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Abstract

Simulation results on the employment resilience under a health emergency environment in Colombia South Ame-
rica are presented. The system is characterized by identifying the different relevant variables which are reflected
in the causal and Forrester diagrams simulated through the VENSIM PLE x64 program. Results show a resilient in
the employment variable behaviour in terms of entrepreneurship and new companies generation, which reflects a
potential economic development in the country under an uncertainty scenario. On the other hand, model accuracy
is influenced by indicators changes along simulation time included in the analysis. Finally, it is concluded that the
employment behaviour under the health emergency panorama is fluctuating but tends to increase in the last mon-
ths in the time horizon simulation. However, it is highlighted that this situation can take another path if decision
making is not adequate.

Resumen

Se presentan resultados de simulacidn sobre la resiliencia del empleo en un entorno de emergencia sanitaria
en Colombia Sudamérica. El sistema se caracteriza por identificar las diferentes variables relevantes las cuales
se reflejan en los diagramas causales y de Forrester simulados a través del programa VENSIM PLE x64. Los
resultados muestran un comportamiento resiliente en la variable empleo en términos de emprendimiento
y generacion de nuevas empresas, lo que refleja un potencial de desarrollo econémico del pais bajo un
escenario de incertidumbre. Por otro lado, la precisién del modelo esta influenciada por los cambios de los
indicadores a lo largo del tiempo de simulacion incluidos en el andlisis. Finalmente, se concluye que el com-
portamiento del empleo bajo el panorama de emergencia sanitaria es fluctuante pero tiende a incrementarse
en los Ultimos meses en el horizonte temporal de simulacién. Sin embargo, se destaca que esta situacion
puede tomar otro camino si la toma de decisiones no es la adecuada.
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Contribucioén

¢Por qué se realizo el estudio?

El estudio se realizé con el objetivo de medir el comportamiento en términos de resiliencia de la varia-
ble de empleo en términos de emprendimiento y generaciéon de nuevas empresas bajo un escenario
de incertidumbre, especificamente una emergencia sanitaria en Colombia.

éCuales fueron los resultados mas relevantes?

El empleo es una variable resiliente ante diferentes adversidades como emergencias sanitarias, ya que
se puede evidenciar un aumento considerable en el nimero de emprendimientos y empresas creadas
como respuesta a la situacion de desempleo. No obstante, es necesario precisar que en el estudio
realizado no se ha incluido el impacto de las politicas gubernamentales de estimulo al empleo, aspecto
que debera ser incluido en estudios posteriores.

é¢Qué aportan estos resultados?
El estudio de simulacién realizado se convierte en un referente para evaluar el comportamiento de

otras variables que inciden en el desarrollo econémico y social del pais, de tal forma que pueda ser
utilizado para orientar diferentes politicas publicas por parte del gobierno nacional.

Graphical Abstract
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Introduction

Employment is defined as the territory ability to offer all its population employability and
paid work. In this regard, employment is a relevant element in the economic and country
development terms. Employment variable is interrelated with important social welfare
indicators such as diet, education, and health, boosting industrial development. According to
(1), maintaining the growing trend in macroeconomic indicators is strategically important for
attracting investors to a country.

Covid 19 pandemic was a disruptive event which triggered a worldwide economic crisis, causing
a drastic increase in inequality within and between countries (2). In Latin America, the pandemic
caused the worst economic recession in the last 100 years, generating a contraction in the
region’s gross domestic product in 2020, which led to an increase in the number of people
living in poverty (3), thus leading many households to seek new employment alternatives in a
way which will guarantee a minimum income to ensure their food security.

Recently in the Colombian context, the health emergency decreed by COVID-19 has generated
an economic and social disruption as well individuals as organizations in the country, affecting
macroeconomic variables greatly. In this sense (4) remarked about economic uncertainty
caused by the health emergency and, economy decline translated as unemployment higher
levels, inequality and poverty. which makes it necessary to adopt a resilient position around
decisions to confront the health emergency. Resilience is understood as an individual or
institutional capacity to resist adversity, developing different strategies to emerge stronger
from said situation. Moreover (3-4) points as relevant to know prospectively the employment
behaviour under a pandemic situation in Colombian. In this research, employment resilience will
be analysed in terms of entrepreneurship and new companies generated in the context of covid
19 pandemic.

