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1 Introduction 

As an engineer, the scope of competences is not just being able to plan a good project, but to make 
sure that it’s well-performed, on time and on budget. 

In the past, traditional management was used for controlling and monitoring project’s development. 
That is, applying same objectives as for an ongoing business, such as return investment or some 
other mandated financial measure.  But these objectives have a time horizon of one year, and they 
take in account just financial parameters. 

A project has a specific duration, and it’s as important to remain on budget as it is in schedule; not 
just at the end of the project, but in all stages of development. Still today, lots of projects fail due to a 
bad project managing, and depending on the dimension of the project, the enterprise can fail too. 

Project management as a branch of engineering has became more and more important over the 
years. It is taught in universities, MBS, leadership institutes, etc. 

Nowadays there are lots of techniques and ways for project managing, and a good decision maker 
must choose the most appropriate one depending on the project’s characteristics. 

The objective of this report is twofold: first, present a general overview of Project Control, focusing 
on Earned Value Management and its enhancing technique, Earned Schedule Management; second, 
give an insight of Dynamic Scheduling and how to link two powerful Project Management techniques, 
Risk Management and Earned Schedule Management. Basic knowledge of Project Management is 
assumed.  
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2 Project management 

2.1 What is Project Management? 

 

Project: 

"Specific step, which makes it possible to methodically structure a future reality (…). A project is 
defined and implemented to work out a response to the need of a client (…). It implies an objective 
and actions to be undertaken with the given resources” Standard AFNOR X50-105. 

"Single process, which consists of a set of coordinated and controlled activities comprising of starting 
and finishing dates, undertaken with a target to achieve an objective in conformity with the specific 
requirements such as the constraints of time, costs and resources” Standard ISO 10006. 

"Complex system of contributors, means and actions, constituted for getting a reply to a demand 
worked out to satisfy the need of a Site Owner (…)" Dictionary of project management – AFITEP. 

“Temporary endeavour undertaken to create a unique product, service or result. The temporary 
nature of projects indicates a definite beginning and end. The end is reached when the project’s 
objectives have been achieved or when the project is terminated because its objectives will not or 
cannot be met, or when the need for the project no longer exists.” Project Management Body of 
Knowledge (PMBOK). 

From those definitions, some keywords can be taken. Response to the need of a client, objective, 
process, coordinated and controlled activities, starting and finishing dates, specific requirements such 
as the constraints of time, cost and resources… All those keywords lead to the fact that a project has 
to be expertly managed to deliver the on-time and on-budget results, learning and integration that 
organizations need. 

“Project management, then, is the application of knowledge, skills and techniques to execute projects 
effectively and efficiently. It’s a strategic competency for organizations, enabling them to tie project 
results to business goals — and thus, better compete in their markets.” PMI. 

For years, it has been practiced informally. But more and more, the project management community 
is establishing common practices which are being found as the most successful ones.  

So, for a good practice, the PMI has defined 5 steps to be followed:  Initiating, Planning, Executing, 
Monitoring and controlling, and Closing. It has to be noticed that project managing is not an exact 
science; it can be found on literature lots of different ways for classifying the steps needed for 
achieving the project’s end, but all of them follow the same general ideas.  

First of all, the objectives will be established, and the activities needed for reaching those objectives 
will be defined. That’s Initiating the project, and nowadays is done with the Work Breakdown 
Structure technique (WBS). In this report, basic knowledge of project management, as WBS, is 
supposed to be known by the reader.  
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Once all the activities have been defined, as well as the resources and costs needed for each, the 
project development has to be planed. PERT, Critical Path and Risk Schedule Analysis are the two 
mostly used techniques for scheduling the project. This step will take on account the resources 
limitations, the budget established, and the finishing date. At that moment, attention has to be pay 
to some well known phenomenon that tends to delay a project as: Parkinson’s Law, Student 
syndrome, and interdependence of tasks.  

At the end of this stage, we will have the PMB (Performance Measurement Baseline), and the BAC 
(Budget at competition). 

After all this is approved, the project will start being executed. Is at that point that the project 
management techniques - as Earned Value Management (EVM), Earned Schedule Management 
(ESM) or Risk Management -  appear, as a tool to monitor and control the correct implementation of 
what has been decided in the upper steps.  

This might seem a process that which needs a lot of money and time resources, so the question of “is 
it worth it?” will be asked lots of times.  

Over the years, lots of articles have been written to answer that question, and they have all of them 
agreed: Yes. To mention, the Corporate Education Group (CEG) founded at Boston University, 
published an article named “7 Reasons why Project Management and Business Analysis Skills Equal 
Project Success!” In this article they show 7 advantages of applying project management to a 
project’s development, which are: 

- Manage the project from the start; 
- Control change; 
- Improve communication between IT, business team, and project team; 
- Increases job security; 
- Increases value in the marketplace; 
- Acquire project success. 

While monitoring and controlling the project development, sometimes threshold actions need to be 
taken. Dynamic Scheduling is a good technique for achieving good results of the project 
development.  

Finally, once the project is finished, it is advisable to write reports about causes and consecuences of 
developing errors, as to try not to commit them again.  
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3 Earned Value Management 

 

3.1 Overview 

 

As it’s been said, Earned Value Management (EVM) is a project management technique for 
measuring project performance and progress from an objective point of view, to answer the 
question, “What did we get for the money we spent?”. It gives at the same time information about 
scope, schedule and cost. It provides accurate forecast of project performance, so that project 
managers can identify problems between what was planned and what is really happening early, and 
make adjustments that can keep projects on time and on budget. EVM uses the fundamental 
principle that patterns and trends in the past can be good predictors for the future. 

For the success of a project, managers need to constantly know the answer to some crucial 
questions, such as: 

- Are we ahead of or behind schedule? 
- How efficiently are we using our time? 
- When is the project likely to be completed? 
- Are we currently under or over the budget? 
- How efficiently are we using our resources? 
- What is the remaining work likely to cost? 
- What is the entire project likely cost? 
- How much will we be under or over budget at the end? 

EVM not only gives the answer to those questions, but also shows where problems are occurring, 
whether if the problems are critical or not, and what it will take to get the project back on track, by 
measuring and analysing the performance against baseline (PMB) and budget (BAC). 

