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BREAK-EVEN ANALYSIS UNDER iNFLATION

Break-cven analysis, often called cost-volume-profit relationships,

is considered as an important tool in many decisions and planning activities.

It involnes-the in;errelationship between per nnit price and variable
costs, fixed costs and volume of activity; and is aimed to check the
sensitivity of sales and profit stemming from changes in the relevant
parametors (product prices, input costs and interest rate).1
Conventional break-even analysis,thWéver, does not take the time
element into consideration.2 Thusbthe cont of time-(interest raté) and
changes in price level do not affect the break-even point. These
deficiencies| do not affect the results significantl} as long as the
interest and inflation rates are low. In time of inflation, the nominal
intereSt rate and the price'lenel are functions of time. Therefore, the
time eleaent should be taken into considoration.in break-even analysis,
especially when imperfections in the money and goods markets exist. This

-paper extends the break-even analysis to include the time element.

Once the‘time element 'is taken into consideration, a company may look
for the minimum level of producfion in a given period (quarter, year) thét
covers the fixed costs,.or the minimum oime roquired for covering these
costs. Accordingly, this paper covers the two cases (Model I and.Model II,

below).

I. Notations

The whole period under analysis (say 12 months).

Time in periods.

Fixed costs for the whole poriod T, at time t =

The total number of units produced up to time t.

The volume at which break—-even occurs: Q? = Q(T) j QfI = Q(t*).
The number‘of periods at which break-even occurs, under model II.

Average rate of production per period = capacity.




Required average rate of production per period needed to break-even'
in period T (Model 1).
Selling price per unit at time t = O.
Variable costs per unit at time t = 0.
S-V = Contribution margin per unit at time t = 0.
Average inflation rate per period (say, per month).
Rate of increase in sales price, per period (say, per month).
Rate of increase in variable costs per period.
at . . ’
S e sales price at time ‘t.
bt ) . .
Ve variable costs per unit at time t.
Pre-inflation rate of interest, per period (say per month).

‘

Nominal rate of interest per period, corresponding to inflation rate p.

II. Break—-Even Relationships

The basic relationship in conventional break-even analysis is
D) . SQ* - VQ* = F
This-yields
' F
*:-———:
(2) Q SV
and’the average break-even rate of production per period is
. o
* = X
(3) | D T
Relation (1) is applicable when prices and costs-are stable, and the rate

of interest is zero. When these parameters (prices, c-sts, interest) are

functions of time, the following two models are comside: °d.




Model I: This model is set to find the,quantity-Qf produced in a given
time T, at which break-even occurs‘.3 Stated differently, it is
required to find the minimum break-even average production (D%)

in one period, to cover the fixed costs, such that:

([;) Q'Jf = D% T

Médel II: This modei is set to find the quantity QfI in ‘a period t* in T
a; which break-even occurs.4 .In this case, we assume a fixed
average production per pefiod (D). It is required to find the
shortest time; that is, the break-even period t* in T, to cover

the annual fixed costs, such that

'

(5) Qh = Det*

In the case of stable prices and zero interest rate, the two models are

equivalent, that is, Qf = in .

In order to simplify the computations and to arrive at operative
fofmulas, the analysis in this paper is based on the following three
assumptions: (1) constant returns to scale in the relevant range of
production, (2) the company cannot affect thé prices in the market, and
(3) the interest rate and the rates of price level changes are equal

among periods.

In the following analysis the fixed costs are stated in terms of the price

level at the beginning of the period. In other words, the firm has to
calculate. the present value of the fixed costs stream, using the proper

interest rate.

III. Model I, Stable Prices

When the interest rate is positive, each unit sold and input purchased

earns compound interest from date t to end of period of analysis (T).




The break-even relationship is then

T ' T ' '
6) I g of'(T-t) dq - I Vel (T—t)dQ of ef'T
o o )

where dQ = D*dt, as Q(t) = D*t.

Integrating relation (6) and collecting terms, we have

aﬂr|

1-e . :
= — in the continuous case.

-T
- ]
= '_(l_f_ri_ in the discrete case.

the present value of a (T) period annuity, earning

r' per period.

T .

