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[bookmark: _Toc403995711]Overview

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Purpose
The purpose of the Risk Management Methodology is to provide a recommended method for agencies to use in order to better manager risks associated with projects.  Each agency should assess their level of competency in risk management and use the information contained within this document to their best advantage.

RISK - an uncertain event or condition that, if it occurs, has a positive or negative effect on one or more project objectives. 

The benefit of good risk management is the ability take advantage of opportunities that will aid the project while at the same time reduce the number of issues that   may arise within the project.  Projects can benefit greatly when the project team identifies opportunities and plans strategically to exploit them.  The reduction of threats means a reduction in chaos within the project, which leads to a reduction of negative impacts with resources, cost, schedule, and other aspects of the project.  A project manager that has the ability to provide good risk management is a real benefit to the project and will help create an environment for which both the project and the project team can be successful.


[bookmark: _Toc403995712]Plan for Risk Management
The project manager will begin risk management with the development of a Risk Management Plan.  The Risk Management Plan is a subsidiary plan to the Project Management Plan and includes the following:

[image: ]Risk Management Process – Describe how  risks be identified, analyzed, responded to and monitored.  

Roles and Responsibilities – identify the different roles that will be involved in risk management and the responsibilities for each role.

Risk Categories – list the different Risk Categories.  This can be a Risk Breakdown Structure.

Risk Impact Analysis Approach – list the  methods(s)for calculating the impact and probability for each risk.

Tools – list the tools to be used to help manage risks.

Supporting Document – list the documents to be used to help manage risks.




The process for managing risks is comprised of the following four major steps:
1. Identify Risks
2. Analyze/Assess Risks
3. Develop a Risk Response, and
4. Monitor and Control Risks

These steps flow in a consistent manner as described in the following diagram.
[image: ]
[bookmark: _Toc403995713]Identify Risks
This step in the process is used to identify the possible risks that could impact a project.  Identifying risks should begin as soon as the project officially begins during the Initiating Process and should continue through all of the remaining project processes - Planning, Executing, Monitoring & Controlling and Closeout.  Often times the project stakeholders will have a good understanding of possible risks.  Therefore it is suggested that project managers inquire about risks while they are identifying the project stakeholders.  

When creating the Project Management Plan, the project manager should meet with the project team and discuss possible projects risks.  During the executing portion of the project, the project manager should regularly inquire about possible project risks and communicate captured risks to the project team.  While monitoring the work progress and evaluating decisions to help control the work of the project, the project manager should again inquire about possible risks that could impact the project.  As they are identified, these risks and any applicable information pertaining to the risks should be documented in the Project Log.  The Project Log is a Microsoft Excel file containing multiple tabs for capturing project information such as risks, action items, issues, decisions and changes for their projects.  . Even though all the information contained about a risk may not be known at the time of identification, it is still important to capture the risk in the Project Log.  This will prompt the project manager to do further analysis about the risk at a later time, ensuring the risk is fully understood and the proper response is planned for the risk.  

Depending on the type of project being performed, there may be certain risks that are commonly present for every project.  For example, within Information Technology (IT) projects, there is always a possibility that resources may need to shift to a higher priority project.  In fact, this is a possibility for every project.  Loss of funding for an IT project is another common risk.  Because these risks are common and happen frequently does not mean that they should be invalidated.  They should be documented and put through the planning process, with preparations being made if in fact they do occur.  

Reviewing the Work Breakdown Structure (WBS) could reveal possible risks within the project.  The WBS will contain all the work to be performed during the project.  By mentally walking through all the work, and thinking about what resources are required to perform that work, the project team may discover possible risks.  This process is made easier when relationships exist between activities, and the project team can analyze the flow of the work using the network diagram of the project schedule.  Reviewing the places in the project where hand-offs take place, where one activity depends on the information produced by a preceding activity, especially across different organizations, could reveal project risks.  Hand-offs could include information, hardware, technology, a diagram, specification, etc.  These hand-off points are where things can fall through the cracks due to a lack of effective communication and delays to the project can be the result.

Also, when reviewing the WBS look at the work itself.  Ask yourself, “what are possible things that could impact the work?”  For example, if your project is an office move, and the WBS contains activities for transporting boxes and equipment via a truck to the new location, you may want to review the new location to understand where the loading dock resides.  Does this location pose any risk to the move?  Thinking things through further, is there ever a time the loading dock is not available?  By inquiring with the building’s maintenance people, you may find out there is another group moving in on the same day, which would impact the availability of the loading dock.  Continuing the thought process and thinking about moving materials from the loading dock to the office space, is there any risk associated with using elevators?  Is there an elevator maintenance schedule that can be reviewed to make sure elevators will be available for the move?  Reviewing the work to be performed and the flow of the work, while asking “what could impact the work we’re trying to perform?” could expose potential project risks.