 

3.2 Basic Elements of the Earned Value Management 

 

There are three basic concepts where EVM relies: 

- All project steps “earn” value as work is completed. 
- The Earned Value (EV) can then be compared to actual costs and planned costs to 

determine project performance and predict future performance trends. 
- Physical progress is measured in dollars, so schedule performance and cost performance 

can be analyzed in the same terms 
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Those three concepts are the explanation for the three key data points of the technique: 

- Planned Value 
- Earned Value 
- Actual Cost 

Planned Value: Planned Value (PV) is also known as Budget Cost of Work Scheduled (BCWS). At any 
given point in the project schedule, PV is the value that is planned to be spent for executing the work 
according to the original schedule. It’s the established baseline (performance measurement baseline, 
PMB) against which the actual progress of the project is measured. For traditional EVM, this baseline 
should remain without changes for the whole project, excepting if the scope of the project is 
changed, or if dynamic scheduling is applied. 

Actual Cost: Actual cost (AC) is also known as Actual Cost of Work Performed (ACWP). At any given 
point in time, is the level of resources expended on monetary units; that is, the real amount of 
money spent.  

Earned Value: Earned Value (EV) is also known as Budgeted Cost of Work Performed (BCWP). At any 
given point in time, it is a snapshot of the work progress, in monetary units. That is, the budget at 
completion established (BAC) per the percent of work complete. 

But measuring the work performed and converting that amount of resources or time into money it’s 
not that easy. That’s why the measurement techniques have to be perfectly defined before 
beginning. 

Deciding the measurement technique will depend on the duration of the effort and the tangibility of 
its product. Depending on those two key attributes, the best techniques are classified on the double 
entry table above, adapted from the PMI’s book Practice Standard for Earned Value Management. 

 

Product of Work Duration of Work Effort 
1-2 Measurement Periods* >2 Measurement Periods* 

Tangible Fixed Formula Weighted Milestone 
Percent Complete 

Intangible Apportioned effort 
Level of Effort 

Figure 1. Earned Value Measurement Techniques. Practice Standard for Earned Value Management, p10.  

 

 *The measurement periods will also be chosen at the beginning of the project by the project 
manager. The work performance is measured periodically, such as weekly or monthly. 

3 types of efforts can be distinguished on a project. It’s called discrete effort when separate and 
distinct work efforts are performed for a tangible result; the apportioned effort, which is applied to 
the project work but it’s not divisible into discrete efforts; and finally, when it comes to support-type 
activities, it’s called level of effort. 
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Fixed Formula: Simplified, easy and quick technique. It’s expressed as X/Y, which means that de X% 
of the work is credited when the task is started, and the remaining Y% will be credited at task 
completion. Noticed that X+Y=100. The most used fixed formulas are 50/50, where the 50% of the 
effort is credited as complete for the measurement period in which the work begins, and the other 
50% is credited on the period when the work is completed; others are 25/75 and 0/100. 
Recommended for small, short-duration tasks. 

Weighted Milestone: is recommended for long-duration tasks. Moreover, it’s specially 
recommended for tasks where specific milestones with verifiable deliverables to which weighted 
values of the total cost can be assigned.  

Percent Complete: Is the simplest and easiest one, but also the most subjective one, unless having 
clear and objective indicators. At each measurement period, the responsible worker or manager will 
be asked for an estimate of the percentage of work complete. These estimates are usually: 

- % Duration complete 
- % Work complete 
- % Physical units complete 
- % Physical Complete 

On the one hand, % Physical units complete is a clear objective indicator; on the other hand, % Work 
complete (for example) will be taken from the comparison of the cumulative progress made against 
the plan for each task. 

Apportioned Effort: If a task has a direct, supportive relationship to another task that has its own 
Earned Value, the value for the support task may be determined based on (or apportioned to) the 
Earned Value of the reference base activity. 

Level of Effort: Some project activities do not produce tangible outcomes that can be measured 
objectively. Examples include project management and operating a project technical library. These 
activities consume project resources and should be included in EVM planning and measurement. In 
these cases, the level of effort (LOE) technique is used for determining Earned Value. A Planned 
Value is assigned to each LOE task for each measurement period. This Planned Value is automatically 
credited as the Earned Value at the end of the measurement period. As is not easy to determinate in 
detail how to value the LOE in a generic way, it will be defined by the project manager at the 
beginning of the project. 
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For summarizing, let’s take a look to an example from PMI’s book Practice Standard for Earned Value 
Management: 

 

 

Figure 2. Work Plan and Status for an example project. Practice Standard for Earned Value Management, p12. 

6 tasks have been planned on this example. The reporting period is a month. The 50/50 technique 
has been selected to determinate Earned Value for tasks 1 and 6; the 25/75 technique has been 
selected to determinate Earned Value for task 3; and 0/100 has been selected for task 4. For tasks 2 
and 5 it’s been used the weighted milestone technique. 

 

Actual Cost: To determine Actual Cost, an organization needs to have in place a system for tracking 
costs over time and by project component. The sophistication and complexity of this system will vary 
by organization and project, but, at a minimum, some type of cost tracking system must be in place 
that can tie costs to the plan and to the way Earned Value is credited. 
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Figure 3. Cumulative Planned value, Earned Value and Actual Cost of example project. Practice Standard for Earned Value Management, 
p.14. 

In the example, four months have been through since the beginning of the project. When plotting 
the data, the discrepancies with the planned are shown. Project managers can now know if the 
project is on, ahead or over cost and scheduling. But what else? 

For accuracy and clarity, from now on EV, PV and AC will refer to the cumulative values. 

3.3 Analysis   

Up until now, all the information that EVM is giving is “Where are we, on the project status?”. But 
this technique is not that important just for giving this information.  

Once Earned Value and Planned Value are known, they can then be used to determine schedule and 
cost variance, and calculate performance efficiency. 

3.3.1 Variance Calculations 

 

Cost Variance 
Cost Variance (CV) = Earned Value – Actual Costs 

The difference between the work that has been accomplished (in dollars) and how much was spent 
to accomplish it. It indicates how much over or under the budget the project is. Positive cost variance 
indicates the project is under budget, and negative cost variance indicates that project is over 
budget. CV=0 indicates the project is on budget. 
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For better interpretation of results, it can be used in terms of percentage. 

CV % = Cost Variance (CV) / Earned Value (EV) 

It indicates how much over or under the budget the project is.  

 

Schedule Variance 
Schedule Variance (SV) = Earned Value – Planned Value 

The difference between what was planned to be completed and what has actually been completed at 
the current date. It indicates how much ahead or behind the schedule the project is going on. A 
positive value indicates the project is running ahead the schedule, while a negative value indicates 
the project is running behind. SV=0 indicates the project is on schedule. 

For better interpretation of results, it can be used in terms of percentage. 

 SV % = Schedule Variance (SV) / Planned Value (PV)  

It indicates how much over or under the schedule the project is.  

Going back to the example: 

 

Figure 4. Cumulative Planned value, Earned Value and Actual Cost of example project, with CV and SV. 

