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Abstract 

Capacity planning is a fundamental activity that regulatory agencies in the public sector are called to carry out in order 
to improve the quality of services. Thus, there is an increasing need to understand how the capacity planning used 
under public sector would support activities of operational management from a dynamic perspective. In this article, 
System Dynamics (SD) modelling has been used for strategic capacity planning and policy analysis, supported by a 
dynamic performance management (DPM) approach. This model-based planning methodology, which has long been 
the main way of approaching planning in the public/private sector is supported by a novel performance management 
framework. The results show that institutions in the public sector should change from traditional planning to strategy 
development taking into account the response capacity in the services promised. The main contribution of this article 
is assessed the strategy resources for the public sector, with a regulatory agency of Colombia taken as a case study. 

Keywords 
Capacity Planning, Performance Management, System Dynamics, Public Sector, Modelling. 

1. Introduction

The key performance indicators (KPIs) help in assessing the quality of supplied service in the private/public 
institutions (Asif et al., 2012). In recent years, research on KPIs management has grown significantly, giving rise to 
assess the capacity of the resources (Asif et al., 2012; Barney, 1991; Warren, 2005). Although this performance 
measures a few times taken into account the sustainability in the long-term, modelling the sustainability of 
organizational implies the understanding of a more complex system than simplistic conditions used for the allocation 
of resources (Bianchi, 2016; Bianchi et al., 2015; Cosenz, 2017).  

In the study case, the allocation of resources (i.e. capacity) influence on two aspects of the dynamic system. First, the 
quality of services depends on the available resources. Second, the used time on service influences on the completion 
rate of service. Thus, the delivery time of service has a high effect on the perceived quality of service (Herrera et al., 
2018). These aspects could be comprising through modelling of performance indicators in order to damp delays service 
caused by insufficient resources capacity in the long-term (Bianchi, 2010; Bianchi et al., 2015).   

The public sector faces challenges related to resources planning (Bianchi, 2010; Bouckaert et al., 2010; Hannon et al., 
2015). These challenges comprise allocation of human and financial resources (Becerra et al., 2016). This paper 
analyses one public institution of Colombia dedicates to regulate the environmental policy. Currently, this institution 
faces drawbacks associated with available resources because of lack of capacity planning, which affects the quality of 
service. This issue can be an impediment to both the institutional reputation and the public financial resources.     

Considering the above situation, it is natural that there has been a rapid growth of the research dedicated to the analysis 
of performance through indicators (i.e. KPIs) for capacity planning; however, these studies have not taken into account 
the dynamic of systems (Cosenz and Noto, 2017; Crespo et al., 2004). The delivery time plays a role important in the 
capacity planning of the public sector because of its influence on making the decision of allocation of resources 
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(Becerra Fernández and Herrera, 2018; Purdy, 2012). Thus, the main questions of this paper are: How to influence the 
delivery time of services for the capacity planning of resources in the public sector? What’re the effects of delays on 
the perception of service quality? This paper makes two contributions from modeling in this issue. First, the service 
capacity is modeled through system dynamics modeling. Second, a dynamic performance management approach is 
used to analyze the public sector capacity. The results from the model contribute to identifying the resources, drivers 
and end-results employed for the management of the public sector.      
 
The remainder of this article is organized as follow. Section 2 reviews relevant literature on blending system dynamics 
and DPM approach applied to capacity planning in the public sector. Section 3 describes the structure of the simulation 
model and the mathematical model. A framework based on a DPM approach for the public sector is presented in 
Section 4. Section 5 concludes by summarizing the most significant findings.    
 
2. Background: system dynamics and DPM approach 
 
Although there is abundant literature about capacity planning models from an optimization modeling approach, there 
is a deficiency profound from a dynamic modeling perspective that represents the delays in response capacity of 
service operations in the long run. Complexity and delays between causes and effects provide major obstacles to 
capacity planning (Becerra et al., 2016; Bianchi, 2016). SD modeling has been an appropriate approach to design 
strategies for overcoming such limitations.  In particular, SD is adapted to map system behavior over time (Forrester, 
1961; Sterman, 2000), while DPM approach is aimed at supporting decision-making from performance management 
and strategy design of system structure (Cosenz and Noto, 2017). This section reviews relevant literature on blending 
between system dynamics and DPM approach and they are applied for capacity planning.  
 
