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Abstract. The objective of this article is to analyze the management of Covid-19 from a socio-environmental
perspective, with a scientific, holistic and adaptive approach. On March 16 of 2020, the Peruvian government
began to implement measures to slow the spread of the virus and allow time to strengthen the public health
system and after 9 months the results have placed the country among the first places in the mortality rate
world level. The basic lines of action of the Peruvian government have been focused on: reducing crowds,
stocking up with hospital supplies and detecting infected. However, we identified that the actions
corresponding to such basic lines lacked scientific support, were academically biased and inappropriate to the
context. Our analysis has been accompanied by proposals that should have been applied in the initial phase
of the proliferation of the virus, each of these proposals are designed based on scientific interdisciplinarity
and adapted to the geographical and cultural heterogeneity of Peru. It is concluded that decision making must
be in accordance with the different realities of the country and that since it is a diverse country, these decisions
must be approached seeking the benefit of the entire population.

1 Introduction

On January 7 of 2020, China declares to have discovered
the cause of the disease and calls it Wuhan Coronavirus.
On March 11 of 2020, the director of the World Health
Organization-WHO, Tedros Adhanom declared the new
coronavirus a pandemic [1].

Until December 15 of 2020 there are 36 754 deaths and
986 130 infected [2] Peru has the second highest death rate
per million inhabitants in the world. It is visible that many
of the governments measures have not withstood the rigor
of scientific analysis, for this reason it was decided to
propose socio-environmental management proposals
based on the characteristics of the socioecological systems
and that should have been implemented before and during
the arrival of Covid-19 to Peru, to control the proliferation
of the virus in the country and reduce negative
socioeconomic impacts.

The proposals had to be presented to the Peruvian
population between January 21 and the first days of
February, since on those dates the first cases of Covid-19
were reported in Europe. The objective is to contain the
spread of the virus and avoid a total quarantine, since 75%
of the economically active population in Peru is informal
[3], so paralyzing the economy is not something feasible
for our country.

2 Methodology

The proposals arise from the analysis of socioecological
systems-SES analysis to which Elinor Ostrom, Nobel Prize
in Economics in 2009, contributed decisively. This
methodology helps in the analysis of the variables that are
part of a holistic framework to approach the understanding
of complex and multilevel systems, allowing decision
makers at some level of government to carry out integrated
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management of specific problems in a socioecological
context [4]. Table 1 is the network of variables and sub
variables to analyze a socioecological system.

We selected the SES framework as a tool to diagnose
the sustainability of socioecological systems because it
provides a systematic and comprehensive method to define
attributes of that system and to identify those that may be
associated with outcomes of interest. To build a
classification system that identifies significant variables
that influence the management of the coronavirus in Peru.

Interdisciplinary approaches that integrate
socioeconomic data with information from the public
health system have rarely been used to understand the links
between health factors and outcomes of government
decisions.

In this analysis we highlight some variables, which
were developed by Elinor Ostrom, which have not been
considered by the management of the national government
and will therefore be the basis for these proposals.

3 Proposals

Socioecological systems, due to their social and ecosystem
dimensions, are characterized by being complex, multi-
variable, non-linear, multi sectoral and in constant change.
Due to these characteristics, optimal socio-environmental
management must be holistic and interdisciplinary [4], it
requires that policy makers adopt a learning process,
instead of imposing final solutions and that it be an
adaptive management in time and in the space [5].

The proposals described below were conceived taking
into account the characteristics of an optimal socio-
environmental management and to be applied in the time
interval between January 21 and the first days of February
2020.
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Table 1. Network of variables and subvariables to analyze a socioecological system.
Fuente: Ostrom 2007

Social, Economic, and Political Settings (S)

S1- Economic development. S2- Demographic trends. S3- Political stability. S4- Government
settlement policies. S5- Market incentives. S6- Media organization

https://doi.org/10.1051/e3sconf/202125903003

Resource System (RS)

Governance System (GS)

RS1- Sector (e.g., water, forests, pasture)

