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Abstract: Project Implementation is not a trivial task even after careful planning and scheduling. One of the reasons is the existence of unexpected events at strategic and operational levels during the project execution process. This paper presents a system dynamics model of a project monitoring and control system. Embedded with both strategic and tactical uncertainties, the model experiments with typical remedial actions to disturbances during the implementation of a project under a behavioral paradigm. Simple proportional adjustment seems to work well under low levels of unexpected disturbances but prospect theory-based behavior works better under extreme situations. Our findings indicate over-reacting behavior, which is influenced by biases and reporting errors, can generate project escalation. Thus, thresholds for remedial actions should be implemented in project control and monitoring systems to avoid over-reacting behavior leading to escalation and waste of resources. 
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1. Introduction
Organizations undertake projects as vital means to implement strategy and realize value (Chih and Zwikael, 2015). However, a great proportion of projects fail, e.g. in 2015 only 29% of software projects are successful, with 52% of the projects cancelled and 19% failed to deliver the expected results (Dannis, 2015). One of the main reasons for this situation lies in today’s rapidly changing environment. Uncertainties, which cannot be fully estimated and often involve ‘unknown- unknown’ events like evolving strategy, introduction of new technology and resource conflicts, have impact on project implementation and force the deviation of perceived value from expected goals. Thus even if organizations make great efforts to maintain accurate evaluation of the uncertainties and devise well-designed project plans, project plans never perform in the predicted way, and if the deviation grows, projects will fail. Under these circumstances, effective project implementation processes that consider dynamism under uncertainty should be explored.
Two key problems challenge the management of projects. First, unforeseen events, which always happen without warning signals, generate disruptions and leave serious impacts in the ability to generate value from projects. Thus project implementation processes should involve not only foresight but also take remedial actions in response to these unexpected changes, requiring the combination of both proactive and reactive activities. Second, the existence of feedback mechanisms can affect project implementation. Projects are often complex systems, in which different components have non-linear interdependencies. Thus even small variation in individual components may diffuse into serious crisis on the overall project, which means that it is hard to understand the effect of actions on project outcomes (Williams, 2003).  We propose a model to analyze , from a strategic perspective, the management of organizational projects where project goals can evolve in a dynamic and uncertain environment and the remedial actions adopted by managers are influenced by behavioral biases. Our approach is based on a concept of projects as open systems, where project managers intend to maintain equilibrium between the value expected to be created and the value that is being created. Thus, our research aim is to identify what project managers’ responses are more adequate given the impact of uncertainties on project implementation. 
In project management practice, some approaches have already been applied to mitigate the deviation, such as Critical Path Method (CPM), Program Evaluation and Review Technique (PERT), and Earned Value Method (EVM) (Pinto and Slevin, 1988). These network-based tools, though widely adopted, are not fully applicable to tackle the complex situation mentioned above. Their deficiencies comprise the narrow focus on specific operational aspects (cost, schedule and quality), inability to deal with non-linear interrelations and the static perspective to recover the projects to pre-determined baselines (Sang, 2005). As projects are implemented in open environments, stakeholders have to continuously respond to internal and external changes (Park, 2003;). Both the strategic goals and project status evolve constantly and require timely managerial interventions. Besides, since human activities dominate the project implementation process, including perceiving and reporting the changes, evaluating the remedial action proposals and making decisions, behavioral biases like reporting errors and escalation of commitment should not be ignored (Meyer, 2014). Thus, project monitoring and control in the implementation process is not all about the ‘hard’ operational data, but calls for a strategic framework that integrates the dynamic nature of projects and human factors.
System Dynamics (SD), which proves to be effective in analyzing and modelling complex and dynamic social systems (Zhang, 2014), is thus introduced to support project implementation. The applicability of SD can be illustrated in three main aspects (Rodrigues, 2000): (1) SD adopts a holistic and systemic perspective, thus the strategic achievements of projects can be analyzed with a comprehensive consideration of operational dimensions; (2) SD focuses on the dynamic interactions between different project components, hence, the overall impacts of changes (both from environmental disturbances and human reactions) can be observed considering various feedback effects embedding an ‘open system’ view of project implementation; (3) SD explicitly captures the subjective factors, and then human behaviors can be incorporated. Moreover, the modelling process of SD combines both ‘soft’ and ‘hard’ paradigms (Pidd, 2009; Rodrigues, 2000): Firstly, when formulating the SD model, multiple stakeholders have to coordinate on the central structure of the system (main components, links and feedback loops) and then draw up the causal diagram. This procedure promotes the organizational learning and provides insights into project implementation；The second procedure is the computer-based simulation, which provides explicit suggestions such as what the possible remedial actions would bring, and when and how to intervene. At this procedure, the SD model can use operational data monitored by conventional methods.
Lyneis et al. (2001) found that SD can support project management in a number of ways: de- signing project schedules and resource allocation, determining measurement and reward systems, evaluating risks, and learning from past projects achieving important savings compared to projects developed without SD. Roberts (2007)  suggested the principle ‘rework cycle’ is at the heart of modeling projects using SD. The main characteristics of this research are: the focus on specific tasks and the use of resources to deal with the rework cycle. Our model takes a different view compared with the previous works, which does not focus on the rework cycle or specific tasks but the impact of strategic changes that can make the project irrelevant for the organization independently of their efficiency in terms of time and costs.

A theoretical background is illustrated in Section 2, with discussions of the research framework and dynamism of project implementation processes. In Section 3, a system dynamics model that incorporates both strategic and tactical uncertainty effects is constructed. Experiments are carried under diverse situations in Section 4 including the impact of remedial actions and disturbances from reporting errors. In Section 5, two unanticipated crises on a project system are tested, followed by the discussion and conclusions sections.
2 Theoretical Background
Project implementation system aims to maintain a dynamic match between strategy and operations (Serra and Kunc, 2015). At the strategic level, organizational strategy can be broken down to the individual project’s major targets (Lee, 2006), which we call ‘Expected Value’ (e.g. expected productivity or expected function of products); while at the tactical level, the real advance or development of the project (‘Realized Value’) is achieved. Both Expected Value and Realized Value can be defined as a single target or evaluated by multiple performance indicators.Traditional project activities monitor the tactical performance to keep the project activities ‘on track’ with respect to the initial plan determined at the beginning of the project (Pinto and Prescott, 1990).
Uncertainties in the environment generate changes to the system. Strategic change may arise at organizational level and then be interpreted as a variation in project’s strategic targets. Meanwhile, the tactical uncertainty may cause disruptions and delays on project progress even without strategic changes. Thus, there may be situations where the strategic objective for the project cannot be achieved or the project is of little value to new strategic objectives. Remedial actions (i.e. adjustments to schedule priority or investment in additional funds or both) are required to mitigate the deviation (Loch and Kavadias, 2002). Thus the objective of this paper is to present a simulation study of behavioral remedial actions for on-going projects taken to minimize the deviation between realized value and expected value (see Figure 1). 


