presented, sports
economic activities represented, on average, 1,11% of the total
value added in Bogota between 2018 and 2022, demonstrating their
relevance in the local economy. The CSDB encompasses various
activities, ranging from manufacturing and commerce to services
related to sports, offering a comprehensive view of the sector.

This detailed analysis allows policymakers and private-sector
stakeholders to make informed decisions to promote the
development and growth of the sports industry in Bogota.
Additionally, the CSDB facilitates the comparison of the economic
performance of the sports sector over time and its evolution against
other sectors of the economy, which is crucial for evaluating the
impact of policies and strategies aimed at promoting sports and
physical activity in the city [7].
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F1GURE 1. GDP for Bogota City during the period 2018-2022

In Figure 1} the behavior of the GDP for the city of Bogota during
the period 2018-2022 is presented according to the DANE report
[7]. A least-squares adjustment for GDP allows us to obtain

fe) = 042)\3 + 52>\§ + Y22 + 2, (2)

where ag = 4 % 1012, B3 = —2% 106, v, = 5% 10! and §, = 3 * 10?2
with a correlation coefficient of R% = 0,96.
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F1GURE 2. CSDB for Bogotd City during the period 2018-2022

In Figure [2, the behavior of the CSDB for the city of Bogota during
the period 2018-2022 is presented according to the DANE report
[7]. Tt is possible to calculate the cross elasticity A with the available
data. Therefore, A measures the sensitivity of one variable (CSDB)
with respect to changes in another variable (GDP), as [9], 12-14].

ACSDB

__ (CSDB)
A= -Xepp (3)

(GDP)
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where
ACSDB =CSDB;1 — CSDB;, (4)
AGDP =GDP,y — GDPF;, (5)
(CSDB) = CSDBiH;- CSDB; (6)
DP, DP,
<GDP> _ G z+12+ G 7 (7)
46 ./_
T

2 3 4 5
t(Year)

F1GURE 3. Behavior of A for Bogotd City during the period 2018-2022

Figure 3| shows the behavior of the elasticity coefficient A for Bogota
City during the period 2018-2022. A least-squares adjustment for
the data in Figure [3| allows us to obtain the polynomial m(\)

m(A) = al® + BA% + A + 4, (8)

where o = 1,9, 8= —1,1 % 10%, v = 2,0 % 10%, § = 2,0 * 10'° with a
correlation coefficient of R? = 1.

Thus, A defined in (3) is a cross-income elasticity that measures the
sensitivity of the quantity demanded or supplied of a good or service
in response to changes in income or another economic variable, such

as GDP.

In this specific case, the elasticity of the supply of sports spending in
Bogota is being measured in response to changes in Bogota’s GDP.
Characteristics of A: if the increase in GDP results in an increase
in sports spending, the elasticity is positive, suggesting that sports
is a normal good.
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Similarly, if an increase in GDP results in a decrease in sports
spending, the elasticity is negative, suggesting that sports may
behave as an inferior good. Also, A > 1 indicates that the quantity
supplied is highly sensitive to changes in GDP. In contrast, A < 1
is inelastic, indicating that the quantity supplied is less sensitive to
changes in GDP.

In the context of Supply, it would be observed how changes in GDP
affect the ability or willingness to offer sports-related services in
Bogota. Similarly, for Demand, it would be observed how changes
in GDP affect the consumption of sports services in Bogota.

Income elasticity provides information on how the supply or
demand for sports services changes in response to changes in GDP,
which can indirectly affect the average spending per market agent

.

3. Elements of Statistical Thermodynamics Applied to
Economic Systems.

Quevedo et al. [5l [0, 8] present a physical-statistical model applied
to economics, where a quantity M is conserved over a period of
time ¢
dM
— =0. 9
Let N be the number of market agents competing for a share of the
money [3]

= Zmi. (10)

In the case of the canonical ensemble, the distribution density of
money is
p(m) oc /7, (11)

where T' = (E), which corresponds to the average energy per market
agent (money), m = m(A) corresponds to the money function and
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is the amount of money that a market agent can obtain depending

on A, Ao, ... microeconomic parameters. Therefore, reduces to
5= 12
p(A) = ma (12)

where Z(T, Z) it is the partition function [3H6, [8, T5H18]
2(T,7) = / emO/T gy, (13)

where \ is the entire set of microparameters, Z is the entire set
of macroeconomic parameters. Thus, the average value of any
parameter g = g(\) is