 

 

SV CV 
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That is: 

SV = EV – PV = 32 - 48= -16 (behind schedule) 

SV% = SV / PV = -16 / 48 = -33% (unfavourable) 

It means that 33% of the planned work has not been accomplished. 

CV = EV – AC = 32 – 40 = -8 (unfavourable) 

CV% = CV / EV = -8 / 32 = -25% (unfavourable) 

It means that 25% over budget it’s been already spent. 

 

3.3.2 Performance Indices 

 

Cost Performance Index 

Cost Performance Index (CPI) = Earned Value / Actual Costs 

Cost variance related as a ratio instead of a dollar amount. A ratio less than 1.0 indicates that the 
value of the work that has been accomplished is less than the amount of money spent. It’s one of the 
clearest indicators of the cumulative cost efficiency of a project. It gives the answer to the question 
“How efficiently are the resources been used?”. 

In the example: 

CPI = EV / AC = 32 / 40 = 0.8 (unfavourable) 

This means that for every project dollar spent, it only provides $0.8 worth of work. 

 

Schedule Performance Index 

Schedule Performance Index (SPI) = Earned Value / Planned Value 

Schedule variance related as a ratio instead of a dollar amount. A ratio less than 1.0 indicates that 
work is being completed slower than planned. It answers to the question “How efficiently is time 
been used?”. 

In the example: 

SPI = EV / PV = 32 / 48 = 0.67 (unfavourable)  

It indicates a 67% efficiency of time.  
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The table above shows a summary of the basic EVM Performance Measures: 

Performance Measures 
Schedule 

SV>0 & SPI>1 SV=0 & SPI=1 SV<0 & SPI<1 

Cost 

CV>0 & CPI>1 Ahead of Schedule 
Under Budget 

On Schedule 
Under Budget 

Behind the Schedule 
Under Budget 

CV=0 & CPI=1 Ahead of Schedule 
On Budget 

On Schedule 
On Budget 

Behind Schedule 
On Budget 

CV<0 & CPI<1 Ahead of Schedule 
Over Budget 

On Schedule 
Over Budget 

Behind Schedule 
Over Budget 

Figure 5. Interpretation of Basic EVM Performance Measures. Practice Standard for Earned Value Management, p16. 

 

Schedule Cost Index  

Schedule Cost index (SCI) = CR = SPI * CPI 

It gives a performance index that directly relates cost and schedule. It’s also known as Critical Ratio 
(CR). 

3.4 Forecasting 

 

The Schedule Performance and Cost Performance Indices not only monitor current project 
performance indicators. They can also be used to predict future performance trends. 

 

3.4.1 Forecasting Cost 

 

To-complete Performance Index 

To-Complete Performance Index (TCPI) = (BAC-EV) / (BAC-AC) 

Indicates the CPI required throughout the remainder of the project to stay within the stated budget. 
That is, the efficiency that must to be achieved on the remaining work to meet a specified endpoint. 
TCPI value above 1 indicates utilization of the project team for the remainder of the project can be 
stringent; TCPI value below 1 indicates utilization of the project team for the remainder of the 
project should be lenient. 
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In the example: 

TCPI = ( BAC – EV ) / ( BAC – AC ) = ( 150 – 32 ) / ( 150 – 40 ) = 1.07 

That means that, for the remaining, and to achieve the BAC at the end of the project, CPI has to 
arrive to 1.07. 

 

 

Independent Estimate at Completion 

Independent Estimate at Completion (IEAC) = AC + ETC 

Independent Estimate At Completion (IEAC) is the estimated cost of the project at the end of the 
project. A forecast of total costs that will be accrued by project completion based on past cost 
performance trends, and taking on account what is still to be spent (ETC). 

 

Estimate to complete 

Estimate to complete (ETC) = ( BAC – EV ) / PF 

Estimate to complete is the estimated cost required to complete the remainder of the project. 

PF is Performance Factor. That is, the trend that the variances are supposed to follow from now on: 

• PF=1: Variances are Typical – Past performance is not a good predictor of future 
performance. Problems/opportunities of the past will not affect the future, and the 
remaining work will be done according to plan. 

• PF=CPI: Variances will be present in the future – Past performance is a good predictor of 
future performanc). Problems/opportunities of the past will affect the future performance, 
and the remaining work will follow CPI trend (it seems to be the trend followed in the 
example). 

• PF=SCI: Variances will be present in the future – Past cost and schedule problems are good 
indicators for future performance (i.e., cost and schedule management are inseparables). 
Then, it’s assumed that the remaining work will follow the SCI trend, where SCI=SPI*CPI 
(critical ratio).  

PF will be decided by the project manager. In EVM, most of the times, the assumption is PF=CPI. 

In the example: 

ETC = ( BAC – EV ) / CPI = ( 150 – 32 ) / 0.8 = 147.50 

IEAC = AC + ETC = 40 + 147.50 = 187.50 
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Cost Variance at Completion 

Variance At Completion (VAC) = BAC – EAC 

Variance at Completion shows whether the project will finish under or over budget. That is, the 
variance on the total budget at the end of the project. 

 

In the example: 

VAC = BAC – EAC = 150 – 187.5  = -37.5  

That means that, if following with the current trends, the project will cost 37.5 units worth of 
resources more than planned. 

For better interpretation of the results, it can also be expressed as a percentage: 

VAC% = VAC / BAC  

On the example: 

VAC% = VAC / BAC = -37.5 / 150 = -25% 

 

3.4.2 Forecasting schedule 

Independent Estimate at Completion(t) 

IEACt = ( BAC / SPI ) / ( BAC / months )  

That is, the Independent Estimate at Completion expressed in time units. 

On the example: 

EACt = ( BAC / SPI ) / ( BAC / months ) = ( 150 / 0,6667) / ( 150 / 12 ) = 18 months  

The original plan was 12 months, but if the work continues at the current rate the project will finish 6 
months late. 
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3.5 Summarizing Indices 

 

Figure 6. Earned Value basics. Lipke(2003). 

Data 

 
BAC AC EV PV 

Variance  

 
CV=EV-AC 

 
CV % =CV/EV 

 
SV=EV-PV 

 
SV%=SV/PV 

Performance Indices 

 
CPI=EV/AC 

 
SPI=EV/PV 

 
SCI=CPI*SPI  

Forecasting 

 
TCPI=(BAC-EV)/(BAC-AC) 

 
IEAC=AC+ETC 

 
ETC=(BAC-EV)/PF 

 
VAC=BAC-IEAC 

 
IEAC T =(BAC/SPI)/(BAC/months)  

Figure 7. EVM metrics 
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3.6 Validity of results 

 

Earned Value Management has been used for around 40 years, providing valuable insight into project 
and schedule status during project execution. It’s been proved that it provides reliable performance 
indicators when as little as 15% of the work is completed. What’s more, it gives excellent predictions 
of the final cost of the project. The DoD study in 1977 of 400 programs proved that CPI accurately 
predicted future cost performance. However, it completely fails estimating the completion date and 
giving schedule information near the end of the project, and the study was update by Quentin 
Fleming in 1998. At some point around 2/3 into the project the SPI begins to be meaningless.  