2.1 System Dynamics  
 
One of the most explored issues of SD application to strategic management is related to capacity planning (Cosenz 
and Noto, 2016; Torres et al., 2017). Capacity planning is broadly defined as the process by which an organization 
improves its performance through the efficient allocation of resources. Although there are several ways of trying to 
classify which type of planning approach is appropriate for each situation, SD has been useful to assess alternatives 
of strategic planning in the long term (Dyner and Larsen, 2001; Torres et al., 2017). In addition, SD has the ability to 
explain feedback loops and learn through the planning process as a result of strategic decisions (Cosenz and Noto, 
2017; Gary et al., 2008; Torres et al., 2017). By learning through SD simulations, decision-makers can enhance their 
analyses and draw ways to improve performance. 
 
SD models are appropriate to assess policy scenarios that contribute to the understanding of perceptions of reality as 
well as a good communication tool to advocate actions towards better management strategies (Bala et al., 2017). 
Previous studies show SD applications into the public sector focused on understanding the structure and behavior of 
systems, including the perception of service (Bianchi, 2016, 2010; Cosenz, 2014; Wheat, 2010). Models that analyze 
services and impacts on quality to determine service management policies are approached through SD using empirical 
tests that determine service quality (i.e. intangibles) (Ghosh et al., 2014; Pal and Hui, 2013). Given that the citizens’ 
perception influences the image of the public institution, the SD is a useful tool to model the service quality over time. 
 
2.2 Dynamic Performance Management   
 
A service is defined as a set of activities that satisfy a particular need and that is characterized by a high level of 
intangibility that requires management before and after in order to achieve complete satisfaction with the service 
(Becerra Fernández and Herrera, 2018). How the perception delays have an impact on citizens in the long term, which 
affect the organizational performance, DPM becomes a suitable approach to understand how a change of perceived 
quality (end-results) can be affected by service capacity (performance drivers). DPM is an approach to enhance 
organizational development through a synthetic picture of the key performance factors (Bianchi, 2016). This approach 
is also conducted from quality mapping based on DPM chart, including in this paper.  
 
Some research reported how DPM has been using for resources capacity planning (Bianchi, 2016; Cosenz, 2014; 
Cosenz and Noto, 2017; Crespo et al., 2004). The change of policy in public universities is evaluated from a DPM 
approach by Cosenz (2014). The study analyzed how a lack of coordination among different departments involved in 
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the delivery of services may considerably limit the ability of an organization to generate value. In this way, others 
studies highlighted the importance of the public sector performance due to the impact on the quality of life of citizens 
and may constitute either an acceleration factor or a constraint for the economic growth (Bianchi, 2010).       
      
Consequently, DPM chart may guide the strategic planning of resources (i.e. capacity) and service offerings to 
facilitate citizens value creation. While SD could help in the process of prediction and prospective becoming a tool to 
improve the perceptions and probably other aspects related to citizens’ satisfaction.    
 
3. Modeling Approach 
 
This paper provides a model-based framework for analyzing intangible resources and offers guidance for capacity 
planning in the public sector. The structure of a simulation model is represented by a stock-and-flow diagram based 
on feedback structure and time-delays. This structure represents the interaction between used capacity resources, 
perceived service quality and citizens. Figure 1 presents the stock and flow diagram using for capacity planning in the 
public sector. The service capacity is determined by the adjustment between current capacity resources and desired 
capacity. However, the time to adjust capacity influences on the changes of capacity resources. 
 

 
Figure 1. Stock-and-flow diagram for capacity planning, including perceived quality service and citizens.   

 
A public institution of Colombia is taken as a case study. Currently, the operations at the Department of Financial and 
Business of this public institution faces delays, which affect the availability of services. The delays reach around 78% 
of the available time of operation. Thus, the perception of service quality could impact the long run the current 
indicator of quality. This proposal gives some elements in order to measure the effect of adjusting capacity on service 
quality within the simulation model as follows: 
 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐴𝐴𝑐𝑐 = 𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐴𝐴𝑐𝑐 𝑟𝑟𝑟𝑟𝐴𝐴𝑟𝑟𝐴𝐴𝑟𝑟𝑐𝑐𝑟𝑟𝐴𝐴 − 𝐷𝐷𝑟𝑟𝐴𝐴𝑐𝑐𝑟𝑟𝑟𝑟𝐴𝐴 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐴𝐴𝑐𝑐      (1) 
 

𝑆𝑆𝑟𝑟𝑟𝑟𝑆𝑆𝑐𝑐𝑐𝑐𝑟𝑟 𝑞𝑞𝐴𝐴𝑐𝑐𝑞𝑞𝑐𝑐𝐴𝐴𝑐𝑐 =
𝐶𝐶𝑐𝑐𝐴𝐴𝑐𝑐𝐶𝐶𝑟𝑟𝐶𝐶𝐴𝐴

𝑆𝑆𝑟𝑟𝑟𝑟𝑆𝑆𝑐𝑐𝑐𝑐𝑟𝑟 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐴𝐴𝑐𝑐
         (2) 

