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ABSTRACT: The tourism industry was one of the world’s greatest markets, until the world was affected by the COVID-19 pandemic.
Now, tourism managers have to carefully assess the impact of epidemics on their businesses and develop new risk management
methods to cope with the crisis. The current pandemic has created an opportunity for the development of rural tourism. This study
aims to present a mathematical modeling of the entropy of rural tourism in the context of COVID-19 and a differential equation
verified by this entropy. The model presented in this paper reflects the entropy of the preference for this type of tourism and a
differential equation that models its variation. This paper aims to offer a tool to measure uncertainty regarding this topic. The model
can be generalized and applied to any epidemic. The model could be used by specialists in quality management and mathematical
modeling, managers of rural tourism organizations, local authorities, to estimate the entropy regarding how rural tourism has been and
is still impacted by the COVID-19. The results obtained will help policy makers take necessary strategic and operational decisions,
along with maximizing the profit of the rural tourism organization as well as the safety of the tourists.
KEY WORDS: the development of tools for measuring sustainable rural tourism; the impact of COVID-19 on rural tourism

1. INTRODUCTION
The World Tourism Organization (UNWTO) offers data
about the evolution of tourism across the globe. For example,
figure 1 illustrates the changes in international tourist arrivals in
Romania, comparing tourist activity from 2019 to the one from
2020.
The model presented in this paper reflects the entropy of
rural tourism. This paper aims to offer a tool to measure
uncertainty regarding this topic. The model could be used by
specialists in quality management and mathematical modeling,
managers of rural tourism organizations, local authorities, to
estimate the entropy regarding how rural tourism has been and
is still impacted by the COVID-19 pandemic.

Rural tourism refers to a range of tourism activities that
take place in the countryside, thus, this topic is of great interest
to the contemporary world. In the past year, rural destinations
have seen an increase in tourist activity, in contrast to urban
destinations, as people have preferred to turn to safer or lowerrisk areas, with a low population number. This new orientation
requires more investment in infrastructure, marketing, regional
cooperation, and economic stimulus packages. [1-4]
Recently, many researchers have studied the impact of
COVID-19 on the evolution of the financial market regarding
tourism activity worldwide [2,4] or in specific areas of the world
[5-11], such as Malaysia, United Arab Emirates, Algeria, and
others. The main methods used are mathematical statistics and
mathematical models for stochastic processes.

Figure 1. Changes in international tourist arrivals in Romania, due to COVID-19 [12]
The aim of this model is to quantify the uncertainty
regarding the impact of the COVID-19 pandemic on the
2. METHODS, RESULTS, DISCUSSION
preference for rural tourism.
The variables used for the mathematical model are
In this section is presented an entropic model, the
numeric values associated to the following factors:
mathematical model of the entropy of rural tourism in the
-economic factors at time t: 𝒙𝒕𝟏,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 - number of
context of COVID-19 and a differential equation verified by this
tourists; 𝒙𝒕𝟐,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 − early departures; 𝒙𝒕𝟑,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 - three, four,
entropy.
and five-star hotels per capita; 𝒙𝒕𝟒,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 - restaurant per capita;
4