In addition, at the project completion, when the project is late, SV=0 and SPI=1, what doesn’t make 
any sense at all. 

 

 

Figure 8. Cost and Schedule Variances. Lipke (2003). 
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Figure 9. Cost and Schedule Performance Indexes. Lipke (2003). 

 

Why? The cost indicators are referenced to actual cost (ACWP=AC, in “old” nomenclature), whereas 
the schedule indicators are referenced to the baseline performance (BCWS=PV). It is this reference to 
BCWS, which causes the problem for the schedule indicators. The end-point of BCWS is the planned 
cost for the project, Budget at completion (BAC). The end-point for the earned vale (BCWP=EV) is, 
likewise, BAC. Thus, as the earned value approaches project completion, it converges to the planned 
cost. In the case of a late project, BCWS equals BAC, while BCWP incrementally achieves the value. 

In 2003, Walt Lipke wrote his article, Schedule is Different, about the problems of EVM schedule 
metrics for forecasting finishing dates, and proposing a solution, Earned Schedule Management 
(ESM). 

Several articles have been written after that, corroborating the invalidity at some point of schedule 
indices for EVM, and proving the good results obtained with ESM. 
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4 Earned Schedule Management 

4.1 Overview 

The concept of earned schedule was introduced in the spring of 2003, demonstrating the possibility 
of describing schedule performance in units of time, with the article “Schedule is Different”, Lipke 
(2003). This article was followed a few months later by the paper “Earned Schedule: A Breakthrough 
Extension to Earned Value Theory? A Retrospective Analysis of Real Project Data” in Henderson 
(2003). This second article verified the ES measure and its derivative indicators functioned as 
described in the seminal paper, using EVM data from completed real projects. 

Earned Schedule concept is first developed by Lipke, to solve the problem with the EVM schedule 
indicators, SV and SPI. As Lipke says, “The idea of Earned Schedule is analogous to Earned Value. 
However, instead of using cost for measuring schedule performance, we would use time. Earned 
Schedule is determinate by comparing the cumulative BCWP (EV) to the performance baseline, BCWS 
(PV)”, Lipke (2003). Then, time based-indicators are easily formulated from the two measures, ES and 
AT. The associated schedule indicators behave appropriately through the entire period of project 
performance. 

 

4.2 Basic elements 

 

Considering Earned Schedule method an extension of EVM, all elements are based on EVM 
parameters.  

Earned Schedule: The key concept of the method is: “how much schedule have been earned on the 
BCWS (PV) curve?” That is obtained from the cumulative EV and the PMB. It can be calculated 
graphically or with tabulation data, with a simple interpolation.  

ES = C + I 

C = number of the PV time increments EV equals or exceeds (that is, number of whole months 
where BCWP≥BCWS) 

I =  
EV - PVC 

PVC+1 – PVC 
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Lipke shows for the first time how it works with a simple example: 

 

 

Figure 10. Earned Schedule. Lipke (2003). 

Applied on the example above, C can be found graphically:  

C = (from January through May) = 5(months). 

Then, let 

EV = 100 

PV5 (May) = 90 

PV6 (June) = 110 

So,  

I = (100-90) / (110-90) = 0.5 

And finally,  

ES = 5 + 0.5 = 5.5 months 

For the analysis and forecasting, two other basic parameters are necessary. 

Actual Time (AT): Actual Time gives the actual time duration from the project beginning to the time 
at which project status is assessed.  

Planned Duration (PD): Planned Duration will be considered the analogous “BAC”, but referring to 
time. That is, the final amount of periods that is planned to be need for finishing the project. 

For accuracy and clarity, from now on ES, PD and AT will refer to the cumulative values. 
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4.3 Analysing 

With ES and AT determined, time-based indicators can be formed. It is now possible to compare 
where the project is time-wise with where it should be in accordance with the PMB.  

To best compare, the same example as in EVM will be used. Then, for the fourth period: 

 

Figure 11. Cumulative Planned Value, Earned Value and Actual Cost. Calculations for the fourth period. Practice Standard for Earned value 
Management, p14 (modified). 

It is easy to graphically see 

AT = 4 

Is not that obvious for ES, but it is not so difficult to find it: 

ES = C + I 

As PV(3th month)=EV(4th month)<PV(4th month),  

C=3 

And, 

I = ( EV – PVC ) / ( PVC+1 – PVC)= ( 32 – 32 ) / (48 – 32) = 0 

So, 

ES = 3 
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4.3.1 Variance Calculations 

Schedule Variance 

Schedule Variance (SV(t)) = Earned Schedule (ES) – Actual Time (AT) 

Number of time units that the project lags (is ahead of) its expected performance. 

For better interpretation of results, it can be used in terms of percentage. 

 SV % = Schedule Variance (SV(t)) / Planned Duration (PD)  

In the example, 

SV(t) = ES – AT = 3 – 4 = -1 months 

At the end of the fourth month, project is running one month behind the schedule. That gives a really 
temporary notion to the project manager. Remember that, in EVM, it was found SV = -16; as a 
negative value, it also gives the notion that the project is running late, but not how much. 

SV% = SV(t) / PD = -1 / 12 = -8.3% 

In percentage, it means that we have a 8.3% of delay from the planned schedule. 

4.3.2 Performance Indices 

Schedule Performance Index 

Schedule Performance Index (SPI (t)) = Earned Schedule (ES) / Actual Time (AT) 

A ratio less than 1.0 indicates that work is being completed slower than planned. It answers to the 
question “How efficiently is time been used?”. Using Earned Schedule metrics, it this index has a 
realistic and understandable meaning for all project long, even if it’s running over or ahead the 
planned schedule. 

In the example: 

SPI (t) = ES / AT = 3 / 4 = 0.75 (unfavourable)  

In the case of SPI(t), it is still am index from 0 to 1, with same interpretation in relation to the 
schedule. But now, it gives information about how efficient are being months in relation to the total 
planned duration. At the end of April, 4 months have been through, but only the work from the three 
first months has been done. That is a 75% efficiency of periods.  

Schedule-cost Index 

Schedule-cost Index (SCI(t)) = SPI(t) * CPI 

Which gives the performance index when schedule and cost are extremely related. It is also known as 
Critical Ratio (CR) 
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4.4 Forecasting 

To-complete Schedule Performance Index 

To-Complete Schedule Performance Index (TSPI(t)) = (PD - ES) / (PD - AT) 

It has the same meaning as it’s analogous in EVM.  