Assumptions within a project always add risks.  Step back and consider the things within your project (work, resources, funding, deliverables, etc.) that you are assuming will be present for your project.  The project manager should ask themself, is there a possibility they will not be available for my project?  Try to question everything, document the risks and put them through the risk management process. 

Outside of the common project risks there are also the esoteric risks.  Examples of these risks would be, the possibility of meteor hitting planet earth, or World War III taking place.  Although there is a possibility that these events could happen, the probability is so low that it’s not worth taking the time to put them through the process.  While receiving possible risks, do a quick filter to understand the probability to identify what risks need to capture your attention.

Techniques
There exists a number of ways to garner project risks.  The following are possible techniques that could be used:

Brainstorming – creating a comprehensive list of risks to analyze further.

Interviewing – talking to experienced project participants, stakeholders, and other subject matter experts.

SWOT – examining strengths, weaknesses, opportunities and threats.

Expert Judgment – inquire of resources with relevant experience in similar projects or business area.

Tools
When identifying risks, the project manager wants to capture three pieces of information:
1. The risk event
2. The trigger event for the risk event, and 
3. The impact the risk event will have on the project

As an aid to the project manager, the following sentence, filling in the information above as appropriate, may help members of the project team identify risks:
“If ___[Trigger Event]___ occurs, there is a risk that ____[Risk Event]___ could happen.  Then the project would be impacted by ___[Impact to Project]___.”

During this process the table below is a good format to use for capturing this information.  

	Risk Identification Table

	Trigger Event 
	Risk Event
	Impact to Project

	Poor planning of business work during the project.
	Poor User Involvement
	Deliverables are not reviewed in a timely manner causing delays in the schedule.

	Resources were directed to a higher priority project.
	Loss of technical resources
	Technical decisions would be delayed.

	Project sponsors could be distracted by other pressing issues and not exercise the necessary involvement for the project
	Poor Sponsor involvement
	Lack of decisions and guidance for the project.



Once complete, the information can be transferred to the Project Log-Risk Register.  Initially enter the description, type, date opened, status, category, risk triggers and assign a risk owner to assess the risk and monitor/manage the risk.  If a risk owner is not identifies, the 

Project Log – Risk Register  

[image: ]


Sorting the risks according to type will group all the opportunities and threats together.  Then, sorting by category allows the project manager to create a Risk Breakdown Structure.  This helps organize the risks for better understanding of the risks.  The following are sample categories of risks:
· 
· Architecture
· Business
· Change Management
· Cost
· Customer Satisfaction
· End User
· Enterprise
· Political
· Quality
· Regulatory
· Requirements
· Resource Availability
· Schedule
· Staffing
· Technology
· Vendor


This will help with the analysis of the risks as well as the monitoring and management of the risks.  
[bookmark: _Toc403995714]Analysis/Assess Risks
The analysis and assessment of risk is the step where the likelihood of a risk occurring and the impact the risk will have on the project are established.  This is accomplished through the use of qualitative and quantitative analysis.  This analysis will start in the Initiating phase of the project.

Qualitative Analysis
*Qualitative Analysis is the process of prioritizing risks for further analysis or action by assessing and combining their probability of occurrence and impact.

During the Qualitative Analysis, it is the Risk Score that is used to help prioritize risks.  The Risk Score is a product of both the probability and the impact of a risk.  The following is the calculation used:

Risk Score = Probability Value x Impact Value

This calculation uses the following table for the values to be used to derive the Risk Score:

[image: ]

To determine which Probability Value and Impact Value are to be used, the risk’s Probability Rating and Impact Rating must be established.

Probability Rating
To determine the Probability Rating of a risk, a scale must be created and consistently used for all risks identified.  The following represents a three point scale:

Sample 3-point scale for Probability Rating
	Probability Rating
	Probability %

	High
	66-100%

	Moderate
	33-65%

	Low
	0-32%



Members of the team should study the risk and determine the most accurate probability and the associated Probability Rating – High, Moderate or Low.  