RS2- Clarity of system boundaries
RS3- Size of resource system

RS4- Human-constructed facilities
RS5- Productivity of system

RS6- Equilibrium properties

RS7- Predictability of system dynamics
RS8- Storage characteristics

RS9- Location

GS1- Government organizations

GS2- Non-government organizations
GS3- Network structure

GS4- Property-rights systems

GS5- Operational rules

GS6- Collective-choice rules

GS7- Constitutional rules

GS8- Monitoring & sanctioning processes

Resource Units (RU)

Users (U)

RU1- Resource unit mobility

RU2- Growth or replacement rate
RU3- Interaction among resource units
RU4- Economic value

RUS- Size

RUG6- Distinctive markings

RU7- Spatial & temporal distribution

Ul- Number of users

U2- Socioeconomic attributes of users
U3- History of use

U4- Location

US5- Leadership/entrepreneurship

U6- Norms/social capital

U7- Knowledge of SES/mental models

US- Dependence on resource

U9- Technology used

Interactions (I) ----> Outcomes (O)

I1- Harvesting levels of diverse users
12- Information sharing among users
13- Deliberation processes

14- Conflicts among users

I5- Investment activities

16- Lobbying activities

O1- Social performance measures (e.g.,
efficiency, equity, accountability)

02- Ecological performance measures (e.g.,
overharvested, resilience, diversity)

03- Externalities to other SESs

Related Ecosystems (ECO)

ECOI1- Climate patterns. ECO2- Pollution patterns. ECO3- Flows into and out of focal SES

In this study we have highlighted a set of variables and
sub variables that we consider relevant, linking them with
the available data on the social and economic
characteristics of Peru.

The sub variables used are detailed below:

- Within the Resource System variable, the sub variables
were used:
RS1 = Water (refers to access to drinking water)
RS4 = Human constructed facilities (based on the
capacity and availability of hospitals and hotels)

- Within the government system variable, the sub
variables were used:
GS1 = Government organizations (state institutions such
as the Peruvian Navy and the “Universidad Nacional de
Ingenieria”)

GS2 = Non-governmental organizations (private sector
institutions “Universidad Peruana Cayetano Heredia”)
GS7 = Constitutional rules (official name of the 2020
constitutional year and the constitutional reform
regarding the universal right of access to water)

Within the Resource Units variable, the sub variables
were used:

RUS = Size (number of medical devices, Intensive Care
Units-ICU beds and diagnostic tests)

Within the variable users, the sub variables were used:
Ul =Number of users (number of patients per ICU beds,
repatriated citizens and number of households in Peru)
U2 = Socioeconomic attributes of the users (access to the
public water network according to the area of residence)
U4 = Location (territorial identity)

- Within the results variable, the sub variables were used:
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Ol = Social Performance Measures (number of
repatriated passengers)

3.1 Acquisition of medical and hospital devices

The 9% of Gross Domestic Product-GDP (25 million
dollars) was allocated to the health sector, to strengthen
prevention, control and response systems against Covid-
19 [6]. However, the expenditure was destined for the
purchase of medical and hospital devices (personal
protective equipment, diagnostic tests, electromechanical
equipment, drugs, disinfectant material and beds in the
intensive care unit) that arrived late, in insufficient
quantities and in many cases did not reach health facilities,
there were also useless purchases, as in the case of
serological tests (rapid tests for Covid-19) that did not
help to quickly detect those infected.

The acquisition of medical and hospital devices had to
be carried out as a priority, as soon as there was
knowledge of the spread of the virus outside the Asian
borders. Likewise, the objective at the beginning of 2020
should have been the strengthening of the public health
system with the appropriate distribution of medical and
hospital devices, most of which had to be imported
initially, allowing time for the national industry to meet a
demand that was it would grow in the following months.