In the example: 

TSPI(t) = ( PD – ES ) / ( PD – AT ) = ( 12 – 3 ) / ( 12 – 4 ) = 1.125 

That means that, for the remaining, and to achieve the BAC at the end of the project, CPI has to 
arrive to 1.125. 

When the computed value of TSPI is less than or equal to 1, there is good likelihood that the desired 
date can be achieved. However, when TSPI is greater than 1.10, there is very low probability of being 
able to meet the desired delivery date. Between 1 and 1.10, it depends a lot on the project manager 
knowledge. 

 

Independent Estimate at Completion  

Independent Estimate At Completion (IEAC (t)) is the estimated number of time periods that will 
finally take the project to be done. As seen before in EVM, it depends on the trend that the project 
will follow (PF) 

Independent Estimate at Completion (IEAC (t)) = AT + ( PD – ES ) / PF 

Where PF can be 1, SPI(t), SCI(t), or any other decided by the project manager. 

In the example: 

(IEAC (t)) = AT + (PD – ES ) / SPI(t) = 4 + ( 12 – 3 ) / 0.75 = 16 

That is, if the remaining work follows the currency SPI(t) trend, project will last 16 months. 

Estimate to complete 

Now, Estimate to complete is as easy as: 

Estimate To Complete (ETC(t))= IEAC(t) – AT 
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4.5 Summarising Indices 

Data 

 
EV PV AT CPI PD 

Basic Elements 

 
ES = C + I  

 
I  =  (EV–PV C)  /  (PV C + 1–PV C) 

Variance 

 
SV(t)=ES-AT 

Performance Indices 

 
SPI(t)=ES/AT 

 
SCI(t)=SPI(t)*CPI 

Forecasting 

 
TSPI(t)=(PD-ES)/(PD-AT) 

 
IEAC(t)=AT+(PD-ES)/PF(t)  

 
ETC(t)=IEAC(t)-AT 

Figure 12. ESM indices. 

Notice that some EVM indices are necessary for ESM metric. That’s one of the reasons why ESM is 
considered an “extension” of EVM. 

Also notice that more indices can be calculated, if the project manager needs any extra information, 
by doing some transformations on those ones.  
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5 Practical comparison between EVM and ESM 

After summarising the literature concerning both methods, let’s see everything together in a full 
example.  

Let the example above be a finished project. 2 scenarios will be compared: Late finish and early 
finish. In both of them, project is over budget. It’s been proved by several authors, like Vandevoorde 
and Vanhoucke (2005) that analogous conclusions are obtained when project is running under 
budget. As the object is to compare schedule cost-based metrics with schedule time-based metrics, 
we haven’t found necessary to develop scenario under budget. 

Please, find the detailed data for the example in Appendix A. 

5.1 Scenario 1: Ahead of schedule 

PV 48 6 14 12 16 19 21 22 8 10 6 8 8 
CUM  6 20 32 48 67 88 110 118 128 134 142 150 

              
EV 170 6 15 18 16 19 21 22 12 12 9 0 0 

CUM  6 21 39 55 74 95 117 129 141 150 150 150 

              
AC 156 6 16 14 20 22 22 23 13 12 8 0 0 

CUM  6 22 36 56 78 100 123 136 148 156 156 156 
 

 

Figure 13. EV, AV and PV for scenario 1, ahead of schedule. 

It’s clear to see that the project is running ahead of schedule but with an over-cost. 
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Figure 14. CV and SV for scenario 1, ahead of schedule. 

 

Cost Variance perfectly outperforms the resources spent during the project. What’s more, how much 
(in currency units). However, problems with SV are really easy to see. On the one hand, it’s not giving 
an insightful image of how much ahead of schedule is the project running. On the other hand, as it’s 
been said, SV=0 when PV=EV. It doesn’t make any sense, as project has not finished on schedule. 

 

 

Figure 15. SV and SV(t) for scenario 1, ahead of schedule. 

SV and SV(t) correlate fairly well trend until month number 10. While SV trend just says that project 
is running ahead of schedule, SV(t) exactly shows that the project is finishing 2 months early. 

-10

-5

0

5

10

15

20

1 2 3 4 5 6 7 8 9 10 11 12

$

months

CV

SV

0

0,5

1

1,5

2

2,5

3

3,5

0

2

4

6

8

10

12

14

16

18

1 2 3 4 5 6 7 8 9 10

m
on

th
s

$

months

SV

SV(t)

26 
 



 

Figure 16. SPI and SPI(t) for scenario 1, ahead of schedule. 

From the first month to the seventh month, SPI correlates fairy ell SPI(t) trend.  

In an early finish project, comparing EVM and ESM doesn’t show dramatically differences.  
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5.2 Scenario 2: Behind schedule 

PV 48 6 14 12 16 19 21 22 8 10 6 8 8 0 0 
CUM  6 20 32 48 67 88 110 118 128 134 142 150 150 150 

                
EV 140 6 15 15 16 15 20 20 8 9 7 10 6 5 5 

CUM  6 21 30 45 60 80 100 108 117 124 134 140 145 150 

                
AC 166 7 15 13 17 20 22 24 11 11 8 9 9 10 12 

CUM  7 22 35 52 72 94 118 129 140 148 157 166 176 188 
 

 

Figure 17. EV, AC and PV for scenario 2, behind the schedule. 

It is clear that project is running behind the schedule, with an over-cost.  

 

Figure 18. CV and SV for scenario 2, behind the schedule. 
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CV perfectly outperform the fact that project is over budget. What’s more, it shows how much, in 
currency units. Both CV and SV track quite well until period number 12, when SV turns completely 
meaningless, ending at SV=0, which is not true. 

 

Figure 19. SV and SV(t) for scenario 2, behind the schedule. 

In this graphic, the meaningless outperformance of SV is contrasted with the perfect insight that 
gives SV(t). Project will finish 2 months late. 

 

Figure 20. SPI and SPI(t) for scenario 2, behind the schedule. 

Once again, the lack of understanding of SPI, finishing at SPI=1 although project is over schedule. Also 
notice that in this case, the divergence between SPI and SPI(t) begin exactly at 50% of project 
development.  
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5.3 Conclusion  

Despite the fact that EVM it’s been a really extended project monitoring and controlling technique, it 
has always been known that the cost-based schedule indicators have strange behaviour over the final 
third of the project. But, in 2003, Lipke presented the concept of time-based indicators.  