Figure 1: Project Implementation Processes
2.1 Uncertainty and its impact on project management
There are always unforeseen events, which cannot be conceived or analyzed before projects progress, and have vital effects. If some uncertainties are unknown, how can they ever be planned for? Thus a great deal of research calls for moving from conventional PRM to events that ‘come out of the blue’ (Petit, 2012; Ramasesh and Browning, 2014). Cleden (2012) clarifies two categories of project risk and uncertainty, of which the ‘unfathomable uncertainty’ that is ill-understood in probability and impact is the context considered in this paper. When we consider unfathomable uncertainty, events happening without warning require a backward thinking and a ‘reactive’ way, i.e. remedial actions, to help mitigate the impacts on the development of the project. Uncertainty manifests in two aspects: evolving goals and disruptions and delays(D&D).
Evolving goals. The strategic alignment of projects is always evaluated based on a static plan, with the assumption that the project goals are unchangeable. However, this alignment seldom stays stable and ‘even “perfect” alignment today would soon turn into misalignment’. Research on project management demonstrated that less than 43% of project strategic priorities stayed the same during five years (Young et al., 2012). Recent, Project Management Institute studies also found that strategic change causes the realignment of project portfolios (Serra and Kunc, 2015). If strategic changes are not considered, even if the project is executed well, outdated projects mean wasting resources without delivering the expected value.
Disruptions&Delays. At the tactical level, the key issues are disruptions and delays (D&D) originated from unknown situations. The term D&D often appear together as influences on schedule and cost overruns. SD is commonly applied to demonstrate the interrelations that determine the project behavior, ‘vicious cycle’ of D&D, and the management response to project changes (Williams et al., 2003). In most circumstances, D&D arise from either a feedback phenomenon or exogenous events (Howick, 2003). SD models can contemplate external events, managerial actions taken to correct the impact of the events and the consequences of these actions (Howick, 2003). Thus, SD can provide a useful view to the conceptualization of projects as open systems. However, SD does not capture the detailed and operational level of project management such as in project scheduling models (Howick, 2003). Since SD and the traditional project management tools have different limitations, both of these techniques have been used alongside one another to analyze projects (Howick and Eden, 2004).
2.2 Dynamic adjustment on project management processes
Complex causal relationships s are the main characteristic of project implementation processes and an important source for the dynamism observed in the project life (Roberts, 2007). The causal relationships in the project system form feedback loops, either reinforcing (positive feedback loop) or balancing (negative feedback loop) the changes. Considering the project implementation system, moving the project behavior towards the goal involves a negative feedback loop and the remedial action typically changes corresponding to the deviation size (Lyneis and Ford, 2007). The dynamic adjustment process is as follows (see Figure 2): when uncertainties generate Strategic Change and Disruptions&Delays on the execution of a project, the Realized Value of a project (i.e. the level of advance and development) deviates from the Expected Value. The Deviation between both components is a signal for Remedial Actions to be taken. The Remedial Actions will improve the Realized Value and thus help to reduce the Deviation, mitigating the impacts of the unforeseen events. The cycle of monitoring the deviation, developing remedial actions and reevaluating iterates until the end of the project. In this perspective, the project is an open system subject to the impact of strategic changes or Disruptions&Delays.
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Figure 2: Dynamic Adjustment Process of Project Implementation
2.3 Remedial Process
As described in Figures 1 and 2, remedial processes comprise two components: 1) monitoring and control of deviations, and 2) remedial actions. Monitoring transmits the signal requesting remedial actions and remedial actions help to mitigate and control the deviation.
Monitoring and control of deviations. Crawford and Bryce (2003) claim that ‘monitoring’ is the continuous procedure that reports and assesses the match degree between actual implementation and planned implementation. Embedded with good monitoring procedures, in-time control activities to determine the remedial actions would be enhanced. System dynamics is able to identify the dynamic behavior and pattern of complex systems and has been applied to project control activities, e.g. Love et al. Love (2002) look into how unplanned disturbances impact the expected work progression and project management system in construction projects. They found that it is important to develop an ability to respond promptly to changes within the construction project.
Remedial Actions. Organizations often have to modify the investment strategy and/or project execution to improve performance, which is called ‘Remedial Actions’ or ‘Corrective Measures’. Some work points to the role of remedial actions to adjust productivity or remove delays to bring projects ‘back on track’. For example, Lyneis and Ford (2007), who employ SD models, illustrate two types of project remedial actions as: easing performance targets, like slipping the milestone deadlines, reducing the scope of the project or increasing the budget; and/or increasing the available resources, like hiring more staff and work overtime (Lyneis and Ford, 2007).
Other researchers ook into the remedial strategy from the perspective of individual decision-making. When investments in projects are not achieving expected returns, three investment strategies seem to occur: escalation (invest more than originally planned), persistence (invest as originally planned) and terminate (withdraw the investment) (Meyer, 2014). 
3 Model Construction
System Dynamics modeling has been employed to construct stylized models of dynamically complex phenomenon occurring in organizations, e.g. Repenning and Sterman (2002). Stylized models differ from case-based models in the level of complexity represented in the model, as they aim to look for generalizable structures rather than focusing on specific regularities of a specific case (Kunc and Morecroft, 2007). Stylized models offer the possibility of experimenting with multiple situations with the intention of extract either general patterns or special situations where complex behaviors may be observed.
3.1 Stylized Model 
According to the previous discussion, the project implementation process consists of three sub- systems: Goal sub-system (Strategic process), Project Implementation sub-system (Tactical process) and Investment sub-system (Resource Allocation process). As illustrated in Figure 3, the output of Goal sub-system is Expected Value, which is defined during the project design and tries to align the project with the strategy of the firm but it can be modified according if there is a change on strategy. Project Implementation sub-system includes the tactical activities to achieve the Realized Value of a project. Project Implementation consumes funds from the Investment sub-system . The deviation between the output of the Project Implementation sub-system and the Goal sub-system requires an Adjustment in the investment funds to narrow the existing gap, which is part of the Remedial Process. The three sub-systems dynamically interact with each other and affect the value realized in a project.

Figure 3: Project Implementation Stylized System
Uncertainties are modelled in two ways according to their frequency of occurrence and feature of impacts:
· Continuous uncertainties. Continuous uncertainties are disturbances to the implementation of a project, which are not significant enough to cease implementation, but they still require monitoring and control due to their long-term impacts. This kind of uncertainties is frequently part of any project implementation.
· Unanticipated crises. Unanticipated crises are originated by discrete seldom events but, once occurring, their impacts are felt substantially in a project. Their one-off and ambiguous nature makes these events difficult to define or prevent even though some researchers tried to clarify their main sources (Petit, 2012; Petit and Hobbs, 2010).
3.2 System Dynamics Model
A SD model was developed based on the stylized model shown in Figure 4. This model evolved from well-established and validated SD models including those developed by Son and Rojas (2010), Ford and Sterman (1998) and Lyneis and Ford (2007). We represented the general function of project implementation, but  this model should be structured with project stakeholders and additional feedback loops like ripple effects may exist (e.g. when using overtime to improve the work progression, ‘a fatigue cycle’ may function (Sterman, 2000)) for specific projects. The model is constructed and tested using Vensim DSS.
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Figure 4: Dynamic Adjustment Process of Project Implementation System
3.2.1 Goal sub-system
The goal sub-system fulfills the duty of transforming the strategic goals to the measurable project expected value. Project managers have an expectation for the project (∆EV) in each period, e.g. when a new project is agreed, a plan is defined with the expectations about the development of the project for each month or quarter. These expectations accumulate over time into a total Expected Value (EV), which becomes the goal for the implementation sub-system to ‘catch up’. However, companies may adjust their strategy, which affect the expected development of the project, so we translate these changes in expectations using the variable Strategic Change (SC).
Table 1 Variables and Equations for Goal sub-ystem
	Variables
	Description of Variables
	Names
	Equations