𝒙𝒕𝟓,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 - regional tourism websites; 𝒙𝒕𝟔,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 - rail access
has or doesn’t have a rail link; 𝒙𝒕𝟕,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 – gross domestic
profit (GDP), where 𝒙𝒕𝟏,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 ,..., 𝒙𝒕𝟕,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 are notations of
the mean of the economic parameters of rural tourism
organizations from a certain region or a certain state at time “t”,
parameters that we consider to be statistically independent.
-environmental factors at time t: 𝒙𝒕𝟏,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 percentage of local population that has access to clean and
healthy water; 𝒙𝒕𝟐,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 tourist assessment of
environmental health (0-10); 𝒙𝒕𝟑,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 - construction
density per unit area; 𝒙𝒕𝟒,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 - number of natural
attractions and services in the region (such as swimming pools,
horse-riding activities, food tasting events, skiing, etc.), where
𝒙𝒕𝟏,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 ,..., 𝒙𝒕𝟒,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 are notations of the mean
of the environmental parameters of rural tourism organizations
from a certain region or a certain state at time “t”, parameters
that we consider to be statistically independent.
-factors related to the safety of the tourists and of the
region that the rural tourism organizations are part of at time t:
𝒙𝒕𝟏,𝒔𝒂𝒇𝒆𝒕𝒚 - tourist satisfaction regarding the safety of the region
(people are wearing masks properly or not, proper social
distancing etc.); 𝒙𝒕𝟐,𝒔𝒂𝒇𝒆𝒕𝒚 - safety equipment from the region
(masks, plastic screens, hand sanitizers, ambulances, hospitals,
etc.); 𝒙𝒕𝟑,𝒔𝒂𝒇𝒆𝒕𝒚 - assessment of whether local authorities apply
laws that ensure the safety of the tourists (0-10); 𝒙𝒕𝟒,𝒔𝒂𝒇𝒆𝒕𝒚 tourist satisfaction regarding the organization’s safety measures
against the spread of COVID-19 (testing employees regularly,
checking temperatures of individuals, testing tourists before
assigning them a room, asking for a negative test result from the
last 48h, asking for a vaccination certificate, etc.); 𝒙𝒕𝟓,𝒔𝒂𝒇𝒆𝒕𝒚 –
reproduction number, r, from the classic SIR epidemic model
[13], where 𝒙𝒕𝟏,𝒔𝒂𝒇𝒆𝒕𝒚 ,..., 𝒙𝒕𝟓,𝒔𝒂𝒇𝒆𝒕𝒚 are notations of the mean of
the safety parameters of rural tourism organizations from a
certain region or a certain state at time “t”, parameters that we
consider to be statistically independent.
The means are calculated on a time interval of the form
[t0, t1 ], where t0, t1 is expressed in days.
The SIR model was developed by W.O. Kermack and
A.G. McKendrick in the year 1927 and is known in the specialty
literature as the classic epidemic model. They considered a
dynamic model with three compartments, denoted by S, I, and R,
in which the following transfers take place: from S to I, and from
I to R.
In order to create the SIR model, the authors made the
following suggestions:
– functions S, I, and R are time functions S = S(t), I =
I(t), R = R(t), differentiable on the interval [0, ∞);
– β rate of transmission, is the parameter that controls the
transfer between S and I. It represents the average number of
contacts needed per time unit (per day) to infect a person;
– γ/µ is the transfer rate between I and R, and it represents
the recovery rate. The number 1/γ shows the length of the time
interval in which an individual becomes infected.
We choose the number of individuals, N, as an average
value on the time interval [t0, t] for the population volume from
the analyzed area, consisting of locals and tourists.
By assuming that N is constant, we obtain that S(t) + I(t)
+ R(t) = N = the statistical population volume, at any time

t. Based on these assumptions and the definitions of the
parameters β and γ, W.O. Kermack and A.G. McKendrick [13]
obtained the following mathematical model, consisting of a nonlinear system of first order differential equations, the SIR
system:
𝑑𝑆(𝑡)
𝐼(𝑡)
= − 𝛽𝑆(𝑡)
𝑑𝑡

𝑑𝐼(𝑡)
𝑑𝑡

𝑁(𝑡)

= 𝛽𝑆(𝑡)

𝐼(𝑡)
𝑁(𝑡)

− 𝛾𝐼(𝑡).

