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COST-VOLUME PROFIT ANALYSIS AND THE VALUE OF INFORMATION: 

AN EVALUATION FOR THE NORMAL AND LOGNORMA.L DISTRIBUTIONS 

ABSTRACT 

In contrast to most papers dealing with cost-volume-profit analysis 

which focus on the decision to accept or reject a project, this paper 

examines the decision whether or not to seek improved information ab.out the 

inputs to the decision model. The maximum benefit from this information-

seeking process is measured by the expected value of perfect information. 

Expressions for the expected value of perfect information for the lognormal 

distribution, an. asymmetric distribution whic� is generally more realistic 

in such decisions, are presented. The·results from these expressions are· 

compared to those obtained from the expression for the normal distribution 

over a range of parameters. This comparison shows that the results for the 

normal distribution approximate those for the lognormal distribution only 

over a narrow range of parameters. 
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Cost-volume-profit (CVP) analysis has been widely taught and use� as a 

tool for short run business decision making. The basic CVP model, which 

assumes a single product, a single time period and certain knowledge of the 

variables to be used, is useful but has obvious limitations. Research has 

been done to extend the basic model in regard to these assumptions, e. g. 

multiple time periods [Manes, 1966], multiple products (Johnson and Simik, 

1971], and uncertainty of the variables [Jaedicke and Robichek, 1964]. The 

work of Jaedicke and Robichek has been extended in a number of research 

studies. Some studies have examined alternative specifications for the 

statistical distributions of the inputs to the CVP model [Buzby, 1974; 

Hilliard and Leitch, 1975; and Liao, 1975] while other studies have examined 

the effects of related statistical assumptions such,as the correlation of 

input parameters [Ferrara, Hayya and Nachman, 1972]. Other research studies 

have examined the stochastic CVP model when allowance is made for the 

possible inequality of production 

about fixed and variable costs 

and demand with different assumpti0ns 

and various penalties for over- or 

under-production [Ismail and Louderback, 1979; Lau, 1980; and Shih, 1979]. 

The primary decision criterion in the various CVP models is the 

maximization of profit. Recognition that performance is frequently 

evaluated by use of return on investment for both external and internal 

purposes has led to research in which the decision criterion of maximization 

of expected return on investment has been applied to the case of stochastic 

demand CVP analysis [Thakkar, Finley and Liao, 1984]. 

All the research discussed above can be characterized as focusing on 

the accept/reject 

acceptable data 

decision 

on the 

for the project, assuming the availability of 

required inputs for the particular model. 

Refinements in the basic model have involved an improved decision criterion 
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(e. g. maximi ze expected return on investment rather than profit), or an 

additional decision criterion (e. g. evaluate risk of the project via a 

probability statement as well as expected profit). These refinements differ 

in their practical applicability because of the need for information on 

details of the distributions of input parameters and their correlation, 

which may not be either available or known with any accuracy. 

It has been suggested that another decision relating to the 

uncertainty of knowledge of the input data for CVP analysis should be 

considered [Richardson and Wesolowsky, 1977; Kaplan, 1982]. The particular 

. 

suggestion is to use cost-benefit analysis in the decision whether to seek 

more information about the input variables before making an accept/reject 

decision on the project. The present paper extends the work in this area. 

In particular, a measure of the benefit from �eeking additional information 

is presented for an asymmetric (lognormal) distribution rather than the 

usual symmetri� (normal) distribution. In addition, the extent to which the 

normal distribution may be use4 as an approximation for the lognormal 

distribution is examined. 

The plan of this paper is as follows. First, the basic issue of the 

approach to decision making in CVP analysis is examined. Then, the relevant 

previous research is reviewed. Next, measures of benefit for the normal and 

lognormal distributions to use in the cost-benefit decision described above 

are presented, and then compared and evaluated. Finally, some conclusions 

are drawn. 

DECISION APPROACH IN CVP ANALYSIS 

In general, the approach to the decision process in CVP analysis can 

be characteri zed as illustrated in Figure 1. That is, the information on 
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the inputs appropriate to the particular CVP model being used is aSS4ffied to 

be available and the issue is whether an accept or reject decision should be 

made based on the specified decision criteria, normally related to return 

and risk. 