	Expected Value
	The expected strategic targets for the project to achieve
	
	

	Expected Value Creation Rate
	The expected development of project during each period
	
	,
Here 

	Strategic Change
	Changes to the expected value, can be positive or negative
	
	



3.2.2 Implementation Sub-system
Realized Value (RV) accumulates the value yield by the project. We assume there is a certain productivity of the investments in a project due to the efficiency of the process, e.g. the amount of salaries paid to researchers developing a new product may not translate exactly as value if researchers are not efficient. Therefore, a Value Creation Index (VCI) is applied to transform each unit of funding into value. This is an innovative concept that has not been defined in the literature previously. Then, when real Work Progression (WP) can be less than expected due to the impact of Disruptions&Delays (DD), which are independent from the efficiency of the project resources.
Table 2 Variables and Equations for Project Implementation System
	Variables
	Description of Variables
	Symbols
	Equations

	Realized Value
	The real advance or development of the project
	
	

	Value Creation
	Real development during each period
	
	

	Value Creation Capacity
	Maximum value created by the available funding
	
	

	Value Creation Index
	The efficiency of each unit of funding
	
	A constant value 0.5

	Work Progression
	Work accomplished in each period
	
	

	Expected Work Progression
	Expected work to accomplish in each period
	
	A constant value 1

	Disruptions& Delays
	Impact of uncertainties on work progression, here is modeled a random normal distribution
	
	



3.2.3 Investment Sub-system
When a remedial action is required, project funding increases since the project manager requires either accelerate the investment in the project to compensate for delays or require additional funding. We capture this action in the variable Investment Priority (IP). In some cases, the increase in funding can be compensated by additional budget as Expansion Rate (ER) but the Total Budget sets the constraint for project implementation. 
Table 3 Variables and Equations for Investment System
	Variables
	Description of Variables
	Symbols
	Equations

	Available Fund
	Accumulated Fund available for project implementation in each period
	
	

	Total Budget
	Investment Constraint for project implementation
	
	A constant value 2800  or 6000

	Investment Rate
	Investment for project in each period
	
	

	Normal Fund per period
	Fund invest for project in each period according to the initial plan
	
	

	Cost Rate
	Funds consumed in each period
	
	

	Expansion Rate
	Expansion for total funds in each time period
	
	

	Total Cost
	Overall consumed funds
	
	



3.3.4 Remedial Process
The performance of the project is measured by the Deviation (D) between the expected and realized values and further perceived by project managers (PD). Then project managers adopt Remedial Actions to modify the investment priority (changes in funding) and schedule priority (accelerating the rate of tasks), which separately improves/reduces the value creation capacity (funding) and accelerates/decelerates the work progression.
Table 4 Variables and Equations for Remedial Process
	Variables
	Description of Variables
	Symbols
	Equations

	Deviation
	The gap between expected value and realized value. The smaller the deviation, the better project performs
	
	

	Perceived Deviation
	The deviation information perceived by decision maker, which determines the remedial actions
	
	D+RE, TP)

	Time to Perceive Deviation
	Time delay for perceiving deviation information
	
	A constant value

	Reporting Errors
	Errors exist in reporting the deviation
	
	RANDOM NORMAL (-1,1, mean, 0.4, seed)

	Schedule Priority
	Effort to adjust the work progression 
	
	Determined by Remedial action type and Perceived Deviation

	Investment Priority
	Effort to adjust the investment amount
	
	Determined by Remedial action type



4 Project Implementation under Continuous Uncertainties
We investigate how project managers react to project implementation under continuous uncertainties. Firstly we evaluate the losses caused by uncertainties before identifying the role of remedial actions. Then a comparison is made in selecting remedial actions with regard to two behavioral decision making processes: Proportional adjustment (Lyneis and Ford, 2007) and Prospect theory (Kahneman and Tversky, 1979; Keil et al., 2000). Finally, the impact of reporting errors on the remedial process is evaluated. 
4.1 Project Implementation Value Gap due to Uncertainties 
Assuming the total project duration is 100 months, we address the impact of uncertainties on strategic goals and operations respectively. For Strategic Change (SC), we illustrate two scenarios: positive SC and negative SC. D&D (DD), which is represented by a random normal distribution, is set with low level, medium level and high level. Note we just intend to provide a wide range of uncertainty levels to represent their impact, but, in practice, a low DD level may be within a project manager’s tolerance thus no remedial actions are required and with a high DD level the project may require re-planning since the disruption is too high. 
Figure 5 shows the potential losses caused by uncertainties at a strategic level. For positive SC, the issue of Unrealized Value occurs due to the rise of expectations. The new expected value cannot be fully achieved since the work progression and investment are not accelerated correspondingly. The decline of expected value, on the contrary, induces a different type of loss related with Excessive Value. When the project is not required to achieve the original goals, resources keeps being invested in the project even though it will not contribute to the organization. If DD is large, the value yield by the project cannot meet the expectations in each period leading to Unrealized Value in Figure 6. 
    
        Figure 6: Losses caused by DD
Figure 5: Losses caused by SC

By combining different Strategic Changes types and D&Ds levels, we developed six scenarios for experimentation (see Table 2) with different remedial actions. 
Table 2: Scenarios for Sensitivity Analysis
	Scenarios
	Strategic Change
	Disruption& Delays

	1
	Positive
	High 

	2
	Negative
	High

	3
	Positive
	Medium 

	4
	Negative 
	Medium

	5
	Positive
	Low

	6
	Negative
	Low



4.2 Impacts of Remedial Actions
We experiment with two remedial action types in order to find how efficiently they can tackle the uncertainties and reduce the value losses: one based on proportional adjustment and the other based on Prospect theory. Lyneis and Ford (2007) suggest the adjustment amount for remedial actions is usually set as a proportion of deviation. According to the prospect theory (Kahneman and Tversky, 1979), the value function of decision-makers is not linear but loss averse (and convex). When the deviation is positive and higher, i.e. more money is lost compared with the expected value, and when the deviation is negative and its absolute value is higher, i.e. more funds are wasted; the problems are more severe for decision makers. Following this logic, the importance of remedial actions increases with the absolute value of deviation rising. Thus two remedial action types are developed as follows: 
· Remedial Action Type 1:  The priorities determined by the remedial action (y-axis) are a fixed proportion of deviation (x-axis)(see Figure 7a). The values are normalized. 
· Remedial Action Type 2: With the absolute value of deviation increasing, more importance is focused on the remedial action. The relationship between the remedial action (y-axis) and deviation (x-axis) is set as a convex increasing function (see Figure 7b). The values are normalized.
    