(1)

𝑑𝑅(𝑡)

= 𝛾𝐼(𝑡)
{
𝑑𝑡
The differential system SIR always has initial conditions
of the form S(0) = S0 >0, I(0) = I0 > 0, R(0) = R0 , therefore
solving it means solving a Cauchy problem. The initial
conditions are the ones that describe the system at the initial time
moment t=0.
The reproduction number shows how infectious the
illness is – bifurcation parameter, is calculated with the formula:
[14]
S β
r= 0 .
(2)
Nγ

A small change in the reproduction number r, could lead
to significant qualitative changes in the system, thus it is, in fact,
a bifurcation parameter for the dynamic SIR system, the
bifurcation taking place for r close to value 1, therefore:
– if r > 1, then function I, which represents the number of
infectious individuals, has an increase up to its maximum value,
after which its value decreases. In this case, the system forecasts
an epidemic;
– if r ≤ 1, then function I is monotonically decreasing,
from its initial value I(0) to lower values. In this case, the SIR
system shows that either there is no epidemic, or that the
epidemic is going to end.
In order to develop the mathematical model of the entropy
of rural tourism in the context of COVID-19, the author defined
the entropy associated to this concept, based on the entropy
formula established by Claude Shannon [15], which has been
used for numerous generalizations and applications.
Let the following probabilities be 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 =
𝒕
𝑷(𝒙𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 > 𝒂𝒌 ),
𝒌 = ̅̅̅̅̅
𝟏, 𝟕;
𝒑𝒕𝒊,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 =
𝑷(𝒙𝒕𝒊,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 > 𝒃𝒊 ), 𝒊 = ̅̅̅̅̅
𝟏, 𝟒 ; 𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 = 𝑷(𝒙𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 >
𝒄𝒋 ), 𝒋 = ̅̅̅̅̅
𝟏, 𝟓, with which are obtained the economic,
environmental, and safety factors at time t at higher levels than
the real constants 𝒂𝒌 , 𝒃𝒊 , 𝒄𝒋 .
Let the following be the probability field of the economic
factors at time t:
𝒙𝒕𝟏,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄
𝒙𝒕𝟐,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄
… 𝒙𝒕𝟕,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄
),
𝒑𝒕𝟏,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄
𝒑𝒕𝟐,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 …
𝒑𝒕𝟕,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄
𝒑𝒕𝟏,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 + 𝒑𝒕𝟐,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 + ⋯ +
𝒑𝒕𝟕,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 = 𝟏. (3)

𝑭𝒆𝒄𝒐𝒏𝒕 : (

Let the following be the probability field of the
environmental factors at time t:
𝒙𝒕𝟏,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 … 𝒙𝒕𝟒,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍
),
𝒑𝒕𝟏,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍
… 𝒑𝒕𝟒,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍
𝒑𝒕𝟏,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 + … + 𝒑𝒕𝟒,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 = 𝟏. (4)

𝑭𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍𝒕 : (
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Let the following be the probability field of the safety
factors at time t:
𝒙𝒕𝟏,𝒔𝒂𝒇𝒆𝒕𝒚
𝒙𝒕𝟐,𝒔𝒂𝒇𝒆𝒕𝒚 … 𝒙𝒕𝟓,𝒔𝒂𝒇𝒆𝒕𝒚
𝑭𝒔𝒂𝒇𝒆𝒕𝒚𝒕 : ( 𝒕
),
𝒑𝟏,𝒔𝒂𝒇𝒆𝒕𝒚
𝒑𝒕𝟐,𝒔𝒂𝒇𝒆𝒕𝒚 … 𝒑𝒕𝟓,𝒔𝒂𝒇𝒆𝒕𝒚
𝒑𝒕𝟏,𝒔𝒂𝒇𝒆𝒕𝒚 + 𝒑𝒕𝟐,𝒔𝒂𝒇𝒆𝒕𝒚 + … + 𝒑𝒕𝟓,𝒔𝒂𝒇𝒆𝒕𝒚 = 𝟏.
(5)