A decision process that is more realistic in general is presented in 

Figure 2. This model recognizes that an initial decision whether to make 

the accept/reject decision with the available information or to seek 

additional information must be made first. The focus of the current 

research is on the decision whether to seek additional information. The 

results of previous research on the accept/reject decision are taken as 

given. 

In order to decide whether to seek further inf.ormation, the relevant 

benefits and costs must be estimated. For a particular situation, the cost 

may be estimated more or less easily. However, it is generally much more 

difficult to estimate the benefit which would result from.seeking further 

information. An upper limit on the benefit, which is very useful in many 

situations, is provided by the expected value of perfect information (EVPI). 

Expressions for the EVPI for a normal distribution are well known. However, 

it is generally recognized that the distribution of the key variables 

relevant for CVP analysis are unlikely to be symmetric, let alone normal. 

Therefore, an expression for the EVPI of an asymmetric distribution-­

specifically the lognorrnal--should be more useful. The conditions under 

which the EVPI for the normal distribution is a good approximat�on to the 

EVPI for the lognormal distribution are also of interest. 
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REVIEW OF RELEVANT RESEARCH 

The simplest CVP model is the single period, single product case where 

all input variables are assumed to be deterministic. The key decision 

results for this case are given by the following two equations. 

where 

Z - Q (P - V) - F - Q M - F 

Q
b 

- F I (P - V) - F I M 

Z profit 

Q quantity to be produced and sold 

P unit selling price 

V unit variable cost (total) 

M - P-V - contribution margin per unit 

F - fixed costs (total) 

Q
b 

- breakeven quantity 

(1) 

(2) 

and all variables apply for some specified time period. Given that values 

for P, V and F, and possibly Q, can be determined, a decision can be made on 

the basis of Z and Q
b 

calculated from these equations. 

Because of the obvious weakness of assuming that the input variables 

to equations (1) and (2) are deterministic, Jaedicke and Robichek [1964] 

incorporated uncertainty explicitly by making the following assumptions: 

(i) Q, P, V and F are normally distributed random variables. 

(ii) Q, P, V and F are statistically independent. 

(iii) Z is a normally distributed random variable. 

The mean and standard deviation for Z can then be calculated straight-

forwardly from the means and standard deviations of Q, P, V and F. This 

-�-��' 
I 
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allows the computation of probability statements about profit. For example, 

the probability of profit exceeding breakeven is given by 

where f
N

(Z) is 

to be normally 

f
N

(Z) 

the probability density function of profit Z which is 

distributed. 

1 
[ -exp L z - µ 2 

< z) l 
J21f: az 

2 az 

(3) 

assumed 

(4) 

Probability statements like equation (3) provide information related to the 

risk .of the project's which may be used with the information related to the 

project's return from equations. (1) and (2) (calculated using expected 

values) in the decision to accept or reject a project. 

Subsequent research has examined the limitations of assumptions (i) 

[Bu zby, 1974; Hilliard and Leitch, 1975; and Liao, 1975] and (ii) and (iii) 

[Ferrara, aayya and Nachman, 1972] and has produced interesting and useful 

results. 

THE BENEFIT OF ADDITIONAL INFORMATION 

As illustrated in Figure 2, the decision whether to seek additional 

information about the input variables, before making a decision about the 

project itself, is bei'ng examined. In many situations, it is generally 

possible to estimate the cost of obtaining additional information within 

reasonable bounds. However, estimating the benefit that would result from 

that information is typically much more difficut because of the need for 

more detailed specifications and more complex calculations than are 

generally feasible. A useful upper limit to the benefit to be obtained from 

obtaining additional information, and so to the cost to incur in any 
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information gathering process, is the expected value of perfect information 

(EVPI). 