Several articles and books over 11 years have proven the good results of ES metrics in front of EV 
schedule metrics. To mention, Vandevoorde and Vanhoucke (2005), Lipke (2008). And Corovic 
(2007). That last one literally says on his conclusions: “...schedule performance indicators calculated 
with conventional EVM are deficient for the majority of commercial projects and, as such, they 
shouldn’t be used in schedule performance management. They are not just less precise, they are 
fundamentally wrong. On the other hand, the alternative practice called Earned Schedule works very 
well.” 

In fact, the key advantages of ESM in front of EVM are clear: 

- Expressed in time units, makes it easier to comprehend the status of the project; 
- Does not revert back to 1 at the end of the project; 
- It has more predictive capability. 

 

However, it is recommend to apply both techniques. On the one hand, ESM needs EVM parameters. 
On the other hand, although ESM gives better information about scheduling, project managers do 
also take budget under control.  
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6 Dynamic Scheduling 

6.1 Introduction 

Earned Value Management and Risk Management (RM) processes provide project managers with the 
best information for planning and controlling project development. On the on hand, EVM establish 
performance status and inform of future trends on cost and scheduling. That helps decision makers 
to take recovery actions as to try to finish the project on budget and on schedule. On the other hand, 
RM takes into account the uncertainty to identify risks and recommend early action to be taken to 
limit the impact and probability of threat occurrence.  

Both of them have proven their worth. As they focus in different project development levels (RM 
focuses on planning stage, while EVM and ESM focus on control and monitoring stage while 
developing), and in different WBS levels (EVM is applied to higher levels of WBS, while RM is applied 
to activity level), they are not mutually exclusive. So, why not to use them together?  

A lot of literature can be found about interfacing EVM and RM. In 2008 the Association for Project 
Management (APM) published the guide Interfacing Risk and Earned Value Management. Assuming 
basic knowledge of both techniques, it gives the outperforming steps that have to be followed to 
exploit the best practices of both of them.  

EVM relies on the establishment of a baseline against which performance can be measured in terms 
of cost and schedule. This baseline needs a management reserve; that is, budget and schedule buffer 
provision, as to be capable to mitigate the effects of the unexpected.  

Alternatively, RM provides the process to derive the management reserve appropriately through 
rigorous risk identification analysis. As they literally say, “A baseline that takes no account of risk is 
extremely unlikely to be achieved; similarly, risk response actions that are not resourced and 
effectively monitored are unlikely to produce the desire results” (Interfacing Risk and Earned Value 
Management, page xi). So, they propose to create, by an iterative process, a project baseline that 
includes PMB, specific (SRP) and non-specific risk (NSRP) provision. After that, forecasting will be 
applied separately to the components. That is: 

IEAVPROJECT=IEACPMB+IEACSRP+IEACNSRP 

If the resulting EAC is unacceptable, project manager may propose changes on the planning, that 
have to be reflected on the readjustment of PMB, SRP, NSRP and schedule reserve. 

Apart from that, as good job of both techniques working together has been proved, the project 
manager community also have a deep research branch on what is called Dynamic Scheduling. 
Dynamic Scheduling perspective considers three connected fields of project management: project 
scheduling, analysis of risk and sensitivity of a project schedule’s estimates and project monitoring 
and control during the progress of the project.  

Once the baseline schedule is determined, it acts as a point-of-reference for schedule risk analysis 
(SRA) and for project performance measurements (like EVM). 
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Figure 21. Dynamic Scheduling diagram. Project Management with Dynamic Scheduling, p255. 

 

6.2 Schedule Risk Analysis 

The SRA connects the risk information of project activities to the baseline schedule, in order to 
provide sensitivity information of individual project activities to predict the expected influence of 
variability in activity durations/costs on the project objective. 

Basically, four steps have to be followed to complete a traditional SRA: 

Step 1. Baseline schedule 

As it’s been said, in dynamic scheduling, the Baseline Schedule acts as a point-of-reference for the 
SRA. 

Step 2. Define risk/uncertainty 

Is based on the uncertainty inherent in estimating any element of work. For doing it, statistical play 
an important role, and sometimes it is not that obvious. However, for simplifying, a three-point 
estimate can be used. That is, estimate each item of work using a minimum, most likely (mean) and 
maximum value. 

Step 3. Monte-Carlo simulations 

Monte Carlo Simulation is a computerized mathematical technique. With the project details and the 
uncertainty profile defined in step 2, it runs simulating real project data. Each simulation run 
generates a duration and a cost for each activity. The software also records project schedules and 
critical paths for each simulation.  
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Step 4. Outputs 

The output of a schedule risk analysis is a set of measures that define the degree of activity criticality 
and sensitivity, taken from the simulations from step 3. These are: 

• Criticality Index (CI): Measures the probability that an activity is on the critical path.  
• Significance Index (SI): Measures the relative importance of an activity.  
• Schedule Sensitivity Index (SSI): Measures the relative importance of an activity taking the CI 

into account. 
• Cruciality Index (CRI): Measures the correlation between the activity duration/cost and the 

total project duration/cost. 

Each measure gives information to the project manager of how sensitive the activity is towards the 
final project duration or total cost. That is, they give an indicator of the potential impact of the 
changes in the baseline activity durations and costs on the overall project objective. They also help 
the project manager to distinguish between risky and non-risky activities.   

Now, risk information of project activities and baseline schedule are connected.  

6.3 Bottom-up project control 

The project manager will identify risky and non risky activities, thanks to RSA outputs. Having 
identified risky activities, they can set action threshold that act as a mechanism to take corrective 
actions in case the project is not running as expected. For doing so, the set of activities is split into 
three classes, based on the values of the sensitivity measures obtained. 

If “sensitivity measures < 30%” then “safe zone”; 

If “30% < sensitivity measures < 60%” then “watch out zone”; 

If “sensitivity measures > 60% “then “dangerous zone.” 

And especial attention will be paid to activities in the “dangerous zone”. 

 

Figure 22. Bottom-up project control using schedule risk analysis. PM knowledge Centre. 
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Since the action threshold(s) define(s) the intensity of control at the lowest level of the WBS (activity 
level) in order to control and manage the overall project objective at the highest WBS level, this 
approach is referred to as bottom-up project control.  

 

6.4 Top-down project control 

As it’s been shown, EVM is a project control technique, used to have a picture of the current status of 
the project and to forecast the remaining work. This method offers the project manager an easy 
“sanity check” on higher levels of the WBS. It provides early warning signals to detect project 
problems or opportunities in an early stage. By analysing the performance indices (as SPI and CPI), 
they can see if project is running on budget and on schedule. 

This early warning signals are an opportunity to the project manager to set threshold actions in case 
the project is running out of control. However, the indicators (SPI and CPI) are based on the overall 
project, at higher levels of the WBS. In case of warning, the actions are to be set on the lowest level 
of the WBS. That is, the activity level.  