(9) = / gpdX

1 - _
= —mN/T X, 14
Z(T.7) fo "

From the above, the average amount of money per agent
(m) = / mpdM, (15)
Consequently
d{m) = /mdpd)\—l-/pdmd)\. (16)
Thus, in , it is defined
(dm) = / pdmdX, (17)
then (16]) reduces to
d{m) = / mdpd\ + (dm) . (18)

Taking , it is rewritten
m(A) = =T [In|p(\)| + In|Z(T, z)|] . (19)
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hus, for , it holds that
/p()\)dA =1, d/p(A)d)\ =0. (20)
Taking into account the term
/mdpd/_\ = —/T [In |p(\)| + In|Z(T, 2)|] dpdX
=— /T [ln |p(5\)H dpd\ (21)

where the second term is null due to (20)).

Let the entropy S of a thermodynamic system be defined as

§=(=In|pN)])
_ / I |o(3)| p(V)dA, (22)

therefore, its differential dS is

ds = — /ln |p(N)| dp(X)dA. (23)

Let us consider again equation ((17]), which can be rewritten as

SoMAs e

om] - -
Yi = / [— 8x-] pAdA, (24)
Thus, for , it is given that [—%] corresponds to the variation

in the amount of money m per market agent with respect to market
factors x;. Then

yuda, = / p(N)dmdA. (25)
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Consequently

N
(dm) = — Z yidx;.

_ / p(N)dmdA. (26)
Taking according to and , the First Law of

Thermodynamics for an economic system is obtained [4] 5]
N
d(m) =TdS = yida;, (27)

where the term of heat is interpreted d@) = T'dS and the term of
work dW = va yidx;.

It is useful to explicitly calculate the entropy. S, from . Taking
(19 _
ln‘p(j\)‘ :$+ID|Z(T,§T)|. (28)
Then _
S = / {@ +In|Z(T,z)|| p(N)dA. (29)

The free money function of an economic system can be defined
analogously to Helmholtz free energy [17, (18]

f={(m)-TS (30)
f=-Th|Z(T,z)|. (31)
From 7 it is defined
__ (91
e (aT)<m>’ .

(%),

Once the entropy S is known, the heat capacity can be determined

as 85
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4. Elements of Geometric Thermodynamics for Economic
Systems

Geometric thermodynamics (GTD) consists of introducing a metric
in the equilibrium space &, such that the points (P € &) represent
all possible equilibrium states of the system [6], T9-22].

Define ®(E®) with a = 1,...n as the fundamental equation of
the system, where ® is the thermodynamic potential, £* are the
extensive variables that correspond to the coordinates of £ and n
is the number of degrees of freedom. Thus, the Hessian metric is

0?P
H a b
= ———dFdE". 35
9 = 9EeoEP (35)
Consequently, it is considered that the equilibrium space has a
Riemannian manifold structure; therefore ® = U is the Weinhold
metric and & = —S is the Ruppeiner metric.

Then, the thermal description of a physical system must
be independent of the chosen thermodynamic potential; this
characteristic is called Legendre invariance. Thus, metrics g are
defined over £ that comply with this invariance principle. A defect
of is that it does not adhere to the principle of Legendre
invariance. Nevertheless, GTD offers a set of metrics that satisfy
this invariance.