        Figure 7b: Shape of  Remedial Action Type 2
Figure 7a:Shape of  Remedial Action Type 1


With Remedial Actions, the deviation caused by uncertainties would be mitigated and the value created would better match the expected value, e.g. Figure 8 illustrates the impact of remedial actions in a positive strategic change and medium D&Ds scenario. Almost half of the value is compensated. 

Figure 8: Unrealized Value Compensated by Remedial Actions

Comparing the two remedial actions in different scenarios, with respect to the base case deviation and cost without remedial actions in each scenario, Table 3 shows Type 1 has better performance in reducing the deviation between expected and realized value than Type 2. In scenario 6, when the uncertainty impacts are small, remedial actions taken actually broaden the deviation. Note that Deviation reflects the difference between RV and EV in percentage terms, and Total Cost is expressed as an index from the initial budget, where initial budget is equal to 100.  It is clear that reactions from project managers improve performance but they also increase costs. Thus, type 2 responses seem to be more adequate if costs are considered but type 1 are better when deviation is taken into account.
Table 3: Deviation and Cost of the Two Remedial Actions in Different Scenarios with Respect to Equilibrium
	Scenarios
	Deviation (%with regard to equilibrium)
	Cost (Index 100 is the baseline)

	
	Type 1
	Type 2
	No Remedial Actions
	Type 1
	Type 2
	No Remedial Actions

	1
	47%
	47%
	70%
	132
	132
	100

	2
	30%
	33%
	55%
	124
	121
	100

	3
	30%
	34%
	51%
	120
	116
	100

	4
	11%
	15%
	28%
	111
	108
	100

	5
	18%
	23%
	34%
	111
	108
	100

	6
	-2%
	-2%
	1%
	102
	102
	100



4.3 Issues affecting the reporting process 
In practice, the project implementation system is subjected to issues on the reporting process like reporting errors. Reporting errors are modeled as factors affecting the deviation perceived by decision makers and further influence the behavior of the project monitoring and control system. 
Reporting errors can distort the perceived value with respect to its original value. We conduct a Monte-Carlo simulation considering RE as a normal distribution function with a positive mean as 0.2 (conservative) or a negative mean as - 0.2 (optimistic) to demonstrate different preferences of project managers. With positive reporting errors, i.e. when managers tend to demand for additional investment, the perceived deviations are higher than without reporting errors so deviations tend to be reduced faster. On the contrary, if there is a tendency for negative reporting errors, i.e. managers prefer to hide bad news, the deviation tends to be higher than without reporting errors. The results are shown in Table 4 with respect to Equilibrium, which is 0% deviation. We see that the perceived deviation and real deviation show opposite tendencies because of the balanced feedback loop that tends to over-compensate the real deviation by requiring more resources and reducing the gap. Table 4 shows that conservative project managers, positive RE, tend to obtain lower deviation with respect to plans in both type of remedial actions. 
Table 4: Impact of Different Reporting Error Types with Respect to Equilibrium
	Scenarios
	Reporting Errors
	Remedial Action Type 1
	Remedial Action Type 2

	
	
	Perceived Deviation
	Deviation
	Perceived Deviation
	Deviation

	1
	Positive RE
	52%
	41%
	50%
	39%

	
	Negative RE
	39%
	48%
	40%
	49%

	2
	Positive RE
	41%
	29%
	36%
	35%

	
	Negative RE
	29%
	38%
	32%
	40%

	3
	Positive RE
	34%
	22%
	36%
	24%

	
	Negative RE
	23%
	31%
	26%
	34%

	4
	Positive RE
	20%
	8%
	24%
	12%

	
	Negative RE
	11%
	19%
	14%
	22%

	5
	Positive RE
	21%
	12%
	24%
	12%

	
	Negative RE
	11%
	21%
	12%
	21%

	6
	Positive RE
	7%
	-6%
	8%
	-4%

	
	Negative RE
	-2%
	6%
	-5%
	4%



 5 Reactions to Unanticipated Crises
Section 4 demonstrates how remedial actions help to reduce the losses caused by continuous uncertainties. There also exist unanticipated substantial events that rarely happen but can cause severe impacts. Looking into responses to those crises can help companies to react properly. Hence, subsequent experiments of two unanticipated substantial crises: strategic disruption and resource constraints will complete a comprehensive research on managing projects under uncertainty. 
5.1 Strategic Disruption
Assuming that half way through the project the organization encounters a market shift, after which the project is no longer required so there is a strategic disruption. In other words, strategic disruption has a negative impact on the expected value. The rational response to this situation is to abandon this project immediately because the project has accomplished its goal. However, this action may not be taken due to a lack of regular strategic change sensing process or other factors hinder abandoning the project. To discuss the actual loss caused by Strategic Disruption, we model the possible scenarios as: 
· The project is abandoned immediately;
· The project is not abandoned, and no actions are taken: business-as-usual;
· The project is not abandoned, but remedial actions are taken according to the deviation perceived.
Experimental results show an increase in the deviation experiences at time 50. If the project is abandoned after perceiving the crisis, no more investment is committed. When the project is not abandoned, leaving aside the scenario when no actions are taken, the value creation rate is being reduced by the remedial actions but the realized value keeps accumulating. The negative deviation keeps expanding because the realized value is still increasing while the expected value stands steady.  See Table 5 for the results. 
Table 5: Comparison of Project Escalation with Strategic Disruption under Different Delay Times in Total Cost
	Policy
	Remedial Action Type 1
	Remedial Action Type 2
	Abandon the project
	Business-as-usual

	Total Cost
	78
	72
	52
	100



5.2 Resource Constraints
Due to the wrong estimation of resources or resource conflicts with other projects, a project may be short of funds or resources (Petit, 2012). Assuming that the project is implemented under a medium level of D&Ds, the total budget is only 45% of the necessary budget and two scenarios are set considering the resource constraints: 
· Normal Adjustment: Remedial actions can adjust the investment according to deviation perceived.
· Maintain Performance: Project managers keep committing funds to the project to maintain the original performance instead of waiting for remedial actions to adjust funds.
At time 70, when the budget is used up, if the manager intervenes and forces the project to maintain the original performance, more investment is required. Thus the expansion rate grows sharply to compensate as Figures 9 shows (line 1 is maintain performance scenario and line 2 is normal adjustment scenario). If remedial action performs as usual, the grow of deviation induces an increase in the expansion rate of investment rate but this remedial process cannot compensate the poor budgeting.. 
[image: mac:Users:lin:Desktop:Full Version-Experiments:2 Resource Constraints:Figures:1-ER.pdf]
Figure 9: Expansion Rate under Two Scenarios 
Comparing the two remedial action types at the end of the project and with limited resources, the final cost would be more than the original total budget due to the escalation of funding to catch up with the past deviation if the decision maker chooses to maintain the performance. See Table 6 with the comparison between the base case of no remedial actions and the remedial actions under this situation. 
Table 6: Comparison of Deviation and Total Cost under Different Scenarios with Respect to Equilibrium 
	Investment type
	Remedial Action Type 1
	Remedial Action Type 2
	No Remedial Actions