the organization according to their specifics and objectives and
according to the professional experience of the manager.
Proposition 1. H(𝑹𝑻𝒕 ) ≥ 𝟎 for any probabilities
𝒌 = ̅̅̅̅̅
𝟏, 𝟕; 𝒑𝒕𝒊,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 , 𝒊 = ̅̅̅̅̅
𝟏, 𝟒; 𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 ,
𝒊 = ̅̅̅̅̅
𝟏, 𝟓,
with
𝒑𝒕𝟏,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 + 𝒑𝒕𝟐,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 + ⋯ +
𝒕
𝒕
𝒑𝟕,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 = 𝟏, 𝒑𝟏,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 + 𝒑𝒕𝟐,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 + ⋯ +
𝒑𝒕𝟒,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 = 𝟏,
𝒑𝒕𝟏,𝒔𝒂𝒇𝒆𝒕𝒚 + 𝒑𝒕𝟐,𝒔𝒂𝒇𝒆𝒕𝒚 + ⋯ +
𝒑𝒕𝟓,𝒔𝒂𝒇𝒆𝒕𝒚 = 𝟏.
𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 ,

Definition 1. The author defines the mathematical model
of the entropy of rural tourism in the context of COVID-19 at
time t as being an integral of the maximum entropy of the
economic, environmental and safety factors multiplied by the
function of stress caused by the COVID-19 pandemic at time t
(𝑺: [𝒕𝟎 , 𝒕𝟏 ] → [𝟎, ∞), 𝑺 =S(t)), with the formula:

Proof of Proposition 1. Based on the agreement that 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 𝐥𝐧 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 is equal to zero for 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 =0;
−𝒑𝒕𝒊,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 𝒍𝒏𝒑𝒕𝒊,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 is equal to zero for
𝒑𝒕𝒊,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 =0; −𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 𝒍𝒏𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 is equal to zero for
𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 =0, and the fact that the probabilities are quantities less
than or equal to 1, thus their natural logarithms are negative, the
observation is correct.

H(𝑹𝑻𝒕 ) =
− ∑𝟕𝒌=𝟏 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 𝒍𝒏 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 ,
𝒕𝟏
𝟒
𝒕
𝒕
∫𝒕 𝒎𝒂𝒙 {− ∑𝒊=𝟏 𝒑𝒊,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 𝒍𝒏 𝒑𝒊,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 ,} ×
𝟎

− ∑𝟓𝒋=𝟏 𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 𝒍𝒏 𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚
× 𝑺(𝒕) 𝒅𝒕 .

(6)

Proposition 2. For any probabilities 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 , 𝒌 =
̅̅̅̅̅
𝟏, 𝟕;
𝒑𝒕𝒊,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 , 𝒊 = ̅̅̅̅̅
𝟏, 𝟒, 𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 , 𝒋 = ̅̅̅̅̅
𝟏, 𝟓, with
𝒕
𝒕
𝒑𝟏,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 + 𝒑𝟐,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 + ⋯ +
𝒑𝒕𝟕,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 =
𝟏, 𝒑𝒕𝟏,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 + … +
𝒑𝒕𝟒,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 =
𝒕
𝒕
𝟏, 𝒑𝟏,𝒔𝒂𝒇𝒆𝒕𝒚 + 𝒑𝟐,𝒔𝒂𝒇𝒆𝒕𝒚 + ⋯ + 𝒑𝒕𝟓,𝒔𝒂𝒇𝒆𝒕𝒚 = 𝟏, we have

In order to correctly define H(𝑹𝑻𝒕 ), we will agree that
𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 𝒍𝒏 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 is equal to zero for 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 = 0;
𝒑𝒕𝒊,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 ln 𝒑𝒕𝒊,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 is equal to zero for
𝒑𝒕𝒊,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 = 0; − 𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 𝒍𝒏 𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 is equal to zero for
𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 = 0; which means that the function −𝒙 𝒍𝒏 𝒙 is extended