Impact Rating
Like the Probability Rating, the Impact Rating is described as High, Moderate or Low.  The Impact Rating is determined by a calculation, the result of which is the Impact Score.  The following is the calculation for the Impact Score:*This definition was taken from the Project Management Institute, A Guide to the Project Management Body of Knowledge, (PMBOK® Guide) – Fifth Edition, Project Management Institute, Inc., 2013.


Impact Score = Scope value x Schedule value x Cost value x Quality value

The values for scope, schedule, cost and quality are determined by using a matrix containing information about each one.  The following is an example for opportunity impacts:

[image: ]

The following is an example for threat impacts:

[image: ]

Using the following table, a score for Scope, Schedule, Cost and Quality can be established.

[image: ]

By way of example, the following is the calculation to determine the Impact Score for a risk with Scope = Moderate; Schedule = High; Cost = High; and Quality = Moderate:

[image: ]


Impact Score = 2 x 3 x 3 x 2 = 36

A table must be developed to determine range of scores for the different values associated with the Probability Ratings.  The following are examples of the different ranges depending on the type of risk:

[image: ]

With an Impact Score of 36, the Impact Rating for the sample risk is “High.”  

The sample risk has been identified as having an Impact Rating of “High.”

Using the table below, the Probability Values and the Impact Values can be identified that will be used to calculate the Risk Score.

[image: ]

Multiplying each probability value with each impact value creates the Probability Impact Matrix (PIM).  Because we are tracking risks that represent both opportunities for the project and threats to the project, two PIM tables should be used, one for each.

Sample PIM using a 3-point scale for Opportunities.
	Probability
	Impact

	
	
	Low
	Moderate
	High

	
	High
	3x2=6
	3x4=12
	3x6=18

	
	Moderate
	2x2=4
	2x4=8
	2x6=12

	
	Low
	1x2=2
	1x4=4
	1x6=6



Because an opportunity represents potential added value to the project it is displayed using a positive number.  Risks that represent threats to a project are represented using a negative number.  The same calculation above is used for both, except when calculating a Risk Score for a threat, the Risk Score is multiplied by a (-1).

Sample PIM using a 3-point scale for Threats.
	Probability
	Impact

	
	
	Low
	Moderate
	High

	
	High
	-1(3x2)=-6
	-1(3x4)=-12
	-1(3x6)=-18

	
	Moderate
	-1(2x2)=-4
	-1(2x4)=-8
	-1(2x6)=-12

	
	Low
	-1(1x2)=-2
	-1(1x4)=-4
	-1(1x6)=-6



Colors can be added to the PIM identifying the Risk Scores for opportunities that are a high priority (green), moderate priority (yellow) and low priority (red).

Sample PIM using a 3-point scale with color for Opportunities.
	Probability
	Impact

	
	
	Low
	Moderate
	High

	
	High
	6
	12
	18

	
	Moderate
	4
	8
	12

	
	Low
	2
	4
	6



For threats, the colors are the opposite in the PIM identifying the Risk Scores for opportunities that are a high priority (red), moderate priority (yellow) and low priority (green).

Sample PIM using a 3-point scale with color for Threats.
	Probability
	Impact

	
	
	Low
	Moderate
	High

	
	High
	-6
	-12
	-18

	
	Moderate
	-4
	-8
	-12

	
	Low
	-2
	-4
	-6






EXAMPLE of Qualitative Analysis - Opportunity

RISK: If the new data center is completed early, then the project can take advantage of the new technology, which will optimize the software development process.

Probability Rating – The probability of the data center completing early is 35% so the Probability Rating is “Moderate.”

Impact Rating: 

[image: ]

1 x 2 x 2 x 2 = 8

[image: ]

The Impact Rating is “Low.”


Using the following table, the Risk Score and be derived:

[image: ]

The Probability Rating is “Moderate” so the Probability Value = 2
The Impact Rating is “Low” so the Impact Value = 2

Risk Score = 2 x 2, or 4

Using the PIM for Opportunities we find this risk resides in the RED area.  This means it is something to be aware of, but as the project manager, you may not want to put any resources towards it because it doesn’t score very high.

	Probability
	Impact

	
	
	Low
	Moderate
	High

	
	High
	6
	12
	18

	
	Moderate
	4
	8
	12

	
	Low
	2
	4
	6






EXAMPLE of Qualitative Analysis - Threat

RISK: If the user community does not become properly involved in the requirements gathering phase of this software development project, there is a chance we will miss an important feature.

Probability Rating – The probability of this group not placing the proper priority of the requirements phase of the project is 80% so the Probability Rating is “High.”