	
	Deviation
	Total Cost
	Deviation
	Total Cost
	Deviation
	Total Cost

	Normal Adjustment
	39%
	125
	43%
	120
	57%
	100

	Maintain Performance
	21%
	164
	26%
	159
	57%
	100



6 Discussion
6.1 Remedial Actions and Project Escalation
The preceding experiments show two types of losses occurring during the implementation of projects under uncertainty: unrealized value and excessive value. These losses can be perceived as project failures when the value perceived is not aligned with the expected goals (White and Fortune, 2002). Remedial Actions are usually taken to compensate the deviation. However, remedial actions are not one size fits all solutions. 
Project Escalation, defined as ‘continuing commitment of failing projects’, is a pervasive phenomenon that induces significant loss. For example, in scenario 1 the project cannot achieve expected goals since the impact of uncertainty is extremely high but the project keeps running regardless of the efforts made by remedial actions. In this case, the remedial process gives rise to more escalation (occupation of more resources, higher schedule priorities) when the project can potentially be abandoned. Therefore, when the project is no longer needed, such as in the case of strategic disruption, and the project cannot be abandoned, the incremental withdrawal of investment by remedial actions needs to help reducing the escalation. 
Comparing the two project managers’ responses, Type 2, which applies Prospect Theory, does not perform well with low level or continuous uncertainty (higher deviation but lower cost than Type 1) but it performs better in unanticipated crises. However, project managers’ responses, remedial actions, may induce ripple effects to the organization (Lyneis and Ford, 2007). Hence, in practice, insignificant impacts of uncertainty are often tolerated and project managers may not make unnecessary changes for a relatively small deviation. Type 2 responses actually reflects this mentality of avoiding over-reacting and makes the simulation results more realistic under low uncertainty levels. However, project managers need to be aware of the impact of deviations and specify the thresholds for remedial actions together with the remedial action type choice according to a balance between estimated efforts (costs, resources) and potential achievements (tolerable level of deviation or failure). 
6.2 Importance of Flexible Reporting Procedures
Providing that the changes generated by uncertainties require reactive efforts other than can be prevented in advance, a prompt monitoring and reporting procedure is of significant importance in project implementation. For decision makers, in order to handle the performance of projects, the accuracy of information origins (Reporting Errors) should be accentuated. 
From the experiment results of Section 4.3, we can conclude reporting errors do have impacts on project implementation and may amplify the deviation. Most often, when projects run out of control, the project members are prone to hide the bad performance in order to avoid responsibilities or hold a ‘wait and see’ attitude based on optimism expectations for the future. For some projects, the deviation does exist but it is difficult to be detected. In those occasions, the real problem cannot be fully recognized by the decision makers. There also exist situations when perceived deviation is larger than the real one. For project managers who are conservative and demand for more investment to accomplish the projects, the deviation may be exaggerated but the final result may be better as they reduce the deviations. Different theories can be applied for its explanation, like Goal Incongruence, Self- Justification, and Optimism Bias (Keil et al., 2000; Son and Rojas, 2010). Organizations capability to guarantee prompt and transparent information is necessary to avoid escalation. 
6.3 Monitoring and Control of Unanticipated Events
When unanticipated events deemed significantly serious happen, they should be tackled as soon as possible. However, many of them just ‘come out of the blue’ and no well-planned actions can be prepared in a limited time. In these emergent situations, the microanalysis of the events can provide an efficient tool to determine the remedial actions from past experience (Howick and Eden, 2004). 
For example, consider the experiment related to resource constraints in section 5.3. Decision makers may be motivated by the pressure to accomplish the project or attracted by its promising outcome so they keep escalating the amount of funding. However, we found the final investment turns out to be more than half of the original funds if they persist on achieving the original goals. 
Since the sources of uncertainties are difficult to clarify, modelling their impacts on different project implementation sub-systems, ie sensitivity analysis, may be a way to categorize the events and generate knowledge for newly arrived disruptions. 
7 Conclusions
To analyze the impact of uncertainties on project implementation, we developed a system dynamic behavioral model to evaluate the value realization of on-going projects. Our model extracts the fundamental dynamism of project implementation and provides a transparent interpretation for project managers, which can be adapted to projects in multiple industries. We do not focus on the conventional triangle (cost, budget and quality) performance existing in project management literature but provide an open systems frame for strategic project management.. Analyzing the possible losses caused by strategic and tactical uncertainties, the impacts of remedial actions and disturbances of behavioral biases are discussed from an individual perspective. Specifically, two unanticipated events are modeled, which gives a clue on how to efficiently response to unexpected crises. The results demonstrate the development of project escalation and the impact of prospect theory, a cornerstone in behavioral economics. We also evaluated the impact of reporting processes on the final results. Therefore our study contributes to three areas: project management under ’unk unks’, the impact of behavioral biases on the achievement of project objectives, and system dynamics applied to project management. 
Since this research mainly focus on the individual projects’ behavior when faced with uncertainties and corresponding remedial actions, the synergies among multiple projects in realizing value have not been interpreted. Moreover, the emphasis on the model’s generality at the same time omits the details of specific cases. Further research will focus on multi- project implementation and applications to empirical studies in specific contexts to adapt the model to contextual issues. Additional Research can be performed on the use and combination of multiple tools, e.g. CPM/PERT and project benefits realization with system dynamics, to address the issues discussed in this paper. 