Note that the term 7= .1s always greater than one, so that when
. ﬂr.'

interest compounding is taken into consideration, the break-even volume

at :
is larger than that arriveqdby conventional analysis (%). The order of

magnitude of this effect can be seen from the factors of %—— for various
Tlr'

levels of time and monthly rates of interest, for the descrete case:

Interest rate: 0.5Z% - 1.0Z 2.07

3 months 1.010 1.020
6 months 1.018 1.035

12 months 1.033 1.066




IV. Model I, Inflationary Conditions

Under inflacionafy conditions, prices and costs rise continuously, so
that these terms are functions of time. The rate of interest also rises to
coméensate the inflation effect. Because of the decline in the money value,
it is assumed that the fixed costs should retain their pre-inflation value,
that is, their value should rise according to the Fisher rule.5 Thus, the

corresponding compounding rate for the fixed costs is

r' +p in the continuous case
(1+r') (14+p)=-1 in the discrete case.

Under the above assumptions, relation (6) becomes:

JT S eat+r(T--t) dq - JT v ebc+r(T—t) dQ = F e(p+r')’1‘

(o}

9)

o
Integrating relation (9) and collecting terms, we have
(10) CQk s TFe
I erT[S a -V a ]

; T| (r-a) T| (r-b)

(p+r")T

In the discrete case, instead of using the rates (r-a) and (r-b), use

1+r

rroae 1, respectively. In the case that (r-a) or (r-b) are

1+4r
T2 1 and

. 6
negative, note that afq-r = Siqr

rT
e - . .
where Siqr = —-;——l in the continuous case.

in the discrete case.

_ ()T
r

= the future value of annuity.

In a special case, when the nominal interest rate follows the Fisher

rule and the rates of increase in prices and costs are the same as the




jnflation rate, that is,
r
a b =p

then relation (10) reduces to
T

(11 P R

( ) QI aTir'

which is the same as relation (7), developed under stable prices.

V. Model II

"he relations for Model II are the same as those in Model I, except
that the integration ranges are from 0 to t*, Q = Dt* and dQ = D dt.

In this case, it is required to determine the break-even period t* .

For example, relation (6) becomes:

t* : t* .| - )
(12) | J s of (7 gy - J vel (8% 84) = p ot

0 0

which reduces to

(13) . D=§-1———
‘ TIPS
and

.
9 A THD

Given F, M, D and r' , we search the tables of the factors for present

value of annuities for the corresponding t* that satisfies relation (14).

As a first approximation to t*, we can use

~

(15) ; thus t 1is proportional to D¥*.

Note that D* is a decreasing convex function of t, as shown in the figure

~

Thus the approximate solution t is usually overstated. The fact that

~

t




is overstated leads to the conclusion that Q?I < Q? .

[figure here]

VI. Example

Coﬁsiuer the foliowing data: the fixed costs, F, in present value
terms, are $120; s=87, V=$5, D=7 units, T=12 months, and r' = 0.0l per month in
discrete’terms. The break-even point under conventional analysis (relation
2) is 60 units. Taking into consideration the element of interest coscé,
the break-even point (Model I, relation 7) is 64 units, which is larger

than the former break-even point by 6.7Z.

The break-even time needed to cover the fixed costs, according to
model II is found to be 9 months. This is found by uéing relation (14)
“as follows:

F o _ 120 _ )
W - 2x7 - 827 = 3x]0.01

Searching the table of present values of annuities corresponding to 1%
interest rate we find the entry of 8.57 under 9 periods. The approximated
time, E (relation 15) is 64 % 7 = 9.14 months, which is higher than the
true value, as inferred from the figure. The corresponding break-even

point in volume terms (Model II, relation 5) is 63 units (9 months time

7 units capacity) which is lower than that arrived at under Model I.

Consider now inflationary conditions; where the following monthly
discrete rates are anticipated: p = 0.02, a = 0.018, b = 0.021, and
r = 0.03. The break-even point, in volume terms (Model I, relation 10)

is found to be 68 units.




VII Conclusions

This paper shows that the conventional break-even analysis is valid
in time of inflation as 1ong as inflatidn is néutral; that is, when all
the paraméters in the discussed models increase at the same rate. This
is because discounting uses the real rate of interest which is relatively
low and discounting dées not change the magnitude of the break-even éesult.
However, facts of life indicate that the inflation effect in most cases is
not neutral, affec;ing differently product prices, variable costs, fixed
costs and the nominal interest rate. In this case the use of the two models
is of special importance to reach correct conclusions regarding the annual
break—-even volume (Model I) and the minimum tiﬁe to cover fixed costs
(Model II). The illustrated examples indicate that the break-even point

will be higher during inflation. However, changing the parameters - for

instance, lower price level changes of fixed assets(and/or variable costs)

relative to the change in the nominal interest rate(and/or the price of
- the product)- may reverse the above conélusion.