Impact Rating:
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3 x 3 x 3 x  2 = 54

[image: ]


The Impact Rating is “High.”


Using the following table, the Risk Score and be derived:

[image: ]

The Probability Rating is “High” so the Probability Value = 3
The Impact Rating is “High” so the Impact Value = 6

Because the risk is a Threat, a -1 multiplier is included in the calculation:
Risk Score = -1(3 x 6), or -18

Using the PIM for Opportunities we find this risk resides in the RED area.  This means it is something to keep a very close watch on.

	Probability
	Impact

	
	
	Low
	Moderate
	High

	
	High
	-6
	-12
	-18

	
	Moderate
	-4
	-8
	-12

	
	Low
	-2
	-4
	-6




Project Log – Risks Register
[image: ]

The Risk Register within the Project Log will calculate the Risk Score based on the inputs to the Probability and Impact fields.  The Risk Register will also colorize the risks based on the PIM parameters presented in this document.  

Prioritizing project risks - Risks can be prioritized using any of the fields contained in the Risk Register.  Using the sorting capability native to Microsoft Excel, users have the ability to sort risks based on the different fields.  This allows the a variety of views of the same data while placing an emphasis on specific field information that may be the priority, such as Risk Score, Timing or Risk Triggers.





Quantitative Analysis
*Quantitative Analysis is the numerical analysis of risk that is used to try to understand the possible outcomes related to risks.  Risk Owners can use the following tools to perform quantitative analysis. 

There are several quantitative analysis options:
1. Expected Monetary Value Analysis 
2. Sensitivity Analysis 
3. Decision Tree Analysis
4. Modeling and Simulation

*Expected Monetary Value Analysis – A statistical technique that calculates the average outcome when the future includes scenarios that may or may not happen.  The formula is as follows:
EMV = Probability  x  Value of Impact
	(gain or loss)
EXAMPLE:
Poor project requirements – there is an 80% chance we will not capture all the product requirements for our project because of a lack of participation by the user community.  The potential cost of this risk is $200,000.  

The EMV calculation for this risk is as follows:

80%  x  $200,000 = $160,000

Use the EVM to understand the potential costs associate with risks to the project.  This information will aid the project manager in the process of prioritizing risks.  The potential cost of a given risk, in the example $160,000, can be added to the project budget for the overall project to fund the risk response should the risk be realized.

*Sensitivity Analysis - A quantitative risk analysis and modeling technique used to help determine which risks have the most potential impact on the project.

This analysis is another way project managers can compare risks.  A tornado diagram is a tool used to compare the risks within a project.

[image: ]*This definition was taken from the Project Management Institute, A Guide to the Project Management Body of Knowledge, (PMBOK® Guide) – Fifth Edition, Project Management Institute, Inc., 2013.

This diagram allows the project manager to visualize different aspects of a risk and compare them against the same aspect for other risks.  In the diagram above the diagram shows the different ranges of costs for each risk, describing the amount via the length of the bar as well as the placement with the range of cost at the bottom of the chart.  By placing a risks with the high cost above a risk with a lower cost, the risks create a figure that resembles a tornado.  Cost of a risk is just an example.  Another example could be the Risk Score.  Using the tornado diagram allows project managers to quickly and easily prioritize risks for the project. 

*Decision Tree Analysis – A diagramming and calculation technique for evaluating the implications of a chain of multiple options in the presence of uncertainty.

This is a technique that allows the choices inherent in any decision to be represented in a tree diagram, where the options are presented as branches of the tree.  A cost/revenue value is assigned to each possible decision.  An event probability is also assigned to each decision and then the outcome for each possible decision can be calculated. 

[image: ]

Outcome Value (Decision 1) = (Revenue –Cost) x Event1 Probability.
Outcome Value (Decision 1) = (Revenue –Cost) x Event2 Probability.
Outcome Value (Decision 2) = (Revenue –Cost) x Event3 Probability.
Outcome Value (Decision 2) = (Revenue –Cost) x Event4 Probability.

The decision that yields the greater Outcome Value is the one that should be chosen.


*This definition was taken from the Project Management Institute, A Guide to the Project Management Body of Knowledge, (PMBOK® Guide) – Fifth Edition, Project Management Institute, Inc., 2013.

EXAMPLE: From the Project Management Institute

A company has to make the decision on whether to construct a new manufacturing building or upgrade the existing manufacturing building.  