When monitoring the operationalized SES variables in
the analysis of the socio-environmental management of
Covid-19 in Peru, there was no evidence of correlation
between the constitutional norms (GS7), represented in
this case by the official name of the year 2020 “Year of
the universalization of health” [7], with the availability of
beds in the ICU (RUS), nor with the application of
molecular tests (RUS). The average monthly number of
patients in ICU beds was obtained by dividing the 37 000
deceased by 9 months after the Covid-19 [2], resulting in
4 111 potential patients per month (Ul). However, the
number of beds available in the ICU throughout the
country is 1 469, that is the demand was never met. On
the other hand, considering the importance of molecular
tests in the detection of people who carry the virus, we
find that there is an alarming disproportion between the 5
233 346 rapid tests and the 1 242 189 molecular tests
(RUS) [8], that is, a ratio of 4 to 1. Finally, a measure of
the social performance (O1) of the Covid-19 management
is the number of deaths per million inhabitants, which in
the Peruvian case is 1 110, the second highest figure in the
world [9].

3.2 Management of international social

displacement

The closure of the Peruvian borders was carried out on
March 17 of 2020, which caused some passengers to be
stranded outside Peru, for which a repatriation plan should
have been executed establishing health protocols
accompanied by a molecular test. Taking into account the
aforementioned, the borders had to be closed as of January
21 and establish a period of 10 days for those who need to
travel.

It is worth mentioning that Peru has 11 international
airports [10], including Lima, where almost 1/3 of the
Peruvian population is concentrated, this being one of the
main sources of infection for which passengers had to be
segregated using the available airports.

When monitoring the operationalized SES variables in
the analysis of the socio-environmental management of
Covid-19 in Peru, the criterion of taking into account the
cities with the highest number of facilities built by
humans (RS4) was not considered for the selection of
places for the return of returnees, facilities such as
hospitals and hotels.

The main cities that have these infrastructures are
Lima with a total of 206 hospitals and a hotel capacity that
can accommodate 123 177 people; the city of Cusco has
20 hospitals and a hotel capacity that can house 47 711
people while the city of Arequipa has 24 hospitals and a
hotel capacity that can house 30 181 people [11]. These
facilities should have been sufficient to satisfy the number
of users or returnees (Ul), which were approximately 30
000 people [12], characterized by having a territorial
identity or location affinity (U4) in Peru (born in Peru,
residents or with relatives within the national territory).

As a measure of social performance (O1) left by the
Peruvian government, 30 000 citizens were repatriated
over 5 months [12]. In other words, there was an
underutilization of the installed capacity to safely house
the returnees and a delay in the repatriation process.

3.3 Management of social displacement at the
national level

The Political Constitution of Peru [13] in article 2,11 says
that: “Everyone has the right to choose their place of
residence, to transit through the national territory and to
leave and enter it, except for limitations for reasons of
health or due to judicial order or by application of the
immigration law”. Free transit through Peruvian territory
can be restricted for health reasons.

Lima has more passenger traffic in interprovincial
transport [14] so preventing interprovincial transport
caused thousands of Peruvians to not be able to return to
their place of origin and that people who had to travel to
the capital for medical treatment were left stranded.
Therefore, it is proposed that people who wish to return to
a city in the interior of the country register in a registry,
so that they can take a molecular test that detects the
presence of the virus in the patient [15]. Each passenger
who is going to travel and who is going to leave the cities
of Lima, Arequipa, Cusco, Chiclayo, Trujillo, Pisco, Piura,
Talara, Iquitos, Juliaca and Tacna must go through this
test since these cities have an international airport.

The time it takes for the results to be released, the
passenger must isolate himself to avoid contagion, for that
the Pan American Village can be made available in the
case of the city of Lima, which is a large departmental
complex, which has capacity For 9 500 users and in the
other cities the different hotels can be used, the Peruvian
State is the one that must take charge of both the
molecular test and the stay of the people.
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The control of interprovincial roads should have been
in charge of the Ministry of Health-MINSA,
Superintendence of land transportation of people, cargo
and merchandise-SUTRAN and of the National Police of
Peru-PNP, in order to improve the control of uninfected
passengers.

