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COPING WITH FUTURE UNCERTAINTIES
THROUGH PROBABILISTIC
BUDGETING

Robert J. Lord, University of Western Ontario

ABSTRACT

The management of risk poses a difficult and demanding challenge to
traditional planning and budgeting techniques and to management attitudes
towards and use of these techniques. Probabilistic budgets are potentially
effective devices for meeting this kind of challenge.

THE CHALLENGE

Uncertainty is an increasingly serious challenge for managers. Rapid inflation,
government regulations, societal and technical changes all increase the risks
business faces in estimating and planning for the future. Decisions regarding
new facilities, new products, new markets and new businesses are
increasingly more difficult to make and current operating plans become more
and more unreliable as they are swamped by unexpected competitive,
consumer, regulatory and price changes.

Unfortunately, while planning has become more difficult, traditional planning,
and particularly budgeting techniques have not evolved to help the manager
better cope with the increasing complexities of his responsibilities.

The difficulty with traditional plans and budgets is that they tend to ignore
uncertainty or at least significantly underestimate the potential degree of risk
facing the organization. For the firm, the implication of this weakness is that
because risks are under estimated, or ignored, no deliberate attempt is made to
either understand these risks, or to prepare adequate contingency programs to
cope with the risks identified.

PROBABILISTIC BUDGETING

A Definition

Probabilistic budgeting represents an extension of existing budgeting
practices to incorporate in the budget specific estimates of uncertainties. This
extension is made possible through the concepts of decision analysis and
“Monte-Carlo" simulation.

A Practical Illustration

The feasibility and potential value of probabilistic budgeting has been
demonstrated within a small transport company specializing in the movement
of perishable produce to Canada from the United States. The firm, Floral
Transport operates a fleet of modern high- way tractors and temperature-
controlled trailers between the grower’s fields, the firms southern
consolidation terminal, and its customers in Canada.

About a year ago, in the face of growing volume, the firm substantially
expanded its fleet. As a result of
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this expansion, Floral sought a more reliable process for estimating future
operating results. The president wanted to be prepared for any potential
problems he might face in meeting the payment commitments on his new
equipment. Addressing this concern required building a model of the firm,
identifying the areas of uncertainty facing the firm, eliciting estimates of the
ranges of these uncertainties and simulating the operations of the firm.

The Model

The Floral model provides an explicit statement of the problem and identifies
the data which had to be gathered to address the problem. For the Floral
model this structure was provided by the firm’s chart of accounts and its
financial reports. This structure was chosen because management was familiar
with the components of the financial system, because historical data was
available for estimating some of the parameters of the model and because it
allowed for comparison of the model and actual results. The Floral model,
outlined in figure 1, is a relatively simple model. Sales are estimated by
increasing the prior year’s sales (in dollars) for each product line by the
expected growth in that product line. Since these growth rates are uncertain
the resulting estimate of revenue is also uncertain.

FIGURE 1
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Total revenue is then used to estimate anticipated operating mileage and
operating costs per mile are estimated for the miles to be operated. Revenue
less operating costs represents Floral’s trucking margin. Overhead and
depreciation costs are deducted from the trucking margin to generate the
estimated profit for the year.

Data Collection

The model revealed significant areas of uncertainty:

growth in volume, revenues, direct operating costs and overhead. The next
step in the probabilistic process was to assemble the best available
information about these uncertainties. To gather this information key
management personnel were interviewed using a successive subdivision
protocol [1]. This series of questions helped to lead the manager to reflect on
changes in operating and external factors which might affect Floral’s
operations.

The presidents thinking on the cost of fuel per mile was typical of the
responses: ‘The records show that fuel is costing about 16¢ a mile, but I
know we can expect a price increase of maybe as much as a nickel a gallon
before the year is out. On the other hand, our new equipment is supposed to
operate at 6 miles per gallon compared to the 4’2 miles per gallon we’re
presently getting. Besides, by installing our own fuel supply tanks in the
south we can reduce our highway purchases. Considering all these pieces, I’d
expect, in spite of the price increase, we'd maintain our fuel cost about where
it is. If we don’t see the price jump and the boys really baby the new tractors
we might see 11¢ or 12¢ per mile; on the other hand if the price goes up
more than nickel and the drivers get lead feet’ it could jump as high as 20¢."

The answers to the protocol questions were interpreted to represent
descriptions of the potential variability of each of the components of the
Floral model (table

1). The table, referring to the Cost of fuel, can be interpreted as follows.