 

1174



Proceedings of the International Conference on Industrial Engineering and Operations Management 
Pilsen, Czech Republic, July 23-26, 2019 

© IEOM Society International 

  
4. Results: Framing the Performance of Capacity Planning in the Public Sector 
 
In this section, a framework for the performance management of capacity planning in the public sector is developed. 
This framework obtained from stock and flow diagram represents the interaction between strategic resources, 
performance drivers and end-results of the public institution. This model is based on studies of Bianchi (2016) and 
Herrera et al. (2018).  
 
Figure 2 presents a DPM chart for capacity planning in the public sector. On the one hand, the adjust capacity to 
influence on recruitment of human resources. The recruitment depends on time to adjust capacity (hiring). On the 
other hand, perceived service quality affects the growth rate of citizens because of the delays in adjusting perception 
that influences on change of quality.       
 

 
Figure 2. DPM chart for capacity planning.   

 
 
5. Conclusions  
 
This paper developed a framework to represent through SD and DPM the benefits of strategic capacity planning in 
the public sector. This framework contributes to identifying strategic resources, performance drivers and end-results 
as well as their interactions. 
 
Although this paper does not present the effects of capacity service on the growth rate of citizens, the simulation model 
could be supported by this analysis. Also, a similar strategy could be used to analyse the private sector, using the 
simulation approach proposed here. 
 
Acknowledgements 
 
The article has been written within the framework of the project “Capacity planning based on performance 
management modelling for the managerial and financial department of the CAR in Colombia”. The project is 
supported by the Master Program of Organizational Management (agreement Nº 02, the committee of degree option) 
and the Economic Sciences Research Centre at the Nueva Granada Military University. 
 

1175



Proceedings of the International Conference on Industrial Engineering and Operations Management 
Pilsen, Czech Republic, July 23-26, 2019 

© IEOM Society International 

References 
 
Asif, F.M., Bianchi, C., Rashid, A., Nicolescu, C.M., 2012. Performance analysis of the closed loop supply chain. J. 

Remanufacturing 2, 4. https://doi.org/10.1186/2210-4690-2-4 
Bala, B.K., Arshad, F.M., Noh, K.M., 2017. System Dynamics: Modelling and Simulation, Springer. 

https://doi.org/10.1007/SpringerReference_7284 
Barney, J., 1991. Firm Resources and Sustained Competitive Advantage. J. Manage. 17, 99–120. 

https://doi.org/10.1177/014920639101700108 
Becerra Fernández, M., Herrera, M.M., 2018. Operational planning capacities associated with profitability of service 

companies. A system dynamics approach. Tecnura 22, 32–43. https://doi.org/https://doi. 
org/10.14483/22487638.9169 

Becerra, M., González, E.C., Herrera, M.M., Romero, O.R., 2016. Collaborative Planning Capacities in Distribution 
Centers, in: Zhang, L., Song, X., Wu, Y. (Eds.), Theory, Methodology, Tools and Applications for Modeling 
and Simulation of Complex Systems. Springer Singapore, Singapore, pp. 622–632. https://doi.org/10.1007/978-
981-10-2663-8_64 

Bianchi, C., 2016. System Dynamics for Performance Management, First. ed. Springer Switzerland. 
Bianchi, C., 2010. Improving performance and fostering accountability in the public sector through system dynamics 

modelling: From an External to and Internal perspective. Syst. Res. Behav. Sci. 27, 361–384. 
https://doi.org/10.1002/sres 

Bianchi, C., Cosenz, F., Marinković, M., 2015. Designing dynamic performance management systems to foster SME 
competitiveness according to a sustainable development perspective: empirical evidences from a case-study. 
Int. J. Bus. Perform. Manag. 16, 84–108. https://doi.org/10.1504/IJBPM.2015.066042 

Bouckaert, G., Peters, B.G., Verhoest, K., 2010. Coordination of public sector organizations: Shifting patterns of 
public management. Palgrave Macmillan, Basingstoke, UK. 

Cosenz, F., 2017. Supporting start-up business model design through system dynamics modelling. Manag. Decis. 55, 
57–80. 