It is well known that, for a normal distribution, the EVPI can be 

calculated from the equation 

EVPI - (5) 

where 

(6) 

and can be obtained from. standard normal loss function tables 

[Winkler, 1972] or calculated from the equation 

where fN (R3) is obtained using equation (4) and 

FN (a) - J: f (x)dx a n 

THE LOGNORMAL DISTRIBUTION AND EVPI 

(7) 

(8) 

The use of the normal distribution in CVP analysis is unrealistic in 

some, if not all, cases because it is symmetric and allows negative values 

of the independent variable. The lognormal distribution has been suggested 

for use in this situation because, among other useful properties, it can be 

made to have a specified lower limit and a specified degree of skewness 

[Hilliard and Leitch, 1975]. For F fixed at a value µF' the lognormal 

probability density function of profit Z, fL (Z), is given by the equation 

1 fL (Z) = -------- (9) 
(Z + µF) j--z-:; a* 

8 
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where 

µ* 

2 
O'* 

- log [ 

2 
µQ 

j 2 2 
O'Q + µQ 

2 
O'Q 

+ 1 ] log[(�) 
µQ 

+ log 
• O' q (pQPaP -
[ 

µQµ.M 

2 

+ log 
µM (10) 

j 2 
aM + µM 

2 

2 

+ log 
aM 

+ l] [ (=) 
µM 

Pqv aV) 
+ l] (11) 

Because tfie lognormal distribution is not symmetric, the calculation 

of the EVPI is more complex than for the case of a normal distribution. In 

particular, the computation of the EVPI is different for the cases of µZ > 0 

and < 0. For µZ > 0, the EVPI is related to the possibility of Z actually 

turning out to be negative and is given by the expression 

2 
+ 2µ* log µF <1* - µ* 

-exp [ ] GN [ - a*] 
2 a* 

+ µF GN [ 
log µF - µ* 

] (12) 
O'* 

where 

(13) 

For µ2 < .o. the EVPI is related to �he possibility of Z turning out to 

be positive and is given by the expression 
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EVP I 2 - f° Z fL (Z) dZ 
0 

The definition of µZ leads to the following result. 

Therefore, 

J° Z fL (Z)dZ + f° Z fL (Z)dZ 

-µF o 

(15) 

(16) 

or the EVP I for the lognormal distribution can be written in the more 

general form 

(17) 

Examination of the preceding shows that, although the computations are 

somewhat more involved, the EVP I for the lognormal distribution requires the 

same information about the distributions of Q, P, V and F as for the normal 

distribution. 

COMPARISON OF THE EVPI FOR THE NORMAL AND LOGNORMAL DISTRIBUTIONS 

The reason for calculating the EVP I is to establish an upper limit for 

the benefit from, and therefore the cost to be incurred in, seeking 

additional information before making a final decision using the CVP model. 

Given the familiarity of the normal distribution, it is of interest to 

determine whether the EVPI calculated for it is a good approximation to the 

EVPI calculated using the more realistic lognormal distribution. In order 

to make this evaluation more tractable, a stochastic demand CVP model will 
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be used; that is, it will be assumed that only Q, the quantity to be 

produced and sold, is uncertain. This is not an unreasonable assumption 

because in most short run decisions, for which CVP analysis is an 

appropriate tool, the value of Q is the most uncertain variable. Research 

using this assumption in a different approach to CVP analysis has recently 

been reported in the literature [Thakkar, Finley and Liao, 1984]. 

'file EVPI for the normal distribution is given by equation 5 which 

depends primarily qn the variable R3. With the assumption that Q is the 

only uncertain variable, it may be shown that 

(18) 

where R1 relates the breakeven quantity to the expected quantity 

(19) 

and R2 is the coefficient of variation which relates to the width of the 

normal distribution 

( 20) 

Equation (5) can now be rewritten in a standardized form as 

(21) 

That is, the EVPI for a normal distribution, in units of the standard 

deviation of profit a2, is a function of the two variables R1 and R2. 

11 
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With the assumption above that Q is the only uncertain variable, 

equations (10) and (11) for the lognormal distribution can be simplified to 

the following. 

- log 
[ 1/2 

(R2 + 1) 2 

(22) 

(23) 

In addition, equation (17) for the EVP I of the lognormal distribution can be 

expressed in a standardized form as 

+ 

2 log R1 + 1/2 log (R2 +l) 
[ ] 

[log (R 2+1)]
l/Z 

2 

(24) 

Note that, for the lognormal distribution, R1 still relates the breakeven 

and expected quantities, but the coefficient of variation R2 is a measure of 

the skewness of the distribution. 