There is a fifty per cent probability fuel will cost more than 16¢ and a fifty
per cent chance it will cost less than 16¢. There is no chance it will be less
than 11c or more than 20c. There is a 25 per cent chance it will be more than
17¢ and 75 per cent chance it will be more than 14%4¢.
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In the model a simplifying assumption was made about the firm’s overhead
costs. For example, it was determined that overhead costs were basically
discretionary and could be regulated by management. Therefore, the budget
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level of overhead costs was provided to the model. The only uncertainty
inherent in these costs was expected to be price changes. To represent this
uncertainty, a spending variance distribution was built into the model so that
overheads would be within + 10% of budget two-thirds of the time and
within + 20% of budget ninety-five per cent of the time.

Simulation

After the data was collected, it was processed using a computer model
written in SIMPAK, a special-purpose FORTRAN based language for
simulation of complex problems. SIMPAK provides detailed cumulative
density functions for each element of uncertainty and makes them available
to the logic model provided by the analyst. The logic model describes
relationships between the various uncertainties and the output generated by
the model. SIMPAK retained results for up to 500 trials, generated financial
summaries and provided statistical profiles describing the uncertainty
inherent within each element of the income statement.

The simulation provides information not available from the more familiar
single figure or point estimate budget. The results reported in Table 2 are
based on the hypothetical operation of Floral’s business over and over again,
gaining the benefit of experience without the passage of real time. In some
trials combinations of costs and revenues produce very unfavorable
projections, while other combinations results in high efficiency and
revenues. By recording and analyzing these results, we may ascertain the
range of possible outcomes for each element of the budget as well as the
likelihood or probability that various levels of revenue, expenses and
profitability will be achieved.
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The probabilistic budget reinforced the president’s concern about the
volatility of his operations. While the expected profit was $75,462, the
simulation indicated operating results could vary from a loss of $45,000 to
profits of $182,000 for the next year.



Insights into Experiential Pedagogy, Volume 6, 1979

More significantly, the chance that operations would generate enough cash
to meet the firm’s $130,000 repayment commitment on the new equipment
was only about 50 per cent.

The reliability of the Floral probabilistic budget was tested by the passage
of the fiscal year. (table 3)
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Clearly, the typical single-point $75,000 profit estimate in Table 2
represents a budget that was simply wrong. Floral lost $24,000 in t977. On
the other hand, the probabilistic budget did predict a loss of such
magnitude was possible. In retrospect, while the Floral probabilistic
budget could have been improved, because the model did not predict
overhead costs with an acceptable degree of accuracy due to the
simplifying assumption that overhead would be normally distributed with
a standard deviation of 10%, the probabilistic budget did recognize the
potential volatility in the firm's operations.

Its Potential

The potential of probabilistic budgeting is two fold. It provides an estimate
of the degree of risk which the firm faces--an estimate which if anything
understates that potential risk.! This estimate should alert and sensitize
management to the risks they face, and hopefully will lead management to
more carefully explore the riskiness of their activities and to more
carefully consider the implications of these risks.

Secondly, the probabilistic budget provides information concerning the
effect individual elements of the budget have on the overall riskiness of
the firm. For example, the profit variability in table 2 can be attributed
primarily to the variability of the transport expenses and transport
revenues (table 4).

The important challenge for Floral’s management is determining what
operational or policy changes the firm might undertake to reduce this
variability. Implicitly the challenge is to better control its operations--to
both reduce costs and perhaps as importantly reduce the variability within
the firm's costs and revenues.

Establishing tighter control implies an understanding of the uncertainties
Floral faces -- their causes, and the extent to which they can be controlled.

! The Underestimate results from the difficulty the modeler faces in
creating a sufficiently detailed model to encompass all possible
uncertainties. It also can be attributed to the difficulty humans have in
asses- sing the tails of probability distributions. [2]
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The greatest variability in Floral's transport expenses is in the “hired
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vehicles’ expense account (the largest element on the diagonal of table 5).
The question facing the president is why is this expense so uncertain, and
what can be done about it?

Floral rents equipment from other truckers, and from rental firms like
Ryder when volume is greater than the firm’s own capacity, or when
breakdowns reduce the firm’s capacity If management could foresee extra
demand additional equipment could be added permanently to the fleet --
capital investment could reduce the
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necessity to utilize hired vehicles and could reduce the likelihood of major
breakdowns. To date management has not had enough confidence in its
ability to predict future volume to make this investment. Perhaps under
probabilistic budgeting, where uncertainties can be explicitly examined,
management may be more willing to undertake these investments.