Under nonneutral inflation there is a place .to use both models, each
answering a different question. The general conclusion regarding the
break-even point is that the required volume under Model II is smaller than

that under Model I.




e — — — —— S = o]




Footnotes

Break-even analysis (BE) is discussed in many texts in the field of
cost and managerial accounting, finance, marketing etc. For a
comprehensive discussion see, e.g. Garrison (1979), Horngren (1982)

and Kaplan~ (1982); for BE under uncertainty, see,e.g., Kaplan (1982)
and Beirman and Dyckman (1976); for BE and sensitivity analysis see,
e.g. Horngren (1982) and ShashuaAand Goldschmidt (1983); for BE and
target pricing see, e.g., Kotler (1978);‘for BE and dividend determina-

tion see, e.g., Shillinglaw (1977).

All of the texts mentioned in note 1 carry out break-even analysis of

a period ignoring discounting. However, ina multi-period analysis dis-
counting is taken into account between periods disregarding discounting

within the period (e.g., Brealy and Myers, 1981, and Kaplan, 1982) .

The texts mentioned in note 1 analyze the break-even according to this

model.
A similar model was used by Dhavalé and Wilson (1980).

Ignoring the inflation effect (or the discounting factor) on fixed

costs, causes Fer’T in Relation (6) to become F, and Relation (7) will

take the form of

e
where g— =
T |

Noting that




the break—even volume under discounting (or under neutral inflation)
is smaller than the conventional one. This solution contradicts
common sense. Let us mention that Dhavale and Wilson (1980) disregarded

discounting the fixed costs.

In the discrete case

aT—'I_ = (1+J)S'T—|J

A
1-r

where J = L or 1+J =
1-r

for example,

377]-0.05 ~

where J = —=
1-r

and 1 +J =




References

Beirman, H. Jr. and T.R. Dyckman, (2nd ed.) Managerial Cost Accounting,

Macmillan, N.Y., 1976.

Brealey, R. and S. Myers, Principles of Corporate Finance, McGraw Hill,

N.Y., 1981.

Dhavale, D.G. and H.G. Wilson, "Breakeven Analysis with Inflationary Cost

and Prices", Engineering Economist, Winter 1980, pp.k107—121.

Garrison, R.H., (2nd ed.), Managerial Accounting-Concepts for Planning,

Control, Decision Making, Business Publications, Dallas, Texas, 1979.

Horngren, C.T., Cost Accounting - A Managerial Emphasis, (5th ed.), Prentice-

Hall, Englewood Cliffs, N.J., 1982.

Kaplan, R.S., Advanced Management Accounting, Prentice-Hall, Englewood

Cliffs, N.J., 1982.

Kotler, P., (4th ed.), Marketing Management - Analysis, Planning and Control

Prentice-Hall, Englewood Cliffs, N.J., 1978.

Shashua, L. and Y. Goldschmidt, Tools for Financial Management - Emphasis

on Inflation, Lexington Books, Lexington, MA, 1983.

Shillinglaw, G. (4th ed.), Cost Accounting - Analysis and Control, (4th ed.),

Irwin, Homewood, IL, 1977.




PREVIOUS WORKING PAPERS

Yoav Kislev and Hanna Lifson - An_Economic Analysis of Drainage Projects.

Yair Mundlak and Ran Mosenson - Two-Sector Model with Generalized Demand.

Yoav Kislev - The LEconomics of the Agricultural Extension Service. (Also
in Hebrew).

Dan Yaron and Gideon Fishelson - A Survey of Water Mobility on Moshav
Villages. (Hebrew). '

Yakir Plessner - Computing Equilibrium Solutions for Various Market Structures.

" Yoav Kislev and Yeshayahu Nun - Economic Analysis'of Flood Control Projects
in the Hula Valley, Stagc One - Final Report. (Hebrew) .

Yoav Kislev and Hanna Lifson - Capital Adjustment with U-Shaped Average Cost
. of Investment. .

t

Yair Mundlak - Empirical Production Functions with a Variable Firm Effect.