𝒕𝟏

H(𝑹𝑻𝒕 ) ≤ 𝒍𝒏𝟕 ∫𝒕 𝑺(𝒕) 𝒅𝒕 .
𝟎

by continuity in x = 0.
By defining the mathematical model of the entropy of
rural tourism in the context of COVID-19 at time t, we can
quantify the uncertainty regarding the preference for this type of
tourism. If there is high uncertainty, the preference for rural
tourism is low. Even more so, if uncertainty is heightened by a
stress factor.
The author proposes the mathematical model of the
entropy of rural tourism in the context of COVID-19 at time t
with the formula system (6) - (14) as being composed of the
formula for the entropy of rural tourism in the context of
COVID-19 at time t from the interval [t0, t1], multiplied by the
function of stress caused by the COVID-19 pandemic at time t
[16] (𝑺: [𝒕𝟎 , 𝒕𝟏 ] → [𝟎, ∞)), to which the author added a
restriction related to the Shannon entropy of the safety factors:

Proof of Proposition 2. We use Jensen’s inequality as
inequality for real function, which is stated as follows:
Let 𝒇: [𝒂, 𝒃] ⟶ 𝑹 be a real function. This function is
concave if, for any 𝒙𝟏 , 𝒙𝟐 𝝐[𝒂, 𝒃] and any real constant λ𝝐[𝟎, 𝟏],
we have: 𝒇(𝝀𝜸𝟏 + (𝟏 − 𝝀)𝜸𝟐 ) ≥ 𝝀𝒇(𝜸𝟏 ) + (𝟏 − 𝝀)𝒇(𝜸𝟐 ).
We analyze the continuous and concave function
𝒇: [𝒂, 𝒃] ⟶ 𝑹, 𝜸𝟏 , … , 𝜸𝒏 from the range [𝒂, 𝒃] and the real
numbers 𝛌𝟏 , … , 𝛌𝒏 ≥ 𝟎 with ∑𝒏𝒌=𝟏 𝛌𝒌 = 𝟏. Jensen’s inequality
establishes the following relation:
𝒇(∑𝒏𝒌=𝟏 𝛌𝒌 𝜸𝒌 ) ≥ ∑𝒏𝒌=𝟏 𝛌𝒌 𝒇(𝜸𝒌 ).
(15)
We will apply this inequality to:
• the concave and continuous function 𝒇(𝜸) = −𝜸 𝒍𝒏 𝜸,
• [𝒂, 𝒃] = [𝟎, 𝟏],
• 𝒏 = 𝟕,
• (𝜸𝟏 , … , 𝜸𝟕 ) = (𝒑𝒕𝟏,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 ,
, … , 𝒑𝒕𝟕,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 ), 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 𝝐[𝟎, 𝟏] 𝒌 = 𝟏, … , 𝟕,

− ∑𝟑𝒔=𝟏 𝒑𝒕𝒔,𝒔𝒂𝒇𝒆𝒕𝒚 𝒍𝒏 𝒑𝒕𝒔,𝒔𝒂𝒇𝒆𝒕𝒚 ≤ 𝜶,
(7)
𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 =
𝑷(𝒙𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 > 𝒂𝒌 ), 𝒌 = ̅̅̅̅̅
𝟏, 𝟕,
(8)
𝒑𝒕𝒊,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 =
𝑷(𝒙𝒕𝒊,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 > 𝒃𝒊 ), 𝒊 = ̅̅̅̅̅
𝟏, 𝟒,
(9)
𝒕
𝒕
̅̅̅̅̅
𝒑𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 = 𝑷(𝒙𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 > 𝒄𝒋 ), 𝒔 = 𝟏, 𝟓,
(10)
𝒑𝒕𝟏,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 + 𝒑𝒕𝟐,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 + ⋯ +
𝒑𝒕𝟕,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 = 𝟏(11)
𝒑𝒕𝟏,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 + … + 𝒑𝒕𝟒,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 = 𝟏,
(12)
𝒕
𝒕
𝒕
𝒑𝟏,𝒔𝒂𝒇𝒆𝒕𝒚 + 𝒑𝟐,𝒔𝒂𝒇𝒆𝒕𝒚 + ⋯ + 𝒑𝟓,𝒔𝒂𝒇𝒆𝒕𝒚 = 𝟏,
(13)
𝒂𝒌 , 𝒃𝒊 , 𝒄𝒋 𝜶 ≥ 𝟎.
(14)