0%
I c
0%
7 c
g - ﬁ@cbnaaEbaEc? (37)
- 0P 9*®
117 d ab a c
gr=3 :{&le 8Ea1 0 e U AE", (38)

a=1

where 6¢ = diag(1,...,1),n¢ = diag(—1,1,...,1) y B¢ is the degree
of homogeneity of ¢ [21], 22].
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5. Thermal Description of the Sports Satellite Account
(CSDB)

This study aims to analyze the sports sector of Bogota City [7]
using methods from thermodynamics applied to economics [5, [6].
Consequently, the partition function Z(7,\) is given according to

(8) and (13).
A o] 3 2
Z(T,)\):é/ - {_a)\ AN 4 +8]
A T

(39)

where A = A1/, ... corresponds to the macroeconomic parameters
of the system under consideration. The presence of the polynomial
in the argument of the exponential function makes the integral
have no known analytical solution. However, depending on
the values of «, 3, v, and ¢, specific approximations can be made.
A quadratic approximation can be considered

a=0. (40)
This allows to be reduced to

Z(T,\) =

2
{ B\ +7A+5} O\

4
/\+2ﬂ - 15196

- a7 (B

dX

f m*erfc[

)

(41)

Where erfc(z) and erf(z) are the complementary error function and
the error function, respectively[23]

erfe(z) = 1 — erf(z) (42)

erf(z) = —= / (43)
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An analytical evaluation of is beyond the scope of the
present study; however, it is illustrative to attempt a computational

alternative using 1\/[afchen[1aticaﬂ7 which may help estimate the
thermal behavior of CSDB.

In Figure[d] the behavior of entropy S(T') for the CSDB is presented
according to the partition function . A logarithmic behavior
of entropy is observed. This entropy is thermal and aligns with
Boltzmann’s principle, where entropy is interpreted as proportional
to the logarithm of the number of microstates compatible with
given a macrostate, S o In|Q|. This point is significant as we
consider the CSDB as a physico-statistical phenomenon. That is,
the CSDB possesses thermal entropy, and according to the second
law of thermodynamics, it is associated with a temperature T'. Here,
it is important to distinguish the concept of physical temperature
Tpy, from economic temperature Tge,, as the former is associated
with the motion of particles in a physical system and their average
velocity, (v), while the latter is interpreted as the average amount
of money, (m), held by the different agents in the CSDB [4].

S
25

20

0.5

T

20 40 60 80 100

FIGURE 4. Behavior of entropy S according to the partition function Z(T, \),

(1)

Figure [5{ shows the behavior of (m) (T'), where a linear relationship
between the two analyzed variables is observed.

Figure |§| shows the behavior of C(T) o 7.

Consider again , with the cubic approximation

aX? > BA2 + 4N+ 4. (44)

! Available at https://www.wolfram.com/
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FIGURE 5. Behavior of (m) according to the partition function Z(T, ), (41
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FIGURE 6. Behavior of the heat capacity C according to the partition function
Z(T, ), (A1)

Therefore, the partition function

. ;
2T, = 2 / exp [—ﬂ} A
0

A T
AT [4

=4 =T1=]. 4
AV o {3} (45)

It is possible to obtain an analytical solution as reported by [5, [6].
The free money function, based on

ALT T4
=—-Tn|—/—I|= 46
r=-rm|3iar(3) (16)
Similarly, the entropy is obtained from (32))
1 AT [4
S=—+In|—/—T|= 47
3 * AV a [3] (47)
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0.5

FiGURE 7. Behavior of the entropy S according to the partition function

Z(T, ), (#3)

In Figure [7], the behavior of the entropy S is presented according
to the partition function Z(7,\) in (45)). It is observed that the
entropy exhibits a logarithmic behavior S o In |Q], similar to Figure
@.

Similarly, from the average value of money per agent, (m), can
be obtained as:

(m) = = (48)
In Figure [§] the behavior of (m) is shown, and it is observed to

<m>
35

30
25
20

20 40 60 80 100T

FIGURE 8. Behavior of (m) according to the partition function Z(T', A), (45)

exhibit a linear behavior (m) oc T, similar to that presented in
Figure [5]
The heat capacity is obtained from (34))

C=3 (49)
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F1GURE 9. Behavior of the heat capacity C' according to the partition function
Z(T, X), (45).

In Figure [0 the behavior of C' is shown, and it is observed to be
constant under the condition of cubic dominance.