Yair Mundlak - On Some Implications of Maximization with Several Objective
Functions. '

Yair Mundlak and Assaf Razin - On Multistage Multiproduct Production Function.

Yakir Plessner and Meri G. Kohn - Monopolistic Behavior in Situations of
Expectation Motivated Demand.

Yakir Plessner and Meir G. Kohn - A Model of Optimal Marketing Policy.

Yoav Kislev and Yakir Plessner - An Applicable Linear Programming Model of
Inter-Temporal Equilibrium.

Aharon Ben-Tal and Eitan Hochman - Bounds on the Expectation of a Convex
Function of a Random Variable with Applications to Decision Making
Under Uncertainty.

Yair Mundlak and Zvi Volcani - The Correspondence of Efficiency Frontier as
a Generalization of the Cost Function.

Uri Regev and Aba Schwartz - Optimal Path of Interregional Investment and
Allocation of Water.

Eitan lochman and Hanna Lifson - Optimal Control Theory Applied to a Problem
of an Agricultural Markcting Board Acting as a Monopolist.

Mordechai Weisbrod, Gad Stretiner, Dun Yaron, Dan Shimshi, Eshel Bresler -
A Simulation Model of Soil Variation Moisture. (Hebrew).

Yoay Kislev, Yakir “lessner, Aharon Perahia - Multi-Period Linear Programming
with a Consumption Application. (llebrew).

Ran Mosenson - Fundamental Dual Price-Rent Relations in Input-Output Analysis -
Theory and Application.

Youv Kislev and Benjamin Nadel - Economic Analysis of Flood Control Project in
the Hula Basin. (lebrew).

Yigal Danin and Yair Mundlak - The Effect of Capital Accumulation on a Well
Behaved n-Sector Economy. '

Pinhas Zusman - Power Measurement in Economic Models,

Aba Schwartz, Uri Regev and Shmuel Goldman - Estimation of Production Functions
roe of Aggregation Bias with an Application to the Israeli Agriculture.




7903
7904
7905

7906
7907

7908
8001
8002

8003
8004

Yakir Plessner - A Theory of the Dynamic Competitive Firm under Uncertainty.

Robert [. Lvenson and Yoav Kislev - A Stochastic Model of Applied Research.

Meir G. Kohn - Competitive Speculation.

Yoav Kislev and Uri Rabiner - Animal Breeding -- A Case Study of Applied:
Research.

Jack Habib, Meir Kohn and Robert Lerman - The Effect on Poverty Status
in lsrael of Considering Wealth and Variability of Income.

Yoav Kislev, Michal Meisels, Shmuel Amir - The Dairy Industry of Israel.

Yair Mundlak - Agricultural Growth in the Context of Economic Growth,

Meir Kohn - Beyond Regression: A Guide to Conditional Probability Models
in Econometrics,

Yair Mundlak - Models with Variable Coefficients - Integration and

Yigal Danin and Meir G, Kohn - An Analysis of the Israeli Grain Market and
Purchasing Policy.

Yoav Kislev - The Monetary Approach to the Israeli Balance of Payments.

Meir Kohn - A Theory of Innovative Investment.

Yair Mundlak and Joseph Yahav - ANOVA, Convolution and Separation, A Fresh
View at Old Problems.

Meir Kohn - Why the Dynamic Competitive Producer Should Not Carry Stocks of
his Product. ’ :

Yair Mundlak - Agricultural Growth - Formulation, Evaluation and Policy

Consequences, .- v

Dan Yaron, A. Dinar and S. Shamlah - First Estimates of Prospective Income
Losses Due to Increasing Salinity of Irrigation Water in the South
and the Negev Regions of Israel. (Hebrew).

Yair Mundlak - On the Concept>of Non-Significant Functions and its
[mplications for Regression Analysis.

Pinhas Zusman uand Michael Etgar - The Marketing Channel as an Equilibrium
Set of Contracts.

Yukir Plessner and Shlomo Yitzhaki - The Firm's Employment Policy as a
Function of Labor Cost Structure.

Youv Kisley - Manapement, Risk and Competitive Equilibrium.

Yiga)l bunin and Yarr Mundlak - The Introduction of New Techniques and
Capital Accrmatation.

Yair Mandlak - Elements of a Pure Theory of Forecasting and the "After
Keynesian Macroeconometrics'. ‘ '

Youv Kislev and Willis Peterson - Prices, Technology and Farm Size.