Equations (21) and (24) allow the EVPI, in units of a2, for the normal 

and lognormal distributions to be compared as a function of R1 and R2. A 

comparison in this form is particularly useful because of the meanings of 

the two variables for the normal and lognormal distributions. Table 1 

provides values of the EVPI, in units of a2, for the normal and lognormal 

distributions as a function of the two variables R1 and R2. The table also 
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provides the difference between these two values as a percentage of the EVPI 

for both the normal and lognormal distributions. 

value 

Examination of Table 1 leads to several conclusions. For a given 

of the coefficient of variation R -2 
aQ/ µQ' which reflects the 

skewness of the lognormal distribution, 

(i) The two values are closest for R1 - l, i.e. for Q
b 

- µQ. 

(ii) The value of EVPI
N 

gets increasingly larger (smaller) than the 

value of EVPI
L 

as R1 moves farther below (above) 1, i.e. as Q
b 

gets increasingly smaller (larger) than µQ. 

For a given value of R1, the difference between EVPI
N 

and EVPI
L 

varies 

smoothly, with the particular relationship depending primarily upon whether 

R1 is less or greater than 1. 

The most striking observation is that the dif�erence between EVPI
N 

arid 

EVPI
L 

increases rapidly as R1 moves away from 1, i.e. as the difference 

between the breakeven and expected quantities increases, and as R2 

increases, i.e. as the skewness of the lognormal distribution increases. 

These general observations result from the difference in the nature of the 

distributions. It is interesting to see how rapidly the EVPI calculated for 

the normal distribution becomes significantly different from the EVPI 

calculated for the lognormal distribution. 

CONCLUSIONS 

In this paper, the decision whether to seek additional information 

about the input variables of the CVP decision model, a decision that is 

--------tT 
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generally not explicitly dealt with in the accounting literature, ha� been 

investigated. A cost-benefit approach to this decision has been employed, 

with EVPI, the expected value of perfect information, used as the upper 

limit to the benefit which would result from seeking additional information. 

Expressions for the EVPI of the lognormal distribution, an asymmetric 

distribution which should be useful in the CVP decision, have been derived 

and presented. The values of the EVPI calculated for the normal and 

lognormal distributions have been compared. This comparison shows that the 

EVPI for a normal distribution approximates that of a lognormal distribution 

only under relatively restricted conditions. 

In summary, the paper has presented an explicit approach to the 

decision whether to seek additional information before making an accept or 

reject decision using CVP analysis. It has shown that the computations for 

the lognormal distribution, which will better approximate reality in most 

situations, should be used rather .than the more restricted normal 

distribution. 

14 
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Figure l 

Representation of Decision Process in CVP Analysis 

as Usually Assumed 
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REJECT 

A/R: CVP ACCEPT/REJECT DECISION 
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Figure 2 

Improved Representation of Decision Process in CVP Analysis 

INITIAL 
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OF INPUT 
DATA 

DO NOT SEEK 
INFORMATI 
ABOUT UTS 

C/B: COST/BENEFIT DECISION 
A/R: GVP ACCEPT/REJECT DECISION 
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REJECT 

----r I 

18 



/ 

19 

Table l 

Comparison of the EYPI Calculated for the 

Hg;mal and LoiP.ormal Distributions(l) 

-
--· 

.e 
0 
0 
"" 
9990 

ii.'!• 06 
:J.lllll 
0 
� 
a49 
199' 

12e l 
• 
� U69Ul·l7 
, 
999' 

• iOO 

U• l 
2.666667 
t :SLl21!·01 

147ll4l·Ot 
- • �H8t..U"47 
.lf 99911 

Ue I 
t.• 
Z l2M971·02 
1 :..7017U·05 

-.tjU6b 71 
-=n 8506' 

12• 1 
l.l<oZU? 
6 ]002121·02 
.tj !16279•&·04 

-�lH.!U 
·ll.9lo2�5 

;u. ' 
Ullllt 
��:?.:.911 

? .QJ097!·0l 
..... �65 IJ29 
-H 65515 

U• LL 
·:"1121 
:J6n'8 

.. "Ot.1151;-GJ 
·Z-'19 ' 
-�6 SH�Z 

.u., l l 
.,l5J.!46 
::<U.HI 

'i iSl5l.U·OJ 

·2261 396 
·H ·590 

i2 ... l s 
SH1ll• 
tS770U 

� Sll29ll·Ol 
-mu 50<b 
-l5.26UZ 

,z.., �-. 
.. ·.nan 
�tl"OZ:oZ 

: 1 .. a7qn .. n 
• .!89 09, 
H. 172'1 

12• Lt 
.. .uou1 
HJZH 

,_ -� S..- 8.00UC·OO. 
za :o J 
o 2i664ll·U :nu21 
J "J ]9H6lt. 
nH .i999 - L 11n3u .. oz 
nn . a 9999' ·" H1L1o1t.l-Ot 