Investment:
New Building - $120 million 
Upgrade - $50 million

Potential Revenue:
New Building – Strong demand (60% probability) - $200million
New Building – Weak demand (40% probability) - $90 million

Upgrade – Strong demand (60% probability) - $120million
Upgrade – Weak demand (40% probability) - $60 million

[image: ]Project Management Institute, A Guide to the Project Management Body of Knowledge, (PMBOK® Guide) – Fifth Edition, Project Management Institute, Inc., 2013, Page 339.





To apply the decision tree analysis perform the following steps:

Step 1: Subtract the investment from the revenue projects to establish the Potential Profit for both options.

New Building (strong demand): $200 - $120 = $80 million
New Building (weak demand): $90 - $120 = -$30 million

Upgrade (strong demand): $120 -$50 = $70 million
Upgrade (weak demand):$60 - $50 = $10 million

Step 2: Multiply the Potential Profit by the Probability of the demand.

New Building (strong demand): $80 x 60% = $48 million
New Building (weak demand): $-30 x 40% = -$12 million

Upgrade (strong demand): $70 x 60% = $42million
Upgrade (weak demand):$10 x 40% = $4 million

Step 3: Add the strong demand and weak demand values together to create a total for the option.

New Building: $48 + (-$12) = $36million

Upgrade: $42 +$4 = $46 million

Based on the decision tree analysis, the Upgrade option is the better option comparing the $36 million to the $46 million.


*Modeling and Simulation – Uses a model that translates the specified detailed uncertainties of the project into their potential impact on project objectives.  The most commonly used simulation tool is Monte Carlo Simulation.

[bookmark: _GoBack]Monte Carlo Simulation uses an iterative process of evaluating cost or schedule data by running the model of a specified number of times to achieve a statistically valid sample size.  The simulation uses the Optimistic, Most Likely and Pessimistic estimates associated with the three-point estimating technique, and calculates the number of times a particular outcome was reached, and the confidence level associated with those outcomes. 


*This definition was taken from the Project Management Institute, A Guide to the Project Management Body of Knowledge, (PMBOK® Guide) – Fifth Edition, Project Management Institute, Inc., 2013.


[bookmark: _Toc403995715]Risk Response
At the completion of the analysis, a risk response must be developed for each risk.  Pre-defined risk responses have been created for the two different types of risks.  

The following are Opportunity Risk Responses:
· O-Exploit – This response seeks to eliminate the uncertainty associated with particular upside risk by ensuring the opportunity definitely happens.
· O-Enhance – This response is used to increase the probability and/or the positive impacts of an opportunity.
· O-Share – allocates some or all of the ownership of the opportunity to a third party who is best able to capture the opportunity for the benefit of the project.
· O-Accept – being willing to take advantage of the opportunity if it arises, but not actively pursuing it.


The following are Threat Risk Responses:
· T-Avoid – when the project team acts to eliminate the threat or protect the project from its impact.
· T-Transfer – when the project team shifts the impact of a threat to a third party, together with ownership of the response. 
· T-Mitigate – reduce the probability, and/or impact, of a threat to an acceptable level.  Does not eliminate the threat, but reduces it.
· T-Accept – the Risk Owner decides not to respond to the risk.

The Risk Responses for each of the risks can be documented within the Project Log-Risk spreadsheet.

Project Log – Risks Register

[image: ]

Other fields exist in the Risk Register to help plan the risks:

· Detailed Risk Response - A more complete description of how the project team will respond to the risk.

· Risk Trigger(s) – An event or events that take place just prior to the risk occurring.

· Timing - Determine how far off in time the risk is expected to occur.  This will help determine if the project manager should spend more time addressing the risk.

When planning for risks in a project, it is also important to set aside budgets to be used in case the risks actually do occur.  

*Contingencies Reserves – Budget within the cost baseline or performance measurement baseline that is allocated for identified risks that are accepted and for which contingent or mitigating responses are developed.

*Management Reserves – An amount of the project budget withheld for management control purposes.  These are budgets reserved for unforeseen work that is within scope of the project.*This definition was taken from the Project Management Institute, A Guide to the Project Management Body of Knowledge, (PMBOK® Guide) – Fifth Edition, Project Management Institute, Inc., 2013.



[bookmark: _Toc403995716]Monitor and Control
The project manager and risk owners should monitor and attempt to control the risks associated with the project.  The responsible risk owner should regularly reassess the probability of the identified risks and the triggers that could cause the risk to occur.  The Timing field on the Project Log – Risk Register can help the project manager and risk owner focus on risks that could take place in the near term and not get distracted with risks that might occur in the distant future.  Risk audits can be used to understand how well the risk management process is working and identify if possible gaps in the process, or in its execution, exist.  