3.4 Encourage the initiatives of civil
organizations and the state

The organic law of the base of decentralization, Law No.
27867 indicates that regional governments can be
autonomous so that they develop strategies that do not
affect the sustainability of families and that of small,
medium and large companies [16]. Ensuring the
transparency of the development of these strategies, the
central government (the highest level of government of
the Executive Branch) had to negotiate agreements with
civil organizations and the State (Non-Governmental
Organization-NGO, churches, Armed Forces,
Universities) to promote projects that provide social aid
together to regional governments, and under the
supervision of the National Superintendency of Customs
and Tax Administration-SUNAT [17]. According to the
Peruvian Agency for International Cooperation-APCI
annual report for 2017 there are 2 334 registered entities
[18]. It is proposed that the Government of Peru support
logistics and economically so that the initiatives reach the
population that needs it.

The analysis of the socio-environmental management
of Covid-19 in Peru was carried out from the monitoring
of the operationalization of the SES wvariables; in this
sense, the Government of Peru did not consider the
initiatives of governmental organizations (GS1) as the
Peruvian Navy who built and delivered artificial
respirators to Naval Hospital, these respirators were called
“Samay” [19]. There is also the initiative of the
“Universidad Nacional de Ingenieria” (GS1) where a
research team designed ‘“VentUNI” which is a
complementary device to the non-invasive oxygenator
[20]. The initiatives of non-governmental organizations
(GS2) were also not considered, such as the “Universidad
Peruana Cayetano Heredia” where the molecular biologist
Edward Malaga together with his research team, they
developed a rapid molecular test using spittle samples to
detect the coronavirus [21]. Finally, the amount of
population (O1) that could benefit from the industrial
production of respirators could have reduced the 37 000
deaths over the 9 month pandemic [2] and from the
industrial production of rapid molecular tests the 5 233
346 rapid tests purchased by the Government of Peru [§]
could have been replaced to increase the efficiency in the
detection of virus transmitters.

3.5 Classes closure based on contagion by
province

Education in Peru is the most prioritized fundamental
right, with more than 9,9 million Peruvian students
according to the census of the National Institute of
Statistics and Informatics-INEI [22]. The objective is to

close the educational gap in Peru, there are still
unavoidable challenges due to the reality of the country,
there is a clear margin of difference in access to the
different media since according to the INEI, only 39% of
households national level has internet access and in rural
areas only 5% [23].

It is proposed that the country educational institutions
suspend normal classes according to the number of Covid-
19 infections that exist in each region, having proposed as
an initiative a focused teaching model according to the
regional scope, which by competence corresponds to
regional governments and ministries.

Article 36 of the organic law of the decentralization
base No. 27 867, establishes and regulates the structure,
organization, powers and functions of regional
governments and ministries [16]. One of the shared
functions is the “Education and management of
educational services of initial, primary, secondary and
higher non-university level, with intercultural criteria
aimed at promoting training for development”.

If a focused or distance learning model had been
proposed with the availability of technological means to
allow education to be carried out in person or virtual in
cities, according to the risk analysis report of each region.
The risk of contagion in rural areas is lower than in urban
areas, due to population density. Teaching positions in
rural areas are occupied by professionals who are
generally not residents of the area, the transfer of teachers
from outside the rural areas in a health emergency should
have been given with the logistics that the Armed Forces
have mobility, lodging and even food, complementing the
already well known facilities that native or peasant
communities provide to the teachers who work there.

3.6 Implement security measures in

transportation systems

According to the census carried out in 2017 by the INEI

[24] the transport sector employs more than 1,2 million

people, which is why this sector was affected by a

pandemic.

When this service was closed, there was a
considerable rate of unemployed people which caused
society to see the need to develop autonomous activities
without complying with any type of preventive measure,
that is why the transport units had to take the following
measures to adapt this proposal would have entered into
force 10 days after the first case of Covid-19 was known
in Peru.

- Increase transport units, generating employment in
addition to giving more options for users to travel,
respecting the social distancing of one meter as
recommended by the WHO, for that it is necessary
for transport units to reduce their capacity, on the
basis of this absence of passengers by 50% with the
increase in tickets so that the transport unit does not
need to complete its capacity and respect this
guideline, in addition to allowing the unit to access
services such as periodic fumigation and the
acquisition of personal protective equipment.
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- According to the studies carried out by Van
Doremalen, the virus can remain in copper for up to
04 hours [25], considering that the coins are
composed of the alloy of this metal and other
minerals, it would be appropriate to avoid spreading
the virus by means of coins, using virtual collection
applications that allow payment to be made through
the QR code [26] in such a way that there is no
contact, but in the case of the population that does not
have an electronic device, they will still be able to
make the payment with coins since the transport
collectors will follow a sanitary protocol to carry out
the payment transaction.