VAi.� .0016 AM1J � S� l ZOZ'5U:00l 
LS �O � J 
0 Hi.'°1g .. 2J L i.194611•01 :18%l) 
� '.1 ·�U191·09 Ji6 ''5C. 
MH ��H9 . z:n �u ... :neaua.02 
�'" .1� nn• .-16 ... i9U ... �1:.:su-01 

'/U.IMlc:I- .001' AJID lDG?¥OllL\L SUVKISS ... 1 U;.9'91.·.Jl 
�o ., .,uu1 l. nnll l 

t;9UOll·2l .. Q9S2ZE·t.2 L lL59061·04 Hl9t..ll 
J 1 :.Jt.625!·05 :n��'.n 
J999 .i;i99 ... 11 ; .. u :.�'!!'IL9 

.n 19999 . ;.oo - n . �90lt. :.Jl:':'19 

"!Al.IA.Kie J06e AND '...OC�l.PW. SKIWU$c:o i. l9'1.096l·OZ 
I , } \ } 

: '6'71· ll 
J 

5 :.i746l£·01 L-;QUOH:·lll !18942) 
J i.�OV9E-L2 ii Hll'"U:·O� Hlll•l•16 

199' · HUt.l l · :.n J5l .U.Z61l5 
·LOO -1� U22 -H ... QJ:.27 :.SS9l'-2 

; ! 
l l!t521£· l0 
) 

� 1)16011£·06 
� �!H4a·\ll 

.11:25 u 

J ... ;01ur-01 
J. HSl22!·0l 

... :.s. ·on l4Q• 
. :.�o 

5 .. ;01,.u-01 
! HSUU·'l6. 

. i502. 827 
JS ZBLI 

. 19 Of91t 

� BJJll 
.. .!l910U·02 
l ::..61.ZU:·lll 

· �.:.o lt:.I 
.·n .;out 

! ] �5t..i7 

,.;&6666 
!.5H!.'7 
:. �� :.12 7 

. ]r. !04'7 
·l!i 3U59 

'I� l'-��S.. -5U5 
l.2 

• I r.. 
5 UOtlH-02 i.202071 2l01:.l!i9 
I 82'72U·Ol OIU5'1 "lOlll 

-HJ.OU ·Ll4.1IH .Jl 74611 
-dt.61591 .·H �u .a. 1'-154 

'.'AllAlfCloc 
B11.c.29 
lQU67 
Ol!DZ51 

·502.!!65 
·U.19661 

.. 9 AffD t.OCltORJIAL. SKIVNU!• L. Z201 
Ptt.ZH .!!51141 
l:u,n. Z72:lH 

.5 0286411·02 :.14U97 
-rzo.0111 -19 11c.2n 
·'"' 5'691.ti. .a .. 909 

'/AIIAKI- U AHO LOC2tOIMI. SlrwlfUSc Z V'il 
U66667 !222222 
t3UL97 !LSt.151 Z97ULJ 

l HL96U-U2 1967201 .!005127 
... ll 129"' • LZ2. !927 - {oa . JHl 
-a0.-46'05 ·H-LLlll ·31.5092"' 

·:.u.I.AHcl• l. 2L AlfD t.OC:NOUIAL SUUll'US- l 
::c.5<r.ii.5 !6l6JU :.!LUU 
:.31ol]l � .. l2ll6 Jt:.6092 

1 •n2_c.Jr;.02 ".'Jc.7491 :..auu2 
!!6 .;6.;.& -�12.:..aSJ .Ja .... OloH 

. ·q .. ao . i6. HU'16 . 16. H05 

., 
!H9'-Zl 
;.? : .. !, � 
!905U7 
;�96:'·? 