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EV in Equilibrium	20	22.5	25	27.5	30	32.5	35	37.5	40	42.5	45	47.5	50	52.5	55	57.5	60	62.5	65	67.5	70	72.5	75	77.5	80	82.5	85	87.5	90	92.5	95	97.5	100	102.5	105	107.5	110	112.5	115	117.5	120	122.5	125	127.5	130	132.5	135	137.5	140	142.5	145	147.5	150	152.5	155	157.5	160	162.5	165	167.5	170	172.5	175	177.5	180	182.5	185	187.5	190	192.5	195	197.5	200	202.5	205	207.5	210	212.5	215	217.5	220	222.5	225	227.5	230	232.5	235	237.5	240	242.5	245	247.5	250	252.5	255	257.5	260	262.5	265	267.5	270	272.5	275	277.5	280	282.5	285	287.5	290	292.5	295	297.5	300	302.5	305	307.5	310	312.5	315	317.5	320	322.5	325	327.5	330	332.5	335	337.5	340	342.5	345	347.5	350	352.5	355	357.5	360	362.5	365	367.5	370	372.5	375	377.5	380	382.5	385	387.5	390	392.5	395	397.5	400	402.5	405	407.5	410	412.5	415	417.5	420	422.5	425	427.5	430	432.5	435	437.5	440	442.5	445	447.5	450	452.5	455	457.5	460	462.5	465	467.5	470	472.5	475	477.5	480	482.5	485	487.5	490	492.5	495	497.5	500	502.5	505	507.5	510	512.5	515	517.5	520	522.5	525	527.5	530	532.5	535	537.5	540	542.5	545	547.5	550	552.5	555	557.5	560	562.5	565	567.5	570	572.5	575	577.5	580	582.5	585	587.5	590	592.5	595	597.5	600	602.5	605	607.5	610	612.5	615	617.5	620	622.5	625	627.5	630	632.5	635	637.5	640	642.5	645	647.5	650	652.5	655	657.5	660	662.5	665	667.5	670	672.5	675	677.5	680	682.5	685	687.5	690	692.5	695	697.5	700	702.5	705	707.5	710	712.5	715	717.5	720	722.5	725	727.5	730	732.5	735	737.5	740	742.5	745	747.5	750	752.5	755	757.5	760	762.5	765	767.5	770	772.5	775	777.5	780	782.5	785	787.5	790	792.5	795	797.5	800	802.5	805	807.5	810	812.5	815	817.5	820	822.5	825	827.5	830	832.5	835	837.5	840	842.5	845	847.5	850	852.5	855	857.5	860	862.5	865	867.5	870	872.5	875	877.5	880	882.5	885	887.5	890	892.5	895	897.5	900	902.5	905	907.5	910	912.5	915	917.5	920	922.5	925	927.5	930	932.5	935	937.5	940	942.5	945	947.5	950	952.5	955	957.5	960	962.5	965	967.5	970	972.5	975	977.5	980	982.5	985	987.5	990	992.5	995	997.5	1000	1002.5	1005	1007.5	1010	1012.5	1015	1017.5	1020	1022.5	1025	1027.5	1030	1032.5	1035	1037.5	1040	1042.5	1045	1047.5	1050	1052.5	1055	1057.5	1060	1062.5	1065	1067.5	1070	1072.5	1075	1077.5	1080	1082.5	1085	1087.5	1090	1092.5	1095	1097.5	1100	1102.5	1105	1107.5	1110	1112.5	1115	1117.5	1120	1122.5	1125	1127.5	1130	1132.5	1135	1137.5	1140	1142.5	1145	1147.5	1150	1152.5	1155	1157.5	1160	1162.5	1165	1167.5	1170	1172.5	1175	1177.5	1180	1182.5	1185	1187.5	1190	1192.5	1195	1197.5	1200	1202.5	1205	1207.5	1210	1212.5	1215	1217.5	1220	1222.5	1225	1227.5	1230	1232.5	1235	1237.5	1240	1242.5	1245	1247.5	1250	1252.5	1255	1257.5	1260	1262.5	1265	1267.5	1270	1272.5	1275	1277.5	1280	1282.5	1285	1287.5	1290	1292.5	1295	1297.5	1300	1302.5	1305	1307.5	1310	1312.5	1315	1317.5	1320	1322.5	1325	1327.5	1330	1332.5	1335	1337.5	1340	1342.5	1345	1347.5	1350	1352.5	1355	1357.5	1360	1362.5	1365	1367.5	1370	1372.5	1375	1377.5	1380	1382.5	1385	1387.5	1390	1392.5	1395	1397.5	1400	1402.5	1405	1407.5	1410	1412.5	1415	1417.5	1420	1422.5	1425	1427.5	1430	1432.5	1435	1437.5	1440	1442.5	1445	1447.5	1450	1452.5	1455	1457.5	1460	1462.5	1465	1467.5	1470	1472.5	1475	1477.5	1480	1482.5	1485	1487.5	1490	1492.5	1495	1497.5	1500	1502.5	1505	1507.5	1510	1512.5	1515	1517.5	1520	1522.5	1525	1527.5	1530	1532.5	1535	1537.5	1540	1542.5	1545	1547.5	1550	1552.5	1555	1557.5	1560	1562.5	1565	1567.5	1570	1572.5	1575	1577.5	1580	1582.5	1585	1587.5	1590	1592.5	1595	1597.5	1600	1602.5	1605	1607.5	1610	1612.5	1615	1617.5	1620	1622.5	1625	1627.5	1630	1632.5	1635	1637.5	1640	1642.5	1645	1647.5	1650	1652.5	1655	1657.5	1660	1662.5	1665	1667.5	1670	1672.5	1675	1677.5	1680	1682.5	1685	1687.5	1690	1692.5	1695	1697.5	1700	1702.5	1705	1707.5	1710	1712.5	1715	1717.5	1720	1722.5	1725	1727.5	1730	1732.5	1735	1737.5	1740	1742.5	1745	1747.5	1750	1752.5	1755	1757.5	1760	1762.5	1765	1767.5	1770	1772.5	1775	1777.5	1780	1782.5	1785	1787.5	1790	1792.5	1795	1797.5	1800	1802.5	1805	1807.5	1810	1812.5	1815	1817.5	1820	1822.5	1825	1827.5	1830	1832.5	1835	1837.5	1840	1842.5	1845	1847.5	1850	1852.5	1855	1857.5	1860	1862.5	1865	1867.5	1870	1872.5	1875	1877.5	1880	1882.5	1885	1887.5	1890	1892.5	1895	1897.5	1900	1902.5	1905	1907.5	1910	1912.5	1915	1917.5	1920	1922.5	1925	1927.5	1930	1932.5	1935	1937.5	1940	1942.5	1945	1947.5	1950	1952.5	1955	1957.5	1960	1962.5	1965	1967.5	1970	1972.5	1975	1977.5	1980	1982.5	1985	1987.5	1990	1992.5	1995	1997.5	2000	2002.5	2005	2007.5	2010	2012.5	2015	2017.5	2020	RV with High DD	0	1.156566262245178	2.8724594116210889	4.8339576721191406	7.2144269943237296	8.1837415695190412	8.8455772399902397	10.412361145019529	12.06317234039307	14.365495681762701	14.81351947784424	15.76593017578125	17.608392715454109	18.693069458007809	20.746623992919879	22.484495162963871	24.061435699462891	25.63078689575195	27.596405029296871	28.734745025634769	30.999919891357411	31.895915985107418	32.92670822143554	34.010181427001953	35.175266265869141	36.77778244018554	38.77098083496093	40.572322845458999	42.087810516357393	43.181995391845703	43.380184173583928	44.773994445800781	46.423442840576172	47.780948638916023	49.073528289794922	49.721660614013643	50.754211425781243	52.080310821533203	53.955055236816413	54.967884063720611	56.522350311279297	57.924556732177763	59.073581695556591	60.146961212158203	60.335067749023423	61.819129943847607	63.193851470947273	64.860084533691293	66.378623962402344	68.505020141601548	70.111076354980398	72.146354675292955	72.985733032226435	73.376792907714702	75.032585144042969	76.988143920898423	78.880508422851435	80.428817749023409	82.398818969726548	83.520469665527401	84.742828369140625	85.925941467285156	88.260177612304631	90.373336791992131	92.45770263671875	93.761451721191406	94.820281982421761	96.741149902343807	97.590492248535156	99.792350769042955	101.3022079467773	102.6298751831055	103.2304306030273	104.5404052734375	105.37375640869141	106.9962692260742	108.4241409301758	110.0889892578125	110.8562850952148	111.9876327514648	113.2060623168945	114.5230712890625	115.4200897216797	117.5806503295898	119.78907775878911	121.5075302124023	123.417724609375	124.4105224609375	126.5054931640625	128.76255798339841	130.20643615722651	130.90191650390619	131.94639587402341	134.10932922363281	135.3128662109375	137.3577880859375	138.8733825683594	140.1430206298823	141.5239562988281	143.37825012207031	145.53993225097659	146.38131713867199	