Identified risks can often result in secondary risks.  It is also important for project managers and risk owners to identify these other risks and put them through the risk management process.

Tools

Risk Reassessment – the process of going back and assess risks on a regular basis.

Risk Control – the process of reducing the impact of a realized risk which is a threat, or increasing the impact of a realized opportunity.

Risk Audit – looks at the risk management processes and activities to evaluate their effectiveness.

Variance and Trend Analysis – a technique for performing the Monitor and Control risks process

Reserve Analysis – the process of going back and analyzing reserves and their status as risks are experienced and addressed.

Status Meetings – risks should be an agenda item of each status meeting.


The Risk Register can be used to monitor and control the risks.  As risks are overcome or removed the Risk Register can be updated to reflect the current condition of the project.

Project Log – Risks Register

[image: ]

Using the sorting capability within MS Excel, the project manager and Risk Owners can sort the risks by the Risk Score.  This sorting ability allows for the most critical risks, those with the highest Risk Score, to be moved to the top of the view.  This will help communicate the most important risks to the stakeholders and help the Risk Owners understand which of their risks have the higher priority.


[bookmark: _Toc403995717]Definition of Risk Fields Contained in the Project Log 	Comment by Allen, Eric: Update with all fields
Description – This field is used to describe the risk.

Type – This field is used to designate if the risk is an opportunity or a threat.

Date Opened – This field is used to capture the date the risk has been expressed to the project manager or the project team.

Status – This field is used to identify the status of the risk.  Valid options are: Open, On-Hold or Closed.

Category – This field is used to categorize the risks.  This is an open text field, allowing each project manager the freedom to determine their own categories for risks.

Probability – This field is used to capture the likelihood of a risk occurring within a project.  Valid inputs are High, Moderate and Low.  These inputs are given a numeric values, High – 3, Moderate – 2 and Low – 1.

Impact – This field is used to capture the potential impact a risk will have on a project if it does occur.  The valid inputs are High, Moderate and low.  These inputs are given a numeric values, High – 6, Moderate – 4 and Low – 2.

Risk Score – This field is used to capture product of the Probability value and Impact value.  A color scheme has been established to help priorities risks based on this product: RED (11-19); YELLOW (5-9); GREEN (1-5).

Risk Response – This field is used to capture the planned response to the risk.  The valid responses: Accept, Avoid, Transfer or Mitigate.

Detailed Risk Response – This field is used to capture commentary information sharing more details concerning the response to a risk.

Risk Trigger(s) – This field is used to capture the events that are likely to occur prior to the risk occurring.  These events may act as a cause, a trigger, to the risk.

Timing – This field is used to capture timing information for the risk to occur.  This is an open text field the project manager can use to characterize this timing.  Sample inputs could be generic such as: Soon or Distant.  A list of options could be entered to show ranges such as: less than 3 months, between 3 months and 6 months, greater than 6 months. 

Risk Owner – This field is used to capture the name of the individual responsible to understanding the risk in detail; to prepare a response should the risk occur and then oversee the implementation of the response if the risk does occur.  If an individual is not designated for this role, it is implied that the project manager then assumes this role.

Date Closed – This field is used to capture the date when either the project manager determines the risk will not take place, or the date when the implementation of the response, because the risk did in fact occur, has been completed. 
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Note 1: The decision tree shows how to make a decision between altemative capital strategies (represented as “decision
nodes”) when the environment contains uncertain elements (represented as “chance nodes”).

Note 2: Here, a decision is being made whether to invest $120M US to buid a new plant or to instead invest only $50M US
to upgrade the existing plant. For each decision, the demand (which s uncertain, and therfore represents a
“chance node") must be accounted for. For example, srong demand leads to $200M revenue with the new plant
but only $120M US for the upgraded plant, peraps due to capacity imitations of the upgraded piant. The end of
‘each branch shows the net effect of the payoffs minus costs. For each decision branch, al effects are added (see.
shaded aress) to etermine the overall Expected Monetary Value (EMV) of the decision. Remember to account for
the investment costs. From the calculations in the shaded areas, the upgraded plant has a higher EMV of $46M —
also the EMV of the overall decision. (This choice also represents the lowest risk, avoiding the worst case possible
outcome of a loss of $30M).
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