:lp .. .:1 
-�.PH'." 
�·uP 

! .. 1.,·55 

, 
Ha,.n 
J:'1C.l0L 

-� anu 
·6. 19 ... -lU 

·J 
�91942] 
!5.;.JQ)CJ 

i-ii..ll 
· ll.:.5io.l9 

Q 
J919lo.zl 
JlJUli 

. ;,;; :16 ... a 
·i.6.:.UU 

!'>!942] 
1 �=5·ll.l 

<: ;�cz 
· H :i,..zs 

."ARIAJCC!• l 59 AHD LOCNOJUL\L Skr.'!fl.SS• i l 16099 
.. usu5 JU7692l :.suuz 1 
.:09925lo. .'.6lSlli. 3267 1Ll !HG1.o�! 

:c. ll2'.11U·OZ ".077�23 ".129514 
-1a .. l.lf77 . t411. aou� --H JJJJ9 
.19 1596'· · .59 ULc. ... a.94c.9 

:ux�1:- l. H AHO t.OCHOlllAL SUW!f!SS• ; 562' 

?)Ol..119 
.. lj6Q664&·02 
!14 :..)16 

.'.566o:iii7 :Dllll 
�-1nt:a lHU65 
i.01!9 .. 9 :.H5.U2 

· t!9 2362 �O 5'5U 
-6L .. .:su ..... ·�:'54 

!l!��"ld 
. !� j442 .. 
.a 5.'.�l 

j'l'l�4.'.] 
;·�:;B 

J8tJ'1 
1l ·::h� 

'U.tAHC!"" l 39 AHO :..CiemlMAL, jK£"."'NESS• 1 .. ".JZL 

:n?c.t2 !!�·H4L �:..-i ... "l 
.! .. .'06"5 :.inu � ... a154 

.. 3l526U·lJ2 ".J6l7U ".' .. 3624 
... �J ;"':"' :. ·:.. ·us -l2 --u1 
IO .. t�Ot ,) 504U ... a 1!54 " 

'li\ILUK:t• l 61 AH'D l.OCHODW. !l.IUlllSS• 20 2521 
1157895 Zl052!l :..0'2'12 j 

.... . 

2607757 l02U7li. Jlo45tH 1989<.ll 
t t50111·0Z 

·U29 161 
(., 91416·91·02 i.019511 1700113 !li.]9li.5l 

... Jo Sl75 ·L90 ?HZ ·104 9649 ·o!tl 517"'1 
-14 1LI02 

U• !. L 
!909'52'. 
Zll069Z 

l. lt..l62U·OZ 
·i.i07 H.1 
-H• :sut 

·'1.U297 -65.61435 ·H.Hl17 ·18 a520l 

'/AJ.IAllGI• r. 4l AHl> LOCNOlllAL SUW'MISS• 21 
ilP'!.41 ��04762 095?111 
v12su 1·.:nn HHH2 

.., HC.1'71·02 �_:::J553 lUc.109 
.... 12 UU ·207 S71' ·117.llH 

H.H295 ·H .. 97,\ -51.91151 

1610t 
0 

1989423 
IJOIL9Z 

. ·1 J62' 

... 2 H�'-L 

11.., L.J 

U<> °' 
. ta 

' ... M41.2J 
l.5lllf71·01 
:oo 
l.2U27H917 

Uc. . a& 

·I OOOOOZ 
I IU'-lll·OI 
;.0]"971-07 
H 5L70t 
1071.141 

az., o• 
-1 l1lll6. 