This research document aims to present a dynamic analysis regarding employment resilience
variable under a health emergency scenario in a developing country. Consequently, a current
problem brief description is addressed in the first instance, followed by a secondary sources
literary review to consolidate a conceptual framework. Later, different relevant variables are
identified in order to build causal and Forrester diagrams to simulation execution. Finally,
System behaviour conclusions are made as well as variable of interest recommendations.

Background and literature review

Employment is a dynamic variable that is subject to the constant economic fluctuation of a
country (7). It is then context and country-based and needs then to be addressed in relation to
spatial and socio-economic variables that can be specific of each context. Furthermore, each
element interrelated with it interacts in such a way that the entire system is affected, making
the global analysis of all those factors implicit in economic activity relevant. According with

(8) greater public investments allow a greater country economic growth, which includes the
generation of employment. In addition, (9) present a comparative economic behavior analysis
between Eurozone and United States of America. In both, great impact in unemployment was
a result of strict confinements. Mention the need to offer tax aid to companies and citizens,
due to the great jobs lost generated by the pandemic. Additionally, (10) analyze the consumers
purchasing behavior along 2020 and conclude that consumption goods and services changed
drastically due to unemployment. In the same way, Colombia is suffering the consequences
caused by pandemic, therefore, the different organizations and institutions included in the
country’s economic system are in uncertain.

Latin America experienced one of the largest economic contractions in its history due to the
pandemic, increasing unemployment and poverty conditions in the region (11). Similarly,
pandemic had major negative repercussions on employment and economic stability of small
and medium-sized enterprises, since, despite aid programs to ensure their survival, a large
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number of companies were forced to close (12). Likewise, (13) conducted a study to measure
resilience of rural Latin American populations to the covid 19 pandemic, where detected that
due to economic poverty of these regions, rural inhabitants were forced to undertake new
business opportunities to increase their cash flow.

Pandemic caused an economic recession in Colombia, forcing the definition of public policies to
address these problems, which, added to internal social and governmental instability, has halted
the country’s recovery (6). In accordance with the above, the national government

has taken different measures to control the spread of the pandemic; quarantines,

partial closures of different economic sectors and social isolation are among the
decisions made by the country’s leaders regarding the current situation. According

to (14) these strategies have become a turning point for economic development and

all its aggregates, since for a developing country the total or partial closure of sectors
generates a total setback in all indicators relevant to the proper functioning of an
economy. Similarly, (15) maintains that, since the start of the pandemic in March, until
the end of May, around 5 million jobs have been lost in Colombia, in turn pointing out
the criticality of this value regarding the economic future from the country.

In this sense, understanding employment as a variable sensitive to possible changes in
the different economic indicators, it is relevant to understand the total performance of
the system to analyze the behavior of the variable of interest under the scenario of a
health emergency. Due to all the above, the following research question is formulated:
Is employment a resilient variable in the face of economic changes produced by the
health emergency?

Employment has certain characteristics as they are; inclusive and sustainable
development, which is relevant to the economic evolution of society and the
improvement of the population’s quality of life through increased income. For (16)
employment can be assumed as the direct amount of work that varies depending on
the number of companies in each territory and period. For this reason, (17) exposes
the importance of explicitly maintaining the relationship between employment and
development, since paid work makes it possible to increase household income,
contributing significantly to the expansion and diversification of the economy. It is
important to highlight that monetary policy focuses on the combination of price
stability with the maximum sustainable growth of output and employment (18).
Consequently, (19) indicates that changes in reforms and some decisions taken on the
development of cities are closely related to the dynamism of employment, having a
considerable impact on trends in the short, medium, and long term. Meanwhile, (20)
points out that development without employment is an obstacle to the growth of
production since this shows fallacies regarding the distribution of income, indicating
once again that growth and employment feed off each other. Also (21), study the
employment offer and demand during pandemic in Moldova, that although there is

a migration to remote work, many jobs are lost, which requires government support
measures to avoid, major impacts on the economic development of that country. On
the other hand, (22) indicates employment as a resilient indicator in the face of crisis
situations, since the population looks for different ways to generate income when they
are in a recession position, being the creation of companies or entrepreneurship one of
the strategies most common to generate profit and in turn employment. For this reason
and understanding the importance of employment in the economic system, different
authors in the literature have focused their efforts on using different methodologies
and approaches that allow guaranteeing a calculation closely related to the real
situation of the variable of interest. Such is the case of (23), who exposes the dynamics
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of systems as an eminent and constructive tool that simplifies the analysis of the model
in different situations, based on the available knowledge regarding how its parts are
articulated, thus providing an adjusted result to reality based on the time spent. For
this reason, authors such as (24) use a system dynamics model to measure different
variables such as reemployment, layoff and job quit rates in different political scenarios,
to evaluate those strategies that contribute to employment generation within a country.