𝟏

𝟏

𝟏

𝟕

𝟕

𝟕

• (𝛌𝟏 , … , 𝛌𝟕 ) = ( , … , ), ∑𝟕𝒌=𝟏 𝛌𝒌 = ∑𝟕𝒌=𝟏 = 𝟏.
We have
𝟏

𝟏

−(∑𝟕𝒌=𝟏 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 ) 𝐥𝐧( ∑𝟕𝒌=𝟏 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 ) −
𝟕
𝟏
∑𝟕𝒌=𝟏 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄
𝟕

𝟕

𝐥𝐧 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 .

This means that:
𝟕

𝟕

𝟏
𝟏
− (∑ 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 )( 𝐥𝐧 ∑ 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 )
𝟕
𝟕
𝒌=𝟏

The assessment of the model can be done by successively
applying it at different times t. The model has the advantage that
it can be easily understood and applied also by individuals who
do not have a strong mathematical background. The constants
from the proposed model can be chosen by the management of

𝟕

𝒌=𝟏

𝟏
≥ − ∑ 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 𝐥𝐧 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄
𝟕
𝒌=𝟏

As ∑𝟕𝒌=𝟏 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 = 𝟏, it implies that:
𝟏

− ∑𝟕𝒌=𝟏 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 𝒍𝒏 𝒑𝒕𝒌,𝒆𝒄𝒐𝒏𝒐𝒎𝒊𝒄 ≤ −𝒍𝒏 = ln 7.
𝟕
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obtained equality with the common term, will imply the fact that
H(𝑹𝑻𝒛 ) is an exponential function:
H(𝑹𝑻𝒛 ) = (1 + 𝑐)𝑯(𝑹𝑻𝒛−𝟏 )
H(𝑹𝑻𝒛−𝟏 ) = (1 + 𝑐)𝑯(𝑹𝑻𝒛−𝟐 )
...........
H(𝑹𝑻𝟏 ) = (1 + 𝑐)𝑯(𝑹𝑻0 )
----------------------------------H(𝑹𝑻𝒛 )𝑯(𝑹𝑻𝒛−𝟏 ) … 𝑯(𝑹𝑻𝟏 ) = (1 +
𝑧+1
𝒛−𝟏 )𝑯(𝑹𝑻𝒛−𝟐 )
𝑐) 𝑯(𝑹𝑻
… 𝑯(𝑹𝑻𝟎 )|: 𝑯(𝑹𝑻𝒛−𝟏 ) … 𝑯(𝑹𝑻1 ),
H(𝑹𝑻𝒛 ) = (1 + 𝑐) 𝑧 𝑯(𝑹𝑻0 ).
(17)

We apply inequality (15) to:
• the concave and continuous function 𝒇(𝜸) = −𝜸 𝒍𝒏 𝜸,
• [𝒂, 𝒃] = [𝟎, 𝟏],
• 𝒏 = 𝟒,
• (𝜸𝟏 , … , 𝜸𝟒 ) = (𝒑𝒕𝟏,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 ,
, … , 𝒑𝒕𝟒,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 ), 𝒑𝒕𝒊,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 𝝐[𝟎, 𝟏] 𝒊 = 𝟏, … , 𝟒,
𝟏