Figure 23 shows the top-down control approach, where project based performance measures give an 
indication of the current performance that act as a trigger to drill down to the lowest WBS levels to 
find out where the problems really are.  

 

Figure 23. Top-down project control using schedule risk analysis. PM Knowledge Centre. 

 

6.5 Linking RSA and Project Control 

For the lasts years, some authors have going further, linking RSA and Project Control.  

In 2012, Raafat Elshaer published an article stydying the impact of activities’ sensitivity information 
on the forecasting accuracy of the ESM method.  

In the study, he tries to improve the forecasting accuracy of ESM by removing/decrasing the false 
warming effects caused by the non critical activities, by merging the sensitivity information into the 
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earned value calculations. ESM indices will be multiplied by a weighting factors α, where α  {1, CI, 
SI, SSI, CRI}. He finally concludes that ESMCI (that is, ESM based on the critical index CI), is considered 
the most reliable metric in forecasting a project’s final duration. Even though, he recommends to use 
at the same time the traditional ESM and the weighted ESMCI. 

 

6.6 Conclusion 

Bottom-up and Top-down project control techniques are two really two good ways for controlling 
project’s performance. Both of them allow the project manager to have a general overview of how is 
the project going at higher levels of the WBS, always bearing in mind the problems that can happen 
at the activity level. 

 

 

Figure 24. WBS levels; top-down and bottom-up project control. earnedschedule.com 

Besides, Risk Schedule Analysis is a useful technique that will help project managers to mitigate the 
consequences of problems in the project’s development, or also to exploit the opportunities, by 
showing the sensitivity of each activity in advance, but also creating risk provision buffers. 

Moreover, a link between both techniques (RSA and ESM) can be done, just by merging in an 
intelligent way the indicators coming from each. That will help project managers with false warning 
coming from non-critical activities. 
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7 Conclusions 

In this work we have studied some relevant elements of project management, specifically in the 
frame of project control. 

On the first part, we have given an insight of EVM technique. Although it has been used since for a 
long time, it has always presented some lacks. As all the indicators are expressed in currency units, 
and referred to the planned value, some of them became meaningless by the end of the project. For 
this reason, schedule indicators are not found reliable by project managers. But in 2003 ESM was 
presented, as an extension of the first one. ESM use time-based indicators, which behave correctly 
over the entire period of the project performance.  

Moreover, we have proven the results found on literature by applying both techniques to a complete 
project. 

On the second part, we have focused on Dynamic Scheduling. This technique is twofold: on the one 
hand, it uses EVM, or ESM, to do the project’s control, applying top-down strategy; on the other 
hand, it uses risk management as to take into account the activities’ sensitivity, applying bottom-up 
procedure.   

We finish these part introducing an emergent approach of dynamic scheduling, which merges both 
RSA and EVM. 

It is our will to stress out the importance of a well project management technique, as lots of 
resources can be saved. Strong and self consistent techniques are nowadays being used, but it is 
important to keep on researching to improve them as much as possible.  
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Abbreviations 

EVM   Earned Value Management 
ESM   Earned Schedule Management 
WBS Work Breakdown Structure 
PMB Performance Measurement Baseline 
BAC Budget at Completion 
PV Planned Value 
EV Earned Value 
AC Actual Cost 
ACWP Actual Cost of work Performed 
BCWP Budgeted Cost of Work Performed 
CV Cost Variance 
CPI Cost Performance Index 
SPI Schedule Performance Index 
SCI Schedule-Cost Performance Index 
TCPI To Complete Performance Index 
ETC Estimated to Complete 
IEAC Independent Estimated at Completion 
PF Performance Factor 
VAC Variance at Completion 
ES Earned Schedule 
AT Actual Time 
PD Planned Duration 
SRP Specific Risk Provision 
NSRP Non-Specific Risk Provision 
SRA Schedule Risk Analysis 
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Appendix A. Data 

Scenario 1: Ahead of Schedule 

PV 6 14 12 16 19 21 22 8 10 6 8 8 

CUM 6 20 32 48 67 88 110 118 128 134 142 150 

             
EV 6 15 18 16 19 21 22 12 12 9 0 0 

CUM 6 21 39 55 74 95 117 129 141 150 150 150 

             
AC 6 16 14 20 22 22 23 13 12 8 0 0 

CUM 6 22 36 56 78 100 123 136 148 156 156 156 

             
índex Jan Feb Mar Apr May Jun Juli Ag Set Oct Nov Dec 

 
1 2 3 4 5 6 7 8 9 10 11 12 

             
EV 6.000 21.000 39.000 55.000 74.000 95.000 117.000 129.000 141.000 150.000 150.000 150.000 

AC 6.000 22.000 36.000 56.000 78.000 100.000 123.000 136.000 148.000 156.000 156.000 156.000 

PV 6.000 20.000 32.000 48.000 67.000 88.000 110.000 118.000 128.000 134.000 142.000 150.000 

BAC 150.000 150.000 150.000 150.000 150.000 150.000 150.000 150.000 150.000 150.000 150.000 150.000 

             
CV 0.000 -1.000 3.000 -1.000 -4.000 -5.000 -6.000 -7.000 -7.000 -6.000 -6.000 -6.000 

CV% 0.000 -0.048 0.077 -0.018 -0.054 -0.053 -0.051 -0.054 -0.050 -0.040 -0.040 -0.040 

SV 0.000 1.000 7.000 7.000 7.000 7.000 7.000 11.000 13.000 16.000 8.000 0.000 

SV% 0.000 0.050 0.219 0.146 0.104 0.080 0.064 0.093 0.102 0.119 0.056 0.000 

CPI 1.000 0.955 1.083 0.982 0.949 0.950 0.951 0.949 0.953 0.962 0.962 0.962 

SPI 1.000 1.050 1.219 1.146 1.104 1.080 1.064 1.093 1.102 1.119 1.056 1.000 

SCI 1.000 1.002 1.320 1.125 1.048 1.026 1.012 1.037 1.049 1.076 1.016 0.962 

ETC 144.000 129.000 111.000 95.000 76.000 55.000 33.000 21.000 9.000 0.000 0.000 0.000 

 
144.000 135.143 102.462 96.727 80.108 57.895 34.692 22.140 9.447 0.000 0.000 0.000 

 
144.000 128.707 84.071 84.417 72.530 53.629 32.617 20.252 8.576 0.000 0.000 0.000 