Methodology

The methodology should be organized as follows in figure 1, which consists of three
main phases: in first phase, an analysis of the context (Colombia employment during
COVID-19) is made, Subsequently, in the second phase, a causal diagram is constructed
to capture the different interrelationships that have the most relevant variables of the
system under study, here, the different influences that some aspects have on others are
analyzed, in such a way that the modeling and construction of the system simulation.
Finally, in third phase, based on different authors consulted in the literature, a Forrester
diagram is developed through the VENSIM PLE x64 simulation program to know the
results of the proposed system and made some conclusions about this situation.

Figure 1. Methodological proposal for the study. Source: authors

Results
Characterization

According to (25), covid 19 pandemic affected the employment and income of many
Colombians, especially those most vulnerable population groups, which depended to

a greater extent on informal jobs that were affected by decisions such as quarantines.
From this inconvenience, innovation and entrepreneurship strategies emerged as a
way to respond to the social and economic problems resulting from the pandemic

(26), which has directly reflected a recovery in the income level of the population (25).
These researches validate direct relationship which exists between employment and the
country’'s economic development and encourage a detailed analysis of how different
government decisions in terms of employment can affect the country’s recovery in a
post-pandemic era.

Causal loop diagram

It is relevant to know the system behavior in the short and medium term, since the
decisions taken under this situation entail different effects on the country economy.
According to (8-10) among others, different implicit variables in the economic activity
considered in the study must be, employment, number of companies, sales, production
and unemployment. In addition, the Susceptible-Infected-Recovered (SIR) Model to
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analyze the behavior of COVID-19 in Colombia is included. The variables behavior such
as, income generation, life quality improvement and social development in Colombia
were taken from sources such as (18). The above allows, configuring a causal diagram
to represents the system behavior and variables interrelationships. Figure 2.

Flu sympto ms
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Q Economic reactvation
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A Inflation

Engagement Q \
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Figure 2. Causal diagram on the different relevant economic variables and the influence
of Covid-19. Source: authors

According to the feedback loops shown in figure 2 and considering the different
causal interrelationships for interpretation, the following behaviors can be described:
An increase in social interaction causes greater flu symptoms in the population, in

the same way, this interaction generates a greater number of infected by COVID-19.
This consecutively produces greater social isolation, negatively affecting a possible
economic reactivation. If the system experiences a greater economic reactivation, an
increase in employment is expected, since, with greater commerce, it is estimated that
the number of employed persons will increase. Having a higher level of employment
causes an increase in the active population, considering that this indicator refers to the
sum of people employed with those who are looking for said opportunity. However, it
is necessary to consider consumption and a possible inflation derived from its increase,
since, by experiencing higher rates of employment and active population, a significant
increase in sales can be estimated, in turn, said increase has a significant impact on
positive in the number of units produced by each company, making it necessary to
increase the contracting margin to improve the capacity to respond to said sales.
Similarly, an increase in the number of sales causes a higher income to be received,
making the availability of capital for investment greater and, therefore, the number

of companies in the territory increases, making the country’s development increase
considerably. In turn, the foregoing causes a greater attraction of foreign investors,
considering this investment as part of the economic and business development of

the country. Having stated the above, variables causal relationships were defined to
represent the system'’s global behavior.

Forrester diagram

The initial simulation model has 32 months as a horizon time. It focuses from system
thinking as an analysis mode that allows evaluating all the interrelated parts in this
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economic model. Then analysis is supported in the system dynamics in order to
establish future performance based on the different interrelated variables behavior.

Taking as reference criteria presented in (27) four sets of variables were defined. Level
variables account for the situation state in terms of employment capacity (in number

of companies), actual employment/unemployment, production (and thus contribution
to the country’'s GDP) and population affected by COVID-19 or susceptible to be. Flow
variables such as new ventures, new companies, layoffs, companies close, engagements
and sales, represent the enter an exits in each level variable. Then auxiliary variables and
parameters were defined. (Appendix No. 1).