𝟏

𝟏

𝟒

𝟒

𝟒

• (𝛌𝟏 , … , 𝛌𝟒 ) = ( , … , ), ∑𝟒𝒊=𝟏 𝛌𝒊 = ∑𝟒𝒊=𝟏 = 𝟏.
We have:
𝟏

− ∑𝟒𝒊=𝟏 𝒑𝒕𝒊,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 ) ≥
𝟒

𝟏

− ∑𝟒𝒊=𝟏 𝒑𝒕𝒊,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 𝐥𝐧 𝒑𝒕𝒊,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 .
𝟒

This means that:
𝟒

𝟒

𝒌=𝟏
𝟒

𝒌=𝟏

The exponential model (17) is a discrete model. However,
even in continuous time, if we consider the variation of the
entropy from one day to another proportional to the entropy from
the previous day, with the proportionality factor a, we achieve
yet again an exponential model. Thus, we obtain the differential
equation verified by the entropy of rural tourism:

𝟏
𝟏
− (∑ 𝒑𝒕𝒌,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 )( 𝐥𝐧 ∑ 𝒑𝒕𝒌,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 )
𝟒
𝟒
𝟏
≥ − ∑ 𝒑𝒕𝒌,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 𝐥𝐧 𝒑𝒕𝒌,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍
𝟒
𝒌=𝟏

As ∑𝟒𝒌=𝟏 𝒑𝒕𝒌,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 = 𝟏, it implies that:
− ∑𝟒𝒌=𝟏 𝒑𝒕𝒌,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 𝒍𝒏 𝒑𝒕𝒌,𝒆𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍

∆𝑯(𝑹𝑻𝒕 )

𝟏

∆𝑡

≤ −𝒍𝒏 = ln 4.

𝑑𝑯(𝑹𝑻𝒕 )

𝟒

Then we apply Jensen’s inequality to:
• the concave and continuous function 𝒇(𝜸) = −𝜸 𝒍𝒏 𝜸,
• [𝒂, 𝒃] = [𝟎, 𝟏],
• 𝒏 = 𝟓,
• (𝜸𝟏 , … , 𝟓) = (𝒑𝒕𝟏,𝒔𝒂𝒇𝒆𝒕𝒚 ,
, … , 𝒑𝒕𝟓,𝒔𝒂𝒇𝒆𝒕𝒚 ), 𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 𝝐[𝟎, 𝟏] 𝒋 = 𝟏, … , 𝟓,
𝟏

𝟏

𝟏

𝟓

𝟓

𝟓

𝑑𝑡

= 𝑎𝑯(𝑹𝑻𝒕 ),
𝑑𝑯(𝑹𝑻𝒕 )
𝑯(𝑹𝑻𝒕 )

𝑙𝑛|𝑯(𝑹𝑻

𝒕 )|

= 𝑎𝑑𝑡,

= 𝑎𝑡 + 𝑙𝑛𝑘 = 𝑙𝑛𝑒 𝑎𝑡 + 𝑙𝑛𝑘 = 𝑙𝑛𝑘𝑒 𝑎𝑡 , k>0,
𝑯(𝑹𝑻𝒕 ) = 𝑘𝑒 𝑎𝑡 , 𝑘 ≠ 0,
𝑯(𝑹𝑻0 ) = 𝑘𝑒 𝑎×0 = 𝑘 = 𝐻0 ,

therefore

We have:
𝟏
𝟏
−(∑𝟓𝒋=𝟏 𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 ) 𝐥𝐧( ∑𝟓𝒋=𝟏 𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 ) ≥
𝟏

(18)

𝑯(𝑹𝑻𝟎 ) = 𝐻0 (𝑎 𝑛𝑜𝑛𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑟𝑒𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟),

• (𝛌𝟏 , … , 𝛌𝟓 ) = ( , … , ), ∑𝟓𝒋=𝟏 𝛌𝒋 = ∑𝟓𝒋=𝟏 = 𝟏

𝟓

= 𝑎𝑯(𝑹𝑻𝒕 ),

𝑯(𝑹𝑻𝒕 ) = 𝐻0 𝑒 𝑎𝑡 .