Cosenz, F., 2014. A dynamic viewpoint to design performance management systems in academic institutions: Theory 
and practice. Int. J. Public Adm. 37, 955–969. https://doi.org/10.1080/01900692.2014.952824 

Cosenz, F., Noto, G., 2017. A dynamic business modelling approach to design and experiment new business venture 
strategies. Long Range Plann. 1–14. https://doi.org/10.1016/j.lrp.2017.07.001 

Cosenz, F., Noto, G., 2016. Applying System Dynamics Modelling to Strategic Management: A Literature Review. 
Syst. Res. Behav. Sci. 33, 703–741. https://doi.org/10.1002/sres.2386 

Crespo, A., Bianchi, C., Gupta, J., 2004. Operational and financial effectiveness of e-collaboration tools in supply 
chain integration. Eur. J. Oper. Res. 159, 348–363. https://doi.org/10.1016/j.ejor.2003.08.020 

Dyner, I., Larsen, E.R., 2001. From planning to strategy in the electricity industry. Energy Policy 29, 1145–1154. 
https://doi.org/10.1016/S0301-4215(01)00040-4 

Forrester, J.W., 1961. Industrial dynamics. 
Gary, M.S., Kunc, M., Morecroftc, J., Scott F., R., 2008. System dynamics and strategy. Syst. Dyn. Rev. 24, 407–429. 

https://doi.org/10.1002/sdr.402 
Ghosh, R., Longo, F., Xia, R., Naik, V.K., Trivedi, K.S., 2014. Stochastic model driven capacity planning for an 

infrastructure-as-a-service cloud. IEEE Trans. Serv. Comput. 7, 667–680. https://doi.org/10.1109/TSC.2013.44 
Hannon, M.J., Foxon, T.J., Gale, W.F., 2015. ‘Demand pull’ government policies to support Product-Service System 

activity: the case of Energy Service Companies (ESCos) in the UK. J. Clean. Prod. 108, 900–915. 
https://doi.org/10.1016/j.jclepro.2015.05.082 

Herrera, M.M., León, L.S., Vargas Ortiz, L.K., 2018. A dynamic analysis of the effects of word-of-mouth on online 
brand communities. Suma Negocios 9, 77–85. https://doi.org/10.14349/sumneg/2018.v9.n20.a1 

Pal, R., Hui, P., 2013. Economic models for cloud service markets: Pricing and Capacity planning. Theor. Comput. 
Sci. 496, 113–124. https://doi.org/10.1016/j.tcs.2012.11.001 

Purdy, J.M., 2012. A Framework for Assessing Power in Collaborative Governance Processes. Public Adm. Rev. 72, 
409–417. https://doi.org/10.1111/j.1540-6210.2011.02525.x 

Sterman, J.D., 2000. Business dynamics: Systems Thinking and Modeling for a Complex World. McGraw-Hill. 
Torres, J.P., Kunc, M., O’Brien, F., 2017. Supporting strategy using system dynamics. Eur. J. Oper. Res. 260, 1081–

1094. https://doi.org/10.1016/j.ejor.2017.01.018 
Warren, K., 2005. Improving strategic management with the fundamental principles of system dynamics. Syst. Dyn. 

Rev. 21, 329–350. https://doi.org/10.1002/sdr.325 
Wheat, D., 2010. What Can System Dynamics Learn From the Public Policy Implementation Literature? Syst. Res. 

1176



Proceedings of the International Conference on Industrial Engineering and Operations Management 
Pilsen, Czech Republic, July 23-26, 2019 

© IEOM Society International 

Behav. Sci. 27, 425–442. https://doi.org/10.1002/sres.1039 
 
 
Biographies  
 
Sebastián Villa-Rincón currently is a student of MSc in Organisational Management at the Nueva Granada Military 
University. He holds BSc degree in Business Administration from Nueva Granada Military University. Most of his 
work at regulatory agencies in the public sector has been in the area of operational management. His research interests 
are system dynamics, operational management and public/private management.    
 
Milton M. Herrera is an Assistant Professor of Production and Logistics at the Nueva Granada Military University 
of the Economic Sciences Research Centre. He holds BSc degree in Production Engineering and MSc degree in 
Industrial Engineering from Universidad Distrital Francisco José de Caldas. He is currently a PhD candidate in Model-
based public, policy design and management at the Universidad Jorge Tadeo Lozano and Università Degli Studi di 
Palermo. He has published journal and conference papers. His research interests are system dynamics, performance 
management, energy policy and the energy supply chains. 
 

1177


	2.1 System Dynamics
	2.2 Dynamic Performance Management
	Acknowledgements
	References
	Biographies