5.1. A More Realistic Model for the CSDB.

A more realistic description of the sector under study can include
more macroeconomic characteristics. In this case, when including
the Gross Domestic Product of the city of Bogotd and m(\) ~ A3,
allows us to write the partition function Z (T, z) ((13)

Z(T, M\ \g) = / eTmN ) / F(X2)dAs
0

0

/T |4
—¢ir|Zp
S HES (50
where A 5 )
P(:c):o“f +523I +722x + 8y, (51)

The free money function, (31)

T T4
=-T1 —I{=|P . 2
f=-tml{/ir 3] P (52
The entropy S, (32))
S=% | Lr (2] pa) (53)
3TV a 3]
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The average value of money per market agent (m), (30))

(m) — % (54)

The term of work y;, (33)

 T(agz® + Box® 4 7oz + 02)
y = P@) . (55)

And the heat capacity, (34])

O:%. (56)

6. Geometrothermodynamics (GTD) for the Sports
Sector in Bogota

If the entropy S is chosen as the thermodynamic potential ,
then we have ® = S, S = S(T,z), and the extensive variables
E*={E' E?} = {T,x}. Then

0*S  0*S
I _ - -
g _SL?T?—F@J:Q}’ (57)
where s
1
o2~ 377 (58)
s [Qx)? | Z(x)
822 {P(x)Q N P(z)]’ (59)
dP
Q@) = 2o’ + faa® + 30 + 00, Q) = 8L ()
and
Z(x) = 3a92® + 2B92” + V2. (61)
Therefore
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where is the metric tensor g’ defined on €. The determinant

g
Qx)? | Z(x)
detg’ = 63
= 37 {P(m)2 TP (63)
this vanishes under two conditions
S
— = 4
which implies zero entropy S = 0, which is not possible, also
2
iGN (65)

P(z)

In Geometrothermodynamics, the determinant of the metric,
det(g), is a scalar that characterizes the geometry of the
thermodynamic state space. If the determinant of the metric det(g)
is zero, it implies that the metric is degenerate, meaning that the
thermodynamic state space has a singular geometric structure at
that point. Physically, a zero determinant can indicate: a critical
point, a bifurcation point where the system’s behavior qualitatively
changes, such as a shift in stability, a thermodynamic singularity
where the system’s thermodynamic properties are not well-defined.
On the other hand, a direct calculation of g;; contained in (37))
allows us to obtain

02s  9*S
nm_ ol 99  0O»
g —S[ 8T2+8x2]’ (66)
SO
377 0
1 372
g't=>9 )2 o |- (67)
(¥ -2’ )
Also, from
dS 0*S 08 0S| 9%S 0S5 928
I T = T2 T= e T hiadhdiiad 2
8T8T2d * [ oT +x3x] 8T8xd dx_i_x@:c 8x2dm ’
(68)

1 0

III 912

g =5 2Q@) [Q@)? | z@)] | - (69)
( 0 |55 + P(r)])
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From , and , it is possible to calculate the Kretschmann
scalars K, K;; and K;;;r and the Ricci scalars Ry, Ry and Ryjy
for the metrics g;, g;; and g;;; which are explicitly shown in the
reference [24].

350

300 | P
Kl
‘ | Kil

250
200 ‘
150
100 |
50t |

— T
02 04 08 08 10

FiGUurE 10. Behavior of K;, K;; and Kjj; as a function of temperature T'
with x = cte.
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FIGURE 11. Behavior of Ry, R;;, Rrrr as a function of temperature T' with
x = cte.
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In Figure [I0, the behavior of K;, K7, and K5 as a function of
temperature 7" with = held constant is shown. It is observed that
Ky, Ki7, and K7 exhibit a singularity at T' =~ 0,1, which can be
interpreted as an economic crisis. This point is sensitive, as the
analyzed period for the sector corresponds to 2018-2022, which
includes the COVID-19 pandemic period, declared by the World
Health Organization on January 30, 2020, and lasting until May 5,
2023 [25].

Due to the presence of the virus, many of the collective and outdoor
activities included in the CSDB had to be restricted. Another
notable characteristic is that in the limy . {K;, R;} ~ 0, this
means that the curvature of the K; and R; diminishes over time,
which is interpreted as low thermodynamic interaction in relation
to Bogota’s GDP [26].