𝟓

∑𝟓𝒌=𝟏 𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 𝐥𝐧 𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 .

3. CONCLUSIONS

𝟓

The mathematical model of the entropy of rural tourism
in the context of COVID-19 at time t can highlight uncertainty
related to the strong or weak points of rural tourism
organizations, in order for them to cope with the crisis and to
develop measures to increase the preference of tourists for their
rural tourism, depending on different optimistic (more relaxed
measures) or pessimistic (lockdown, strict measures against the
spread of COVID-19, etc.) scenarios for the chosen region.
Rural tourism has created its own emerging market,
characterized by factors with specific action and heterogeneous
elements. The quality of touristic products and services is
intended to become an element of competitive differentiation.
In order to continuously monitor and improve the quality
of rural and touristic products, tourism organizations should take
into consideration environmental, economic, and safety factors,
as well as the tourist satisfaction, perception, and expectations.
The model presented in this paper reflects the entropy of
this type of tourism and a differential equation verified by this
entropy, and it can be generalized and applied to any epidemic.
The model could be used by specialists in quality management
and mathematical modeling, managers of rural tourism
organizations, local authorities, to estimate the entropy
regarding how rural tourism has been and is still impacted by the
COVID-19 pandemic. The results obtained will help policy
makers take necessary strategic and operational decisions, along
with maximizing the profit of the rural tourism organization as
well as the safety of the tourists.

This means that:
𝟓

𝟓

𝒋=𝟏

𝒋=𝟏
𝟓

𝟏
𝟏
− (∑ 𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 )( 𝐥𝐧 ∑ 𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 )
𝟓
𝟓
𝟏
≥ − ∑ 𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 𝐥𝐧 𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 .
𝟓
𝒋=𝟏

As ∑𝟓𝒋=𝟏 𝒑𝒕𝒋,𝒆𝒔𝒂𝒇𝒆𝒕𝒚 = 𝟏, it implies that:
𝟏

− ∑𝟓𝒋=𝟏 𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 𝒍𝒏 𝒑𝒕𝒋,𝒔𝒂𝒇𝒆𝒕𝒚 ≤ −𝒍𝒏 = ln 5.
Thus, we have H(𝑹𝑻𝒕 ) ≤
𝒕𝟏

𝟓

𝒕𝟏

𝒎𝒂𝒙 {𝒍𝒏𝟕, 𝒍𝒏𝟒, 𝒍𝒏𝟓} ∫𝒕 𝑺(𝒕) 𝒅𝒕 = 𝒍𝒏 𝟕 ∫𝒕 𝑺(𝒕) 𝒅𝒕.
𝟎
𝟎
If we denote by H(𝑹𝑻𝒛 ) the entropy of rural tourism on
day z, with z from the interval [𝒕𝟎 , 𝒕𝟏 ], then the variation of the
entropy from day z to day z + 1, meaning ∆𝑯(𝑹𝑻𝒛 ), is
proportional to the entropy from day z. Thus, it is equal to a
proportionality factor c, multiplied by H(𝑹𝑻𝒛 ):
∆𝑯(𝑹𝑻𝒛 ) = 𝑐𝑯(𝑹𝑻𝒛 ),
(16)
which means that the difference between the entropy from day
z + 1 and day z is
H(𝑹𝑻𝒛+𝟏 ) − 𝑯(𝑹𝑻𝒛 ) = 𝑐𝑯(𝑹𝑻𝒛 ),
thus,
H(𝑹𝑻𝒛+𝟏 ) = (1 + 𝑐)𝑯(𝑹𝑻𝒛 ).
Writing this relation for H(𝑹𝑻𝒛 ), 𝑯(𝑹𝑻𝒛−𝟏 ), … , 𝑯(𝑹𝑻1 )
we obtain the following equalities, which, after multiplying
them and then dividing the left and right members of the
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