Production is analyzed in a Forrester diagram (Figure 3) on two representative level
variables: Production and total accumulated sales. In addition, the COVID-19 behavior
in Colombia is shown (figure 4) on base in SIR model (Susceptible, infected, recovered),
taken as a reference (Borbon, 2014). Likewise, three level variables as Companies,
Employment and Unemployment in (Figure 5), are analyzed, based on the Colombia
pandemic behavior. Finally, it should be noted that the data used to carry out the
equations of the Forrester diagram were taken from government information such as

(28).

Units per company

Productin % . Cumulative total sales
Production capacity 1____'_53\33

Cansumptmn nfected>
Figure 3. Forrester diagram of production behavior. Source: authors
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Contagion Recovery
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Figure 4. Forrester diagram of a suitable SIR model. Source: authors
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Figure 5. Forrester diagram of the employment resilience. Source: authors

After having raised the previous model, the simulation is carried out using the
VENSIM PLE x64 tool, for a time horizon of 32 months. In addition, the results of the
most relevant variables of the system and how they affect the variable of interest are

Companies closure

ered=
Unemployment

Engagement rate

exposed. The results can be seen in the following figures:

Infected

20 M
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Figure 6. Number of people infected in each period. Source: authors

In figure 6 an exponential increase in the number of people infected by COVID-19

can be observed, which reaches its maximum point between months 20 and 25. After
this, a notable decrease in infections and a possible projection can be identified of a
downward trend of these. This variable is of interest to the research because if there is
an increase in the number of infected persons, government finds necessary to establish
measures to restrict the population, which directly influences their ability to acquire

stable employment.

Recoverad

40 M

20 M
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Figure 7. Number of people recovered in each period. Source: authors
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According to figure 7, it can be inferred that the number of recovered responds to the
number of infected people, since as seen, this curve tends to continue increasing as
time passes. As the number of people recovered increases, the restrictions imposed
are reduced, making it possible for the population to have access to a decent job that
guarantees an income for their household.

Production
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Figure 8. Number of units produced. Source: authors

Regarding the production behavior shown in figure 8, a certain dynamism can be
observed in the period studied, since this variable is closely linked to the proposed SIR
model. For this reason, a slight decline in the number of units produced in month 5

is estimated, followed by a stable behavior with an upward trend due to the increase
in the number of recovered for this date. Finally, the graph indicates a considerable
increase in production from month 25. The increase in the country’s production
contributes to an improvement in the economy, which in turn impacts indicators such

as the rate of formal employment by companies.

Unemployment
&M
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Figure 9. Number of unemployed people. Source: authors

In figure 9, an increase in the number of unemployed people in the national territory
can be found, closely approaching the forecasts described by the different authors
mentioned in this research. For this graph, there is an initial value of 4 million 114
thousand unemployed people, which as time begins to increase until reaching a point
where the number is 6 million 481 thousand. It should be noted that these results are
linked to the effects of the pandemic on the Colombian economy.



Employment

30M

20M =

People

10 M

4] 5 10 15 20 25 30
Time (Month)

Figure 10. Number of people in employment. Source: authors

According to figure 10, a noticeable decline in the number of people employed can be
analyzed until month 24, after this, a slight increase in the indicator can be observed
from month 25. This graph shows the behavior of the employment under the effects of
the pandemic, since in relation to figures 1 and 2, a convergence is found in the critical
months for these variables.
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Figure 11. Number of new companies generated during simulation period. Source:
authors
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Figure 12. Number of new ventures generated during simulation period. Source:
authors

Regarding the variables of interest shown in figures 11 and 12, a resilient behavior

is clearly observed on the generation of entrepreneurships and new companies in

the national territory, said behavior can be explained as a response to the growth of
unemployment denoted in Figure 9, likewise, implicit in this dynamic is the behavior
of those infected by COVID-19 and people recovered from this virus, since causally it
is necessary that the greater the number of infected, the economic reactivation will be
less.
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Following this order of ideas, these graphs demonstrate the inherent capacity of the
Colombian population to resist different adversities from extraordinary situations, such
as the COVID-19 pandemic. On the other hand, it can be inferred that the generation

of employment through entrepreneurships and new companies will be increasing, since
the results presented above indicate that by month 32 the number of entrepreneurships
and new companies will be around 51,404 and 46929, respectively.