The next major variation is attributable to the manpower account. Partially
this variability is due to a multiplicity of pay plans and payment schedules
utilized by Floral. A change in management policy to reduce the number of
pay schemes could reduce this variability.

Fuel costs also vary. Management has already taken steps to reduce this
variability and the total fuel cost. The installation of fuel supplies at its
depots means Floral’s trucks will no longer be as susceptible to the vagaries
of the retail highway fuel market, and the new "fuel-economy” tractors
should reduce actual fuel consumption.

The drivers behavior can significantly effect the fuel consumption of Floral’s
equipment over the long distances the company travels. By recording,
monitoring and perhaps rewarding acceptable consumption, fuel cost
variability may be reduced. The issue here is a greater demand for accurate
information -- the firms information system may have to become more
accurate and more detailed.

Summary

The information generated by the probabilistic budget, and the analysis of the
results it projects raises serious questions about Floral’s operations. If
management responds appropriately to these questions the variability
(riskiness) of the firm’s operations can be reduced. This appears a totally
appropriate goal for the company. Probabilistic budgeting appears to be a
potentially powerful tool for this firm -- at least to the extent management
can respond to the challenges it raises.

Implications of Probabilistic Budgeting for the Modeler

The variability which exists in the Floral simulation may be partially
attributed to elicitation errors and to problems of interdependence between
components of the model.

The effect of errors in the estimation of the probabilities upon which the
simulation is developed may be small on the estimation of means, but it is
large on the estimation of the standard deviation, or the range of outcomes
reported. Only minor changes in the estimates provided the model change the
degree of variability significantly. The picture of risk presented is highly
susceptible to the accuracy with which we are able to develop management's
initial assessments of uncertainty, [3].

While simple tests for internal consistency can be applied by the computer
programs which manipulate the simulation model, such tests do not
adequately deal with the problems of bias and instability in the manager’s
estimates. Until these serious behavioral questions can be answered, the
feasibility of establishing accurate estimates of the manager’s perceptions
remains in doubt, and until better estimates can be obtained the reliability of
the simulation also will be in doubt.

When developing the Floral simulation an important
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question concerned the model’s assumptions about the relationships between
the data introduced to the model and amongst the components of the model
within the simulation. More precisely, what could be assumed about the
interdependence of the data and the manner in which it was manipulated.

The issue of independence has important implications for the modeler. If
independence cannot be assumed we face the practical problem of assessing
joint probabilities, or of asking managers to describe the correlations between
the elements of the model.

In Floral, while it was realized interdependencies could exist, all data
gathered was elicited on an “independence’ basis. In another model, where
the inter- dependencies could not be ignored we asked management to think
about the four quartiles of their estimates for sales volume and produce
prices. We asked:

If volume is in the upper quartile would you expect prices to be within
the same quartile?

Based on responses to this question the simulation was constrained to
generate correlations of .5, if management believed prices and volumes
would reside in the same half of the distribution; correlation of .75 if
management believed prices and volumes would reside in the same quartile,

[4].

While exceptions to this rather crude approach which forced an “expected’
dependence on the model, may be raised, historical estimates of intervariable
relationships may provide a more reliable basis for coping with the
interdependence problem. While sufficient empirical data may not exist to
estimate intervariable relationships, conceptually there appears to be no
reason why the modeler could not investigate the historic relationships
between these variables, and if management believed historic patterns would
continue in the future, to require his model to replicate these correlations in
the future.

For the modeler, probabilistic budgeting raises significant technical
questions. Before probabilistic budgeting can meet its potential as an aid to
management these problems must be solved.

REFERENCES

[1]  Lord, R.J ., "Probabilistic Budgeting”, Cost and Management, Journal
of the Society of Management Accountants of Canada, May - June
1978.

[2]  Alpert, M. and Raiffa, H., A Progress Report on the Training of
Probability Assessors, Harvard University, unpublished 1969.

[3] Lord, R.J., ‘Improving Managements 1 Ability to Cope with
Uncertainty  Through  Probabilistic =~ Budgeting”, Cost _and
Management, November-December, 1978.