IEAC 150.000 157.143 138.462 152.727 158.108 157.895 157.692 158.140 157.447 156.000 156.000 156.000 

VAC 0.000 -7.143 11.538 -2.727 -8.108 -7.895 -7.692 -8.140 -7.447 -6.000 -6.000 -6.000 

IEACt 12.000 11.429 9.846 10.473 10.865 11.116 11.282 10.977 10.894 10.720 11.360 12.000 

TCPI 1.000 1.008 0.974 1.011 1.056 1.100 1.222 1.500 4.500 0.000 0.000 0.000 

             
AT 1.000 2.000 3.000 4.000 5.000 6.000 7.000 8.000 9.000 10.000 11.000 12.000 

PD 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 

C 1.000 2.000 3.000 4.000 5.000 6.000 7.000 9.000 10.000 12.000 12.000 12.000 

ES 1.000 2.083 3.438 4.368 5.333 6.318 7.875 10.100 12.167 12.000 12.000 12.000 

SV(t) 0.000 0.083 0.438 0.368 0.333 0.318 0.875 2.100 3.167 2.000 1.000 0.000 

SPI(t) 1.000 1.042 1.146 1.092 1.067 1.053 1.125 1.263 1.352 1.200 1.091 1.000 

SCI(t) 1.000 0.994 1.241 1.073 1.012 1.000 1.070 1.198 1.288 1.154 1.049 0.962 

IEAC (t) 12.000 11.520 10.473 10.988 11.250 11.396 10.667 9.505 8.877 10.000 11.000 12.000 

ETC(t) 11.000 9.520 7.473 6.988 6.250 5.396 3.667 1.505 -0.123 0.000 0.000 0.000 

TSPI(t) 1.000 0.992 0.951 0.954 0.952 0.947 0.825 0.475 -0.056 0.000 0.000 
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Scenario 2: Behind the Schedule 

PV 6 14 12 16 19 21 22 8 10 6 8 8 0 0 

CUM 6 20 32 48 67 88 110 118 128 134 142 150 150 150 

               EV 6 15 15 16 15 20 20 8 9 7 10 6 5 5 

CUM 6 21 30 45 60 80 100 108 117 124 134 140 145 150 

               AC 7 15 13 17 20 22 24 11 11 8 9 9 10 12 

CUM 7 22 35 52 72 94 118 129 140 148 157 166 176 188 

               índex Jan Feb Mar Apr May Jun Juli Ag Set Oct Nov Dec Ene2 Feb2 

 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

               EV 6.000 21.000 30.000 45.000 60.000 80.000 100.000 108.000 117.000 124.000 134.000 140.000 145.000 150.000 

AC 7.000 22.000 35.000 52.000 72.000 94.000 118.000 129.000 140.000 148.000 157.000 166.000 176.000 188.000 

PV 6.000 20.000 32.000 48.000 67.000 88.000 110.000 118.000 128.000 134.000 142.000 150.000 150.000 150.000 

BAC 150.000 150.000 150.000 150.000 150.000 150.000 150.000 150.000 150.000 150.000 150.000 150.000 150.000 150.000 

               CV -1.000 -1.000 -5.000 -7.000 -12.000 -14.000 -18.000 -21.000 -23.000 -24.000 -23.000 -26.000 -31.000 -38.000 

CV% -0.167 -0.048 -0.167 -0.156 -0.200 -0.175 -0.180 -0.194 -0.197 -0.194 -0.172 -0.186 -0.214 -0.253 

SV 0.000 1.000 -2.000 -3.000 -7.000 -8.000 -10.000 -10.000 -11.000 -10.000 -8.000 -10.000 -5.000 0.000 

SV% 0.000 0.050 -0.063 -0.063 -0.104 -0.091 -0.091 -0.085 -0.086 -0.075 -0.056 -0.067 -0.033 0.000 

CPI 0.857 0.955 0.857 0.865 0.833 0.851 0.847 0.837 0.836 0.838 0.854 0.843 0.824 0.798 

SPI 1.000 1.050 0.938 0.938 0.896 0.909 0.909 0.915 0.914 0.925 0.944 0.933 0.967 1.000 

SCI 0.857 1.002 0.804 0.811 0.746 0.774 0.770 0.766 0.764 0.775 0.805 0.787 0.796 0.798 

ETC 144.000 129.000 120.000 105.000 90.000 70.000 50.000 42.000 33.000 26.000 16.000 10.000 5.000 0.000 

 
168.000 135.143 140.000 121.333 108.000 82.250 59.000 50.167 39.487 31.032 18.746 11.857 6.069 0.000 

 
168.000 128.707 149.333 129.422 120.600 90.475 64.900 54.812 43.200 33.535 19.865 12.704 6.278 0.000 

IEAC 175.000 157.143 175.000 173.333 180.000 176.250 177.000 179.167 179.487 179.032 175.746 177.857 182.069 188.000 

VAC -25.000 -7.143 -25.000 -23.333 -30.000 -26.250 -27.000 -29.167 -29.487 -29.032 -25.746 -27.857 -32.069 -38.000 

IEACt 12.000 11.429 12.800 12.800 13.400 13.200 13.200 13.111 13.128 12.968 12.716 12.857 12.414 12.000 

TCPI 1.007 1.008 1.043 1.071 1.154 1.250 1.563 2.000 3.300 13.000 -2.286 -0.625 -0.192 0.000 

               AT 1.000 2.000 3.000 4.000 5.000 6.000 7.000 8.000 9.000 10.000 11.000 12.000 13.000 14.000 

PD 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 12.000 

C 1.000 2.000 2.000 3.000 4.000 5.000 6.000 6.000 7.000 8.000 9.000 11.000 11.000 12.000 

ES 1.000 2.083 2.615 3.588 4.400 5.364 6.250 5.091 5.909 6.000 7.444 10.111 11.375 12.000 

SV(t) 0.000 0.083 -0.385 -0.412 -0.600 -0.636 -0.750 -2.909 -3.091 -4.000 -3.556 -1.889 -1.625 -2.000 

SCI(t) 0.857 0.994 0.747 0.776 0.733 0.761 0.757 0.533 0.549 0.503 0.578 0.711 0.721 0.684 

SPI(t) 1.000 1.042 0.872 0.897 0.880 0.894 0.893 0.636 0.657 0.600 0.677 0.843 0.875 0.857 

IEAC (t) 12.000 11.520 13.765 13.377 13.636 13.424 13.440 18.857 18.277 20.000 17.731 14.242 13.714 14.000 

ETC(t) 11.000 9.520 10.765 9.377 8.636 7.424 6.440 10.857 9.277 10.000 6.731 2.242 0.714 0.000 

TSPI(t) 1.000 0.992 1.043 1.051 1.086 1.106 1.150 1.727 2.030 3.000 4.556 - -0.625 0.000 
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