Identical conclusions can be drawn from Figure |11, which shows
the behavior of R; as a function of temperature 7' with x = cte.
It is observed that there is a singularity at 7" =~ 0,1, whose origin
is associated with the pandemic period. An interesting property of
this work is the

K; & —R;. (70)

12000 ‘ ‘
‘ — K
‘ ‘ Kil

10000 \ ‘ K

/ \
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6000 “ \

4000 / “‘\
| \
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02 04 06 08 1.0

X

FIGURE 12. Behavior of K7, K;; and Ky as a function of z with T = cte.
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In Figure [12] the behavior K, K;; y Kyyr as a function of x with
T = cte is shown. It is observed that there is a singularity at
x =~ 0,5, which can be explained by the aforementioned reasons.
Similarly, Figure shows the behavior of R;, Ry;, Ry; as a
function of x with T = cte. Here K; and R; exhibit singularities
for the same values. In reference [24], the functional forms of the
determinant of ¢° and the curvature scalars K; and R; are presented,
highlighting the characteristics common among them.

7. Discussions and Conclusions

The present work presents a detailed analysis of the CSDB in
Bogota based on a thermoeconomic model, as mentioned in [5].
In this context, income elasticity A is employed as an essential
microeconomic parameter to identify whether sports are considered
a normal or inferior good. The results show that, in certain years,
the elasticity is positive and greater than 1, indicating that sports
are perceived as a normal or even luxury good [7].

One of the key findings of this study is that spending on sports
in Bogota is highly sensitive to changes in GDP, suggesting that
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as the local economy improves, the supply of sports services also
increases significantly.

This behavior supports the idea that sports services are seen as
normal or luxury goods. Conversely, when the elasticity is less than
1, it suggests that spending on sports is relatively inelastic with
respect to GDP, indicating that sports services are considered a
basic necessity or face structural barriers that limit the supply
response to economic changes.

The CSDB provides detailed information on the behavior of
various economic sectors participating in the analysis, such as
manufacturing, apparel, and services. According to the model, the
average value of money among agents depends on how commercial
transactions are conducted, which are modeled as elastic collisions
between two particles in one dimension. In these transactions,
money is exchanged for goods and services related to sports,
reflecting a linear relationship between the average value of money
(m) and economic temperature 7', as observed in Figures [f] and [§]

In the analysis presented, if the partition function has a cubic
domain, m()\) oc A3, the entropy follows the Boltzmann Principle
meaning that there exists a set of microstates compatible with
a given macrostate [I5HI8]. This result reinforces the connection
between the economic model and the laws of thermodynamics.

Another important aspect addressed is the relationship between
economic temperature and the average value of money per
agent. In the cases studied, it is shown that there is a
linear dependency between these two parameters, suggesting that
economic temperature is a good indicator of economic activity in
the sports sector. Additionally, when the partition function has a
quadratic domain, m(\) oc A%, it is observed that the heat capacity
of the CSDB decreases as temperature increases, as shown in Figure
[6l This behavior may indicate a decrease in the sector’s capacity to
absorb more money, equating to a lower capacity for investment.

Geometrothermodynamics applied to the CSDB reveals that
curvature scalars, such as the Kretschmann and Ricci scalars, show
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singularities that are interpreted as economic crises during the
period studied.

This result is consistent with the crisis provoked by the
COVID-19 pandemic, suggesting that the model adequately
captures fluctuations in the economic stability of the sports sector.
These geometric metrics provide a profound interpretation of the
system’s stability, allowing for an analysis of the sector’s robustness
against disruptive events.

The study demonstrates the application of
geometrothermodynamics (GTD) in econophysics for describing
the behavior of economic systems.

The results suggest that the sports sector responds elastically to
changes in GDP, indicating that it is perceived as a normal or luxury
good. However, the decrease in heat capacity with the increase
in economic temperature suggests that there are limitations on
the future growth of the sector. This trend raises questions about
the ability of the sports sector to absorb more money in the long
term. Future research could focus on developing additional metrics
to measure the sensitivity of different sectors to changes in the
economic environment, incorporating elements such as economic
entropy and heat capacity as indicators of stability. Moreover, it
is recommended to continue exploring more complex models that
include multidimensional dynamics and the interaction of multiple
macroeconomic factors. This could provide a more comprehensive
view of how economic sectors evolve during times of crisis and
recovery.
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