[4] ibid



	Table of Contents
	Volume 6, 1979
	The Use of Cases with Role Plays in a Research Methods Course
	Debugging and Implementing the Live-Case Approach to Marketing Research in the Australian Environment
	Using a Case as the Basis for a Modified Debate
	Using Cases in Business Communication Classes
	A Structured Approach to Case Analysis and Reporting
	Intercollegiate Case Analysis Competition as an Experiential Learning Experience
	Attributes Germane to Student/Live Case Situations
	Understanding Dispute Resolution Through Experiential learning
	Personality Development and Conflict Dynamics: An Experimental Design to Study the Effects of Teaching Methodologies on Conflict Resolution
	Interpersonal Competence and the Digital PDP-11:40
	The process of Writing a Collective Bargaining Simulation: A Case Study in Practical Pedagogy
	Simulating Negotiations in an Educational Context
	Simulations as a Technique for Teaching Collective Bargaining
	Experiential Processing of Differing Managerial Perspectives: The Use of a Game Show Format
	Individual Self Report vs. Group consensus in Small Decision-Making Groups
	Effects of Sex-Role Stereotypes on Promotion Decisions: An Exercise
	Computer Aids to Planning: The Budget and Forecasting Module
	Use of a Microcomputer in a Decision Analysis for Investment Portfolio Selection
	A Game of Investment Strategy: Description, Use, Criticism and Modification
	Coping with Future Uncertainties Through Probabilistic Budgeting
	Administration and Design of Simulation Materials for a Specialized Management Training Program
	Managing Stress in Organizational Life
	Banksim: The Bank Management Simulation
	Issues in the Organizational Application of Simulation and Experiential material
	Games Within Games: The Role of the Glitch
	Experiential Learning from Classroom to Business
	An Evaluation of the Small Business Institute Program as an Experiential learning Exercise
	Conversations with Top Management (Simulated)
	Experience in the Use and Assessment of Simulation in Management Education
	A Statistical Analysis of Simulation Users: Relationships between Stress and Human Subject guidelines
	Group Decision Making in a Computer Game Analysis of Demographic and Psychosocial Variables
	Comparing Performance During Three Managerial Accounting Simulation Schedules
	Business Policy Simulation and the Intense Course Structure
	The Use of Intensive Simulation in Executive Development and Academic Settings
	The Use of Experiential Exercises in the Undergraduate Consumer Behavior Course
	A Personal Marketing Strategy Approach: Framework and Application
	Teaching PERT Experientially in Marketing Research
	Discovering the Majority Fallacy
	An Experiential Approach to Studying International Business
	A Demonstration of the Business Simulation Game as a Curriculum Assessment Device
	Relating Teaching Methods with Educational Objectives in the Business Curriculum
	The Junior Achievement Applied Management Program as a Compromise Situation Between the Simulation and the Internship
	Who is Using Computerized Business Games?: A View from Publishers' Adoption Lists
	Trials and Tribulations in Testing Educational Innovations
	An Examination of the Perceived Effectiveness of Computer Simulation in a Classroom Setting as Affected by Game, Environmental and Respondent Characteristics
	Game Administration: A Life Cycle Analysis
	Research on the Effectiveness of Using a Computerized Simulation in the Basic Management Course
	Gaming and Attitudinal Change
	The Teacher-Student Relationship in Experiential Classes and the Student's Perception of Course Effectiveness
	An Exploratory Study of Student Characteristics and Educational Processes in Programmatic Experiential learning
	General Incongruity Adaption Level (GIAL) as a Predictor of Risk Preferences in a Simulated Management Game
	The Cap-Stone Opportunity: Combining Business Simulation and Experiential Learning
	Incorporating MIS/DSS into Policy Courses Via Simulation
	Who Benefits Most from Participation in Business Policy Simulations: An Empirical Study of Skill Development by Functional Areas
	The Use of Program NAMEX in Teaching the Accounting for Nonmonetary Assets
	The Use of Program CVP in Teaching Cost-Volume-Profit Analysis
	Experiential vs. Traditional Classroom Approach in the Basic Management Course: A Puerto Rican Experience
	A Guide to the Successful Use of Business Simulation Games
	The Dynamic Aspects of Interactive Gaming Puts the Realism into Gaming
	System Representation of SIMORG
	The Design of a Database System to Support Business Simulation and Experiential Learning
	A Data Entry and Retrieval System for a Computer Simulation (DERS)
	Simulation - An Advantage for Accounting Research
	Computer-Aided Project Performance Control Simulation: An Interactive Experiential Gaming Technique for Managerial Decision Making
	Utilization of Manual Simulation Games to Develop Scenarios of Future Events - An Exploratory Study
	Foundry: A Foundry Simulation
	Customized Debriefing: The Achilles Heel of Experiential learning?
	Computerized Business Simulations and Experiential Learning Exercises: An Instructional Interface
	The Baseball Game: A Group Role Observation, Problem Solving Experience
	A Practical Design for Experiential Learning Exercises: Roles, Technical Equipment and Alternative Debriefing Formats