The results of variables like employment and new companies generated are validated
by the behavior of the post-pandemic Colombian economy in 2022, which reflects the
recovery of the pre-pandemic employability rate and an increase in different economic
indicators of the country.

Conclusions

The analysis of the behavior of a macroeconomic variable, such as employment,
generates a breadth of relevant information regarding the dynamism of the economic
system, since, as they are interrelated variables, the effects of different external or
extraordinary factors such as is the COVID-19 pandemic can cause a total disruption in
matters of planning and future control of the country’'s economic indicators.

On the other hand, it can be concluded that employment is a resilient variable in

the face of different adversities, since as indicated by the results presented above, a
considerable increase in the number of entrepreneurships and companies created in
response to the unemployment situation can be evidenced. In the same way and with
emphasis on the authors consulted above, the population looks for a way to generate
income from their own knowledge or skills, being the generation of entrepreneurships
or companies one of the most used strategies in terms of growth and job development.
It is also important to specify that the impact of government policies to stimulate
employment has not been included in the context of this analysis, an aspect that should
be included in subsequent studies.

Finally, it is recommended that countries with emerging economies consider the
behavior of the different variables set out in this article, to promote and adopt
strategies that allow generating a constant development of the different economic
indicators of the country when it is in a health emergency scenario.

References

1. Lai S, Li X, Liu S, Wang QS. Institutional investors' site visits and corporate
employment decision-making. J Contemp Account Econ [Internet]. 2022;18.
Available from: https://doi.org/10.1016/j.jcae.2022.100332

2. World Bank Group. Emerging risks to the recovery. In: World Development Report
2022: Finance for an Equitable Recovery. 2022. p. 49-73.

3. ONU. El impacto del COVID-19 en América Latina y el Caribe [Internet]. 2020.
Available from: https://unsdg.un.org/sites/default/files/2020-07/ES_SG-Policy-
brief-COVID-LAC.pdf

4, Abrardi L, Sabatino L. Ultra-broadband investment and economic resilience:
Evidence from the Covid-19 pandemic. Telecomm Policy [Internet].
2023;47(2):102480. Available from: https://doi.org/10.1016/j.telpol.2022.102480

5. Martinez L, Valencia I, Trofimoff V, Vidal N, Robles E, Duque JC, et al. Quality
of life, health, and government perception during COVID-19 times: Data from
Colombia. Data Br. 2021;37.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Prada SI, Garcia-Garcia MP, Guzman J. COVID-19 response in Colombia: Hits and
misses. Heal Policy Technol [Internet]. 2022;11(2):100621. Available from: https://
doi.org/10.1016/j.hlpt.2022.100621

Asaleye AJ, Ojo AP, Olagunju OE. Asymmetric and shock effects of foreign AID
on economic growth and employment generation. Res Glob [Internet]. 2023;6.
Available from: https://doi.org/10.1016/j.resglo.2023.100123

Komguep M chetue, Nembot LN. Why Does Employment Policies Fail to Reduce
Unemployment in Sub-Saharan Africa ? Looking towards the brain drain. Econ
Bull. 2021;41(2):615-33.

Andersson M, Checherita-Westphal C, Gbmez-salvador R, Henkel L, Mhor M.

Economic developments in the euro area and the United States in 2020. Econ Bull.

2021;2:1-9.

Felix A, Shampine S. Consumer Spending Declines, Shifts in Response to the
Pandemic. Econ Bull [Internet]. 2021; Available from: https://econpapers.repec.
org/RePEc:fip:fedkeb:90015

Takyi PO, Dramani JB, Akosah NK, Aawaar G. Economic activities' response to the
COVID-19 pandemic in developing countries. Sci African. 2023;20.