147.4114685058594	149.13818359375	150.22013854980469	151.318359375	152.9139404296875	153.60081481933599	154.70002746582031	156.22994995117199	157.72981262207031	158.93869018554699	161.02903747558599	162.30587768554699	164.52171325683599	164.79652404785159	166.47335815429699	167.99070739746099	169.35687255859369	171.70745849609369	173.99267578125	175.56939697265619	176.97166442871091	178.0443420410156	179.64970397949219	180.5492706298823	182.30464172363281	183.36761474609369	184.23869323730469	185.41117858886719	187.1937561035156	188.49244689941401	190.09274291992199	192.11808776855469	193.6431579589844	195.52964782714841	196.1822814941406	197.65380859375	199.39019775390619	200.35812377929699	202.36822509765619	204.19639587402341	206.5257873535156	208.19821166992199	209.27522277832031	210.715087890625	211.90789794921869	213.20579528808591	214.67169189453119	216.5857849121094	218.9603271484375	219.93550109863281	221.5692443847656	222.67787170410111	223.2583923339844	224.68147277832031	225.99674987792969	227.1736907958979	228.30705261230469	229.8135681152344	231.40397644042969	233.56809997558599	235.37339782714841	237.21612548828119	237.98529052734369	239.8435363769531	241.60820007324219	243.15290832519531	244.69694519042969	245.69183349609369	247.59410095214841	249.453369140625	251.12306213378909	252.8645324707031	255.14646911621099	256.73312377929642	258.644287109375	260.39712524414062	262.38296508789068	264.41732788085932	265.84210205078119	267.47521972656222	268.14907836914068	270.23236083984381	271.98724365234369	273.90893554687437	276.05792236328119	277.63827514648392	278.79840087890619	280.58639526367142	281.71533203124949	282.83316040039062	284.43826293945312	285.81045532226562	287.75946044921869	288.91934204101562	289.81393432617182	291.72189331054699	293.04183959960932	293.61825561523432	294.8941650390625	295.7584228515625	297.39730834960892	298.687744140625	300.28329467773432	302.17861938476562	303.52618408203119	305.20889282226562	307.07012939453119	309.08615112304699	309.54122924804682	311.46804809570312	313.22882080078119	315.1624755859375	316.03164672851562	317.17340087890619	318.52493286132812	320.18743896484369	321.22015380859318	322.72348022460932	324.25204467773437	326.17831420898381	326.87805175781222	327.63079833984381	328.91696166992199	330.49020385742182	331.41693115234352	333.12533569335938	334.271240234375	335.12179565429682	336.42105102539062	338.2833251953125	340.74832153320312	342.60336303710932	344.00408935546881	345.11495971679699	346.7359619140625	348.44293212890619	350.33929443359369	351.2633056640625	352.43783569335938	353.84176635742199	355.13836669921869	356.45123291015619	357.79696655273392	360.10958862304727	361.5045166015625	363.58187866210892	364.87106323242199	366.27752685546869	367.33749389648432	369.39749145507812	371.17919921875	372.85440063476602	374.54275512695312	375.2943115234375	376.66232299804699	378.39889526367182	380.06619262695312	381.30831909179682	382.92950439453119	384.32403564453119	385.83804321289062	386.88250732421869	388.11660766601562	390.07659912109352	390.98028564453119	391.93359374999937	393.87744140625	394.64205932617199	396.79736328124949	398.43612670898352	399.73461914062449	401.6712646484375	402.82327270507812	404.74133300781222	405.90319824218659	407.06069946289062	409.29516601562449	411.16815185546869	412.73156738281222	414.59939575195312	416.05709838867182	416.70147705078119	418.90164184570312	420.80148315429699	422.32192993164062	423.77227783203119	425.85302734375	427.42010498046852	428.62957763671881	429.88067626953119	430.24191284179682	432.20968627929699	434.23348999023392	435.77413940429642	438.13879394531222	439.96099853515619	441.83001708984369	443.08587646484369	444.68231201171869	445.91082763671881	446.11343383789062	448.25302124023392	449.92007446289011	451.57943725585932	452.023681640625	453.49380493164062	455.32839965820261	457.14175415039062	457.85693359375	459.74642944335932	461.86444091796881	464.19180297851562	465.57489013671898	467.27859497070312	469.17807006835932	470.982421875	472.13479614257812	473.28707885742182	473.9840087890625	474.60440063476602	476.72854614257761	477.79498291015619	479.1007080078125	480.40267944335932	481.92630004882761	482.89840698242182	483.86669921875	485.37335205078119	486.78628540039062	487.87503051757812	489.53421020507812	491.8822021484375	493.48275756835892	495.13772583007812	496.53958129882812	497.96444702148432	500.00204467773437	501.170654296875	501.98208618164062	504.04312133789062	506.09872436523392	507.30947875976568	509.05270385742199	510.68179321289063	511.77304077148392	512.91961669921795	514.1396484375	515.60528564453125	517.57086181640625	519.80255126953125	521.3134765625	522.854736328125	524.8974609375	526.50830078125	527.68371582031295	528.62194824218795	530.28704833984375	531.20635986328125	532.71759033203125	533.88909912109341	535.51965332031239	536.80175781249932	538.45507812499932	539.453369140625	541.450439453125	543.59735107421841	546.03863525390625	548.02777099609375	549.88909912109341	551.75311279296795	553.65850830078125	554.64581298828125	556.61798095703148	558.580078125	559.68829345703148	560.772216796875	562.48626708984295	564.07531738281239	565.86700439453011	567.63732910156239	569.90081787109341	570.94958496093739	572.69232177734375	573.78912353515648	575.57189941406239	576.08312988281239	577.45300292968795	578.56854248046795	579.69744873046841	580.94116210937432	582.27880859375	584.77429199218795	585.90100097656295	586.71917724609398	587.99346923828148	588.79888916015602	590.34478759765648	591.30487060546841	592.79522705078125	593.65606689453011	595.38470458984375	597.58142089843739	599.88543701171841	601.20086669921841	603.49176025390625	605.18328857421875	606.583740234375	607.37091064453125	609.23986816406239	611.51690673828125	613.65277099609375	615.56048583984341	616.83288574218739	618.48553466796875	619.97198486328125	620.18353271484375	621.738037109375	623.3361206054675	623.89215087890568	624.958740234375	627.07342529296841	629.09783935546841	630.07977294921898	631.05511474609341	632.30560302734341	633.308349609375	634.63769531249932	636.40911865234341	638.44763183593659	640.33599853515625	641.37872314453125	642.46527099609341	643.55749511718739	644.699462890625	646.04669189453011	647.52685546875	649.59387207031295	650.96643066406239	652.4371948242175	654.33819580078068	656.34820556640625	657.54595947265625	659.78363037109398	661.151123046875	662.37023925781295	664.04199218749932	665.19378662109398	666.29547119140625	667.600341796875	668.40447998046841	670.17761230468739	671.679443359375	672.95727539062432	674.03094482421795	676.15319824218795	677.67755126953148	678.83105468749932	679.83392333984341	