t. lU90U·04 
J i0712ll·� 
u.uzn 
.!.22. 1917 

il., !JI 
·l. ;00001 
Z.��iH•Ol 
"' 209121·01 
52. )9"7\ 
:L0.0607 

U• L 
·.Z.000001 

a .:.901341·03 
l . .:.sl.1011-02 
<LlllU 
'l.10291 

u... ] 
5666661 
�HU97 
L7166H 

LJ:.'Ui!.U 
,. '1211 

U• .J 
·-1 

:!JOi.lll 
,!r.t)]Ji.t 

-.. LL759l 
� 2n�z 

U51tMI 
:'�2516 
�5201!1 

-1.!12404 
-) :17)07 

'222223 
.!916•L2 
:olOllt 

.-..1 . .!!101 
· LO . H911 

az.., t. L 
· ".3ULl2 

::. ... 6092 
;S96"'i 

a_ �s:u 
-L: .. 6H6 

u ... t] 
:..1J8(o62 
H!i�!!l 
.!S\:4102 

. ;o ..... t9 

-�1 D75l 

RZ- l 1 
.Jllll� 
llSUU 
!1986l6 

... o •iOi..l 
-a.Hl62 

H• l . 
:J.:"5471 
1 .. .za75"' 
::HlU 

.. 1 ·:our. 
11 :n:.• 

u- l.t 
. 1052612 

l4UlH 
ia25u 

· 59 U071 
.17 J7503 

U• !.L 
. ' 12Jll21·02 

llllJU 
lOILOll 

;� u .... 
--.l.OH47 

L• 

.,..._ 
·lO 
0 

t.6 LI 

----•.Gel.I&·• 
.� ·"4 ·M 

0 0 0 

1 :.lOUJ.1·07 
:oo 

io."70l44&00Ai l.4901161·06 ·l. U7U>'!-« 
LOO LOO LOO 

99'9 '19H 9tff 99ff 

OOU - WGll!!llllAI. - l.20Z3H·Ol 
·l..O ·L! ·lD ·Z5 

1 §9U011·1l 
l 7Ui29i .. 7 
LOO 

0 0 Q 
2. 23.51721·01 1 4505111·07 • 5. 51791'1 .. 0f 
LOO 100 LOO 

:.. u�tC.llt>L7 9999 799' 9H9 

0IAJ.I...,._ 001' Allll LOG80lllo\I. ,._,.. 7.2129598·03 
06 6666'7 ·lO ·Ll.Jllll ·16.66'67 

L.�OtS221·l2 7 H4,2He2l O O 
8.940'911·01 l.1279211·07 l. 711141·07 8.990]'71·0' 
19 9914l. lOO LOO 100 
Ot.2971 �- l2SOS71>f"l1 99ff 99H 

·:.u.UK&­
·I 

0016 AjfQ � SUWllUS- l.Zl449H·OZ 
.1 500001 ·lO ·Ll.l 

5 tL9"'6ll·OI 
1.0lo7llH·ll6 
U.l2 

LLHOlH·U 1 694.6011·21 .:. 69'20U·l, 
l. LL75Hl·OI l. 725291°07 · Z. •1119Ul·07 
H. 999H lOO 100 

'5852. l6l. 5. L59Ul1"4ll to.U.l6.ll-c>L7 -5.9'50H91+19 

01 Al<D � SUlll'US-0 OZ01 
·• 

1 OS601ll·OG 
�. :.J 10141·04 
n.·:.u 
t.'9 q,21 

., .a 
L.J5l52t:·LO l.628l41lol7 
l.2711'ZSU·07 l. t920tll·07 
'19 95117 '..:lO 
l<.Zt.60. 7 :. tl.!OUCc.U 

·LO 

7 69640ll·U 
L ... toUH-07 
�00 
L. lJU72t•LT 

."Ai.IANC:l., 9 OOOOOU·Ol AND LOCiNOIJ'L\L Sltr.nlUS• '...!SL 
·t J}Jlll ·Z -2 S66H7 ·l �]111J 

,.. !)91041·02 !.r..908"41·01 l. L!LHE·Ol � :.�HO�E·Ota 

• :.�t..Jt.U:-'32 a ai.10211-02 t.o9UM&-o2 • :..n6a-01 
.t <>7l1l �o 1:.u " 2�n1 11 llOU 
;t &'111 lH. 10'6 119" IU7 Jiilo4 Zll 

•tAR.U.:S- l, .. ,_,._., IUS 
I ·Ll ·Li ·! 
�202071 I 6102111·02 Z. l2'l91t002 � 4'fOU.C·.Jl 
�H9'4e 9 8161221·02 6 ]6'5271-02 .:. Ul.9191.·0'l 

!l..92'25 lo}. 19507 SJ.-.9JU ''11>°516"6 
?8.01219 76.04106 l1l 9237 lH.1Hf.r. 