Guerrero-Amezaga ME, Humphries JE, Neilson CA, Shimberg N, Ulyssea G. Small
firms and the pandemic: Evidence from Latin America. J Dev Econ [Internet].
2022;155. Available from: https://doi.org/10.1016/j.jdeveco.2021.102775

Xiong A, Li Y, Liu S, Li H. Knowledge acquisition and precautionary behaviors for
individual resilience to the COVID-19 pandemic: A study of rural Latin America. J
Rural Stud [Internet]. 2022;95:373-81. Available from: https://doi.org/10.1016/j.
jrurstud.2022.09.015

Adefeso HA, Muraina MO. Nexus of government responses towards COVID-19
pandemic and economic performance. Int Rev Econ Financ [Internet]. 2023;
Available from: https://doi.org/10.1016/j.jinorgbio.2020.111289

CEPAL. Balance preliminar de las Economias de América Latina y el Caribe 2020
[Internet]. 2021. p. 1-4. Available from: https://repositorio.cepal.org/bitstream/
handle/11362/46501/11/BP2020_Colombia_es.pdf

Sehnbruch K, Gonzalez P, Apablaza M, Méndez R, Arriagada V. The Quality
of Employment (QoE) in nine Latin American countries: A multidimensional
perspective. World Dev [Internet]. 2020;127. Available from: https://doi.
org/10.1016/j.worlddev.2019.104738

Oficina Internacional del Trabajo (OIT). La importancia del empleo y los medios

de vida en la agenda para el desarrollo con posterioridad a 2015 [Internet]. 2015.

p. 3. Available from: https://www.ilo.org/global/topics/sdg-2030/documents/
WCMS_193484/lang--es/index.htm%0Ahttps://www.ilo.org/wcmsp5/groups/
public/---dgreports/---dcomm/documents/statement/wcms_206443.pdf

Banco de la Republica. Politica Monetaria: La estrategia de inflacién objetivo en
Colombia. 2020.

Stieglitz M, Setzer R. Firm-level employment, labour market reforms, and bank
distress. J Int Money Financ [Internet]. 2022;120. Available from: https://doi.
org/10.1016/j.jimonfin.2020.102324

Ingenieria y Competitividad vol 25(3) sept - dic 2023 e-22112555

12/13

10.25100/iyc.v25i3.12555



13/13

Dynamic analysis of employment resilience under a health emergency environment in a developing country

20.

21.

22.

23.

24.

25.

26.

217.

28.

Nayyar D. Why employment matters: Reviving growth and reducing inequality. Int
Labour Rev. 2014;153(3):351-64.

Timbi S, Tagne JS. The Effect of Covid-19 Pandemic on Labour Market Outcomes
in Moldova. Econ Bull. 2021;41(2):478-89.

Sanchis R, Cruz-Valdivieso T, Marcucci G, Poler R. Resilient Roadmap to Minimise
the Impact of COVID-19 in the Spanish Enterprises. IFAC-PapersOnLine [Internet].
2022;55(10):1870-5. Available from: https://doi.org/10.1016/j.ifacol.2022.09.671

Osorio Gomez JC. Introduccién al pensamiento sistémico. Primera. Valle PEU del,
editor. Santiago de Cali; 2007. 120 p.

Jo C, Kim DH, Lee JW. Forecasting unemployment and employment: A system
dynamics approach. Technol Forecast Soc Change [Internet]. 2023;194. Available
from: https://doi.org/10.1016/j.techfore.2023.122715

DNP. Mercado laboral en la crisis del COVID-19 [Internet]. 2021. Available from:
https://colaboracion.dnp.gov.co/CDT/Sinergia/Documentos/Notas_politica_
publica_EMPLEO_09_04_21_v4.pdf

Calanchez Urribarri A, Rios Cubas MA, Zevallos Aquino RL, Silva Peralta FJ.
Innovacion y emprendimiento social como estrategia para afrontar la Pandemia
COVID-19. Rev Ciencias Soc. 2022;28:275-86.

Wu W, Sheng L, Tang F, Zhang A, Liu J. A system dynamics model of green
innovation and policy simulation with an application in Chinese manufacturing
industry. Sustain Prod Consum [Internet]. 2021;28:987-1005. Available from:
https://doi.org/10.1016/j.spc.2021.07.007

DANE. Boletin Técnico. Principales Indicadores Del Mercado Laboral [Internet].
2023. p. 1-19. Available from: http://www.dane.gov.co/files/investigaciones/
boletines/ech/ech/bol_empleo_abr_16.pdf



	Abstract
	Keywords
	Cómo citar
	Correspondencia
	Contribución
	Graphical Abstract
	Introduction 
	Methodology 
	Results
	Conclusions
	References 