681.494384765625	683.19476318359341	685.16973876953148	686.918701171875	688.98822021484341	690.27526855468795	692.14489746093739	693.227783203125	694.24914550781295	695.24395751953148	696.80218505859341	698.211181640625	700.19354248046841	701.56951904296795	702.61859130859375	703.32116699218739	704.934326171875	705.95617675781239	706.736572265625	708.33978271484341	710.09332275390625	711.53411865234341	712.978759765625	714.66400146484341	716.72308349609375	718.11486816406239	719.44781494140568	721.30236816406239	722.990966796875	724.02496337890625	725.53369140625	727.10894775390625	728.644775390625	730.91839599609375	732.03991699218739	733.77545166015602	734.15631103515625	736.02740478515568	736.82519531249932	737.98394775390625	738.96282958984295	740.63122558593659	742.73297119140568	744.16601562499932	744.94763183593659	746.68231201171841	748.48748779296795	749.734130859375	750.69714355468795	752.02606201171795	752.77764892578125	754.75079345703148	756.184814453125	757.80047607421841	759.06011962890568	760.27069091796875	761.73370361328148	763.69842529296841	765.68249511718795	766.42926025390568	768.08343505859398	769.68408203125	771.92370605468795	772.59429931640625	774.927490234375	776.52490234375	777.82635498046795	779.78576660156295	781.56024169921795	782.103271484375	784.401611328125	786.44818115234341	788.00677490234375	789.84228515624932	790.68786621093739	791.87109375	793.98492431640625	795.48034667968795	796.28948974609398	796.91510009765625	798.19439697265602	800.46081542968739	801.87512207031239	802.87750244140568	803.8857421875	806.32464599609341	807.87127685546795	808.23651123046841	809.78948974609398	811.24816894531239	811.379638671875	812.5703125	813.79315185546841	814.90484619140568	816.79376220703102	818.62200927734375	821.022705078125	823.487060546875	824.80047607421841	826.39807128906295	827.14801025390625	827.88555908203068	829.03643798828125	830.20062255859375	831.69329833984375	832.11560058593739	832.75390625	834.09240722656295	835.06799316406239	837.04833984375	837.720947265625	840.07531738281239	842.00769042968739	843.45452880859295	844.13519287109341	844.85260009765568	846.38635253906295	848.20416259765648	849.82067871093739	850.79949951171875	851.87707519531239	853.41125488281159	854.81604003906239	856.45745849609295	858.33300781249932	859.65972900390568	861.30963134765648	862.75646972656239	863.7119140625	865.06335449218739	866.489990234375	868.425537109375	870.11468505859375	871.90081787109341	872.60809326171875	874.300048828125	876.03466796875	877.76275634765648	879.18359375	881.21105957031295	882.33190917968739	883.10998535156295	884.287109375	885.66369628906239	886.72930908203125	888.76232910156239	890.58709716796841	892.36175537109341	893.16442871093739	894.34906005859341	896.13879394531295	897.16857910156239	898.257568359375	899.56591796875	900.820068359375	902.43786621093739	904.24005126953148	905.87683105468795	907.54132080078068	908.925048828125	910.40832519531239	912.02471923828148	913.75946044921841	915.35583496093739	916.71466064453125	917.69641113281239	919.46960449218739	919.97222900390511	921.41699218749932	923.55926513671795	924.468505859375	925.82324218749932	926.988037109375	927.68914794921875	929.63201904296795	931.46832275390568	932.177490234375	933.884765625	936.30230712890568	937.70166015625	937.97802734375	939.64044189453068	941.08172607421841	942.36193847656239	944.191162109375	945.70770263671875	946.75329589843739	948.57989501953148	950.204345703125	952.475341796875	953.85455322265625	954.79187011718795	956.25054931640625	958.35845947265625	958.93347167968795	960.028076171875	961.48114013671841	962.988525390625	964.41320800781239	965.14959716796841	966.51599121093739	967.66809082031239	969.69543457031295	972.06573486328125	973.353759765625	974.51312255859375	975.97650146484341	977.11364746093739	978.17950439453125	979.16241455078125	980.69592285156239	982.17156982421795	983.94921874999932	985.778076171875	987.80841064453125	989.384033203125	991.21533203125	993.58221435546795	994.226318359375	995.93646240234295	997.89300537109375	999.82098388671795	1001.089965820312	1001.244506835937	1002.30908203125	1003.772399902344	1005.126342773437	1006.148864746094	1007.530700683594	1009.838562011719	1011.168090820312	1013.181274414062	1014.667114257812	1016.15576171875	1017.334289550781	1017.516967773437	1019.116027832031	1020.153625488281	1021.375549316406	1022.818359375	1023.732360839844	1025.792236328125	1027.855102539062	1028.869140625	1029.903198242187	1031.4609375	1033.34326171875	1035.01611328125	1037.48876953125	1039.10546875	1040.4541015625	1042.4296875	1044.43994140625	1045.961303710937	1046.776489257812	1047.984252929687	1048.86767578125	1050.169677734375	1051.343017578125	1053.045288085937	1054.143920898437	1055.968994140625	1057.726196289062	1059.340209960937	1061.835815429687	1063.727783203125	1065.630615234375	1066.807373046875	1068.925903320312	1069.442260742187	1070.240600585937	1071.242431640625	1073.09228515625	1074.769409179687	1077.206787109375	1078.187255859375	1079.378784179687	1080.861572265625	1082.630737304687	1083.929809570312	1085.935546875	1088.30712890625	1089.44384765625	1090.510620117187	1091.998413085937	1093.558837890625	1095.050170898437	1097.11328125	1098.16357421875	1099.550170898437	1101.135498046875	1102.574951171875	1103.971069335937	1105.670043945312	1107.288330078125	1108.636474609375	1109.973999023437	1111.083618164062	1113.063598632812	1114.565063476562	1115.825927734375	1117.504028320312	1118.294189453125	1119.6904296875	1120.912231445312	1122.602172851562	1123.15771484375	1124.499389648437	1125.819213867187	1127.091186523437	1128.157592773437	1129.37744140625	1131.467895507812	1133.110107421875	1134.504516601562	1135.678588867187	1137.89404296875	1140.178344726562	1141.211547851562	1142.122924804687	1143.287109375	1143.9677734375	1146.177734375	1147.612426757812	1149.951782226562	1151.702514648437	1152.986083984375	1153.827880859375	1155.993286132812	1157.360473632812	1159.33349609375	1160.218505859375	1162.718017578125	1163.764526367187	1165.52587890625	1167.174682617187	1169.609497070312	1170.998046875	1172.758666992187	1173.525146484375	1175.026733398437	


Remedial Action Type 1
-1.5	-1.4	-1	-0.7	-0.5	-0.3	-0.1	0	0.1	0.3	0.5	0.7	1	1.4	1.5	-1	-0.98	-0.7	-0.49	-0.35	-0.21	-7.0000000000000007E-2	0	7.0000000000000007E-2	0.21	0.35	0.49	0.7	0.98	1	


Remedial Action Type 2
-1.5	-0.9	-0.8	-0.7	-0.5	-0.3	-0.1	0	0.1	0.3	0.5	0.7	0.8	0.9	1.5	-1	-1	-0.96	-0.72499999999999998	-0.375	-0.13500000000000001	-1.4999999999999999E-2	0	1.4999999999999999E-2	0.13500000000000001	0.375	0.72499999999999998	0.96	1	1	
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