·:AJ.WCE<o 49 � � siwmus... l. 2201 
)�"..:0216 • S57lto29 ·L l42U7 -l.r.U'72 
�:56•5� �Ol56H '. J002llE·02 l. 41.l.1051-02 
".J14l09 L46190l llllll• 8.11112ll·OZ 

i !illllU Z6.01971 4).-6Zlll 59 56197 
-.a 52121 J5_ :!9929 16.75U' Lt.1 ll41 

"IA.IIAHC!• !L AND LOC!tOIMt. 'il!WNISS- 2 • .Z76l 
. _...__ 5666667 · HHUI · l tlllll 

.!!.'"'451 ';.511197 LOZ49U 5 712,461.·JZ 
:ll9\ll Ull649 t4LOH7 ::uo1 

·i. !:1178 !Z.<427]] 11 13676 •2.ZJIU 
-� :'14lU l�. i.'JOl1 J7 UlU !]_ �!.009 

;AJ.IAHC:E.., l !l A..'Ol :.ocNOIMAL. SK!VkESS• l 51�1 
· i&J6lli� 54>5C.5lo6 · .. 2"'2i''l7 · �OQ0909 

..:.Jztl6 !.lf,,Lll LJ&l9'8 i H'5U1!-02 
!!.:··�6 �5C..2l67 i.PU.11 tJC..9111 

, t ,aou J67099J �1 �911c. 25 rn1:1 
·i..J -Ht � •t:.l.J5£.02 t5. l'1642 16 6U25 

.'UIAHC!• t H i\l'IO L..JCNORltAL SX!VHESS• � 2]6099 
!.rHll · ·6 l5lH · HHl46 
;sl81Jc.. ::19:54 �6....,.H! 
::..5oc..11 -.111a;57 �s ... HJt. 

-i2 :all ·tl '1611 l !i.!C.6H!·•H 
. �a tl2Z . �o 50B9 1 U6Q41g.oz 

"!i92101 
:�Hh.Z 
: .. la-.. & 

�.z 51:.-1 
� .. ll018 

-:.u.IAHCE .. 1. 
. �Ci0o:ilii67 

:"'PtO!.. 

.?5 AHO toCNOlKAL SK!'.1ol!SS• � 562S 

! �:9102 
-i: 5HJZ 

..:.;.. 5!256 

!JOC.lH 
:369)9 

·ll �59'52 
-:� H69S 

}]))])] 
-.a1;oo�5 
:.;61556 

:z HJIZ 
.: :\:1t 

·:\1UAlfC!e ! �9 �D :..OCHOR.'tAL .5KE".�£SS• ::. 
..:!�::ai.1 nz·11oLz .. ·:Hu 
;•? ?38 .: .. =�5'-s :-: �.,zt-.z 
..:: .. .:!'! :.n:.at.1 :5la5H 

.; ... !59 ! .. ,stzs ::.. n:.�1 
·o :2 .. !1 �5 "1401 :9 UP� 

·urAHC&- 1 &t Alf1' � iXIVllUS- .zo 
�:..<JHU 1111.!95 . ... ZLOH6 
1024116. :5onu -:nan 
i.iUll4. �:"!69'4 -..SH502 

·B 5769 .... 5 1ll89 -)6 d46a4 
·l'-H14L ·ll.<.o7U2 ·26 92'61 

'iAJIAHCZ- r. -.l AHD l.OCltOUCA.L SK.EWK!SS• 2.8 
• l10476Z .:1571.C.l . 1809524 

no9195 2 :ns.u ll10692 
;.!92891 171256• �594.271 

..;4 Z5UZ · 51 �C.205 .... 1 ·0002 
19 lL9!4 ·16 J6l1t ·ll. ?505l 

· H66667 
i.5 l t :..� 7 
: ... l6\!5 

< ;0:1,:· 
H•:g�: 

·.-..:..:. 

S2!ilU8 
�59'1'5 
". . .16iH 

·Zi "9Blo 
·H. UL07 

25109 
. ·'61901 

io524l9 
l!.1171 

·)9 �&216 
·ZI l9l3' 

--------11 

I 

( 
I 
! 



(1) The variable R1 - Q
b

/µ
Q 

(see Equation (19)) varies horizontally and the 

variable R2 - a
Q
/µ

Q 
(see Equation (20)) varies vertically. 

The variance is R2
2 

and the skewness of the lognormal distribution is 

For each R1,R2 combination, the information.given is: 

(i) 

(ii) 

R3 - µ/a (see Equation (6)). 
z z 

EVPI
N

/a
z 

(for the normal distribution (see Equation (21)). 

(iii) EVPI
L

/a
z 

for the lognormal distribution (see Equation (24)). 
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