Duavid Bigman and Haim Shalit - Applied Welfare Analysis for a Consumer
whose Lncome is in Commodities.

bavid Bigman - Semi-Rational lLixpectatijons and Exchange Rate Dynamics.

Joel M. Guttman - Can Political Entrepreneurs Solve the Free-Rider
Problem? ’




£005

tulih
8007

8008

8009
S10T

8102

8103
8104
8105
8106

glu7

{108
8119
8110
8111

8112

8113
8114
8201
8202

© 8203

8204

8205

Yakir Plessner and Halm Shalit - Investment and the Rate of Interest
Under Inflatfon: Analysis ot the Loanable Funds Market.

Haim Shalit - Who Should Pay for Price Stabilization?

David Bigman - Stabilization and Welfare with Trade, Variable Levies

and_Internal Price Policier

Haim Shalit, Andrew Schmitz and David Zilberman -.Uncertainty, Instability
and the Competitive Firm. .

David Bigman - Buffer Stocks and Domestic Price Policies.

David Bigman - National Food Policies in Developing Countries: The
Experience and the Llesson:

David Bigman - The Theory of Commodity Price Stabilization and Buffer
Stocks Operation: A Survey Article.

Yoav Kislev and Willis Peterson - lnduced Innovations and Farm Mechanization.-

Yoav Kislev and Yakir Plessner - Recent Inflationary Experience in Israel.

Yair Mundlak - Cross Country Comparison of Agricultural Productivity.

Michael Etgar & Ilan.Peretz - The Preference of the German Market for
Quality Tomatoes (Hebrew).

Tzvi Sinai - The Profitability of Land Development for Agriculture in
Israel (Hebrew).

1lan Beeri - Economic Aspecfs of the Settlement Project in Yamit (lebrew).

David Bigman - Stabilization and International Trade.

Nava Haruvi and Yoav Kislev - Cooperation in the Moshav.

Michal Meisels-Rels - Specialization and Efficient in the Poultry
Industry in lsrael (Hebrew).

Joel M. Guttman - Matching Behavior and Collective Action: Theory and
Experiments,
Yair Mundlak - Varfous Aspects of the Profitabiliey of Milk Production.(Hebrew)

Yair Mundlak & Joseph Yahav - Inference with Stochastic Regressors.

Pinhas Zusman & Clive Bell - The Equilibrium Set of Dyadic Contracts.

Yoav Kislev & Shlomit Farbstein - Capital Intensity and Product Composition
in the Kibbutz and the Moshav in Israel.

. David Bigman - Food Aid and Food® Distribution.

Haim Shalit and Shlomo Yitzhaki - Mean- Ginl, Portfolio Theory and the
Pricingy of Risky Assets.

- Rafi Melnick § Haim Shalit - The.Market for Tomatoes: An Fmpirical Analysis.

(hebrew)

Dan Yaron & Hillary Voet - Optimal Irrigation With Dual Quality (Salinity)
Water Supply and the Value of Information.

David Bigman & ltzhak Weksler - Stratepies for Emergency Stock Planning.

E1li Feincerman & Dan Yaron - The Value of Information on the Response

" Function of Crops to Soil Salinity.

Eldad Ben-Yosetf - Marketing Arrangement for Vegetable Exports—Analysi Using
the Contract Approach (Hebrew).




:
| ;
[ '
{

Yaron, A. Cooper; D. Golan & A. Reisman - Rural Industrlallzatlon -
Analysis of Characteristics and an Approach to the Selection
of Industrial Plants for Kibbutz Settlements in Israel.

Yaron, A. Dinar, ‘H. Voet & A. Ratner - Economic Evaluation of the Rate
" of Substitution Between Quantity and Quality (Salinity) of Water
in lelgatlon

. Yaron, & A. Ratngr - The Effect of Increased Water Salinity of Moshavim
in the South and Negev Regions of Israel.

Guttman & N. Hardvi - Cooperation, Part-Time Farming, Capital and
Value—Added in the Israeli Moshav. :

. Shashua & Y. Goldschmldt - The Effect of Type of Loan on the F1rm s

Liquidities During Inflation. (Hebrew)

Bigman - The Typdldgy of Hunger.

. Guttman — A Non-Cournot Model of Voluntary Collective Action.