3.7 Supply of hygiene kits and drinking water

Between 7 and 8 million Peruvians do not have access to
drinking water [27]. One of the difficulties is the
economic gaps that exist to obtain drinking water, which
affect families with fewer resources.

A study revealed that on average the families of
human settlements consume 3,9 cubic meters of water per
month for which they pay about 88 soles [28], due to this
problem it is proposed that the Peruvian Government
supply water by means of tanker trucks accompanied of
personal hygiene kits, since this is essential to be able to
contribute to limiting the spread of the virus, for this, kits
would be delivered that would include: soaps, plastic
bucket with dispenser and hermetic seal, bottle with
alcohol and disinfectant cloths.

Previously, it was mentioned that the Peruvian
Government should have agreements with organizations
(NGOs, churches, universities and the armed forces), so
the government should assign them a budget for the
acquisition of kits which would be distributed by those in
charge of these organizations. The toilet kits should be
distributed to 28% of the rural population that still does
not have water service from the public network [29].

When monitoring the operationalized SES variables in
the analysis of the socio-environmental management of
Covid-19 in Peru, the lack of drinking water resource
(RST1) is shown in certain sectors of the national territory,
despite what is established in the constitutional rules (GS7)
Law No. 30588 “Law of constitutional reform that
recognizes the right of access to water as a constitutional
right” [30]. The number of potential users (Ul) that
should have access to the public network is 8 252 284
households [31] and according to their socioeconomic
attribute (U2), 87,8% of the urban sector and 72% of the
rural sector have access to water supply through the public
network [29]. However, as a measure of social
performance (O1), the efforts made by the government
managed to provide access to drinking water to only 67,4%
of households [32]. That is to say, the lack of drinking
water for a significant sector of the population was a
disadvantage in reducing the transmission of the virus.

4 Conclusions

After analyzing the management of the Peruvian
Government against Covid-19, it is concluded that the

decision making should be developed based on an
academic scientific perspective, such as the analysis of
socioecological systems for optimal socioenvironmental
management. In this way, human freedoms in the country
would have been prevented from being violated due to an
inefficient quarantine that affected all productive sectors,
ceasing to produce 30 000 million dollars in 3 and a half
months of economic paralysis that mainly affected 75 %
of the economically active population which is informal.

The proposals can be used as a background since it is
part of continuous learning, however, the measures to be
taken in the future must be appropriate to the situation of
time and space, trying to involve different disciplines that
are related and have a scientific basis.

Prevention is the best measure to avoid extreme
situations such as those faced by Peru, having bought
security implements for the health sector and molecular
testing before the arrival of Covid-19, closing the borders
and controlling the entry of Peruvians to prevent the virus
from entering to Peru, restricting interprovincial transit to
the interior of the country, preventing proliferation
throughout the national territory by testing people who
wanted to return to their cities of origin, giving autonomy
to regional governments to manage the health measures
and regulations for economic and productive activities
that are appropriate to its jurisdiction, avoiding the
suspension of normal classes, mainly in rural areas,
doubling the number of vehicles, avoiding the generation
of infectious sources and guaranteeing access to water
drinkable to all Peruvians to maintain hygiene and
cleanliness, it could have been control the proliferation of
the virus avoiding the suspension of economic activities.

An optimal socioenvironmental management is
characterized by a holistic approach to the problem and
therefore the interdisciplinary nature is essential, as well
as constant learning and adaptation to the dynamics of the
socioecological system. The proposals put forward in this
article respond precisely to the characteristics of an
optimal socioenvironmental management and should be
established in a preventive manner, being essential to
apply them in the initial phase of the proliferation of the
virus, considering the possibility of new epidemics
reaching Peru.
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