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Disagreement among Investment Criteria- 
A Solution to the Problem 
JOHN P. WORKMAN 

Abstract 

Three standard investment criteria, benefit-cost ratio (B/C), 
internal rate of return (IRR), and present net worth (PNW), are 
commonly used for economic evaluation of range improvements. 
Unfortunately, as commonly calculated, these three criteria often 
yield contradictory selections when choosing between two or more 
possible range improvement projects. Disagreements among the 
three criteria are caused by differences in project lives and initial 
investments (size), along with failure to recognize explicitly the rate 
of return foregone on alternative investments. This paper demon- 
strates that when projects are normalized for non-uniform lives 
and differences in size, the three investment criteria yield identical 
project selections. Correct project selection by B/C requires nor- 
malization for non-uniform size, while the IRR calculations must 
be normalized for differences in both project size and expected life. 
The following procedure is recommended for selecting an opti- 
mum combination of projects from among numerous alternatives: 
(1) Rank projects by B/C. (2) Select best projects first until availa- 
ble capital is exhausted. (3) Perform PNW side calculations to 
verify the accuracy of the selected project combination. 

Three investment criteria (benefit-cost ratio, present net worth, 
and internal rate of return) are commonly used for economic 
evaluation of range projects. Benefit-cost ratio (B/C) has long been 
used by the public land manager as the criterion for separating 
feasible and infeasible management alternatives. B/C expresses the 
feasibility of a given project as a ratio of present value of gross 
project benefits to present value of project investment and operat- 
ing costs. A B/C equal to or greater than 1 .OO may be interpreted to 
mean that a present value equivalent of at least $1 is returned for 
each $1 expended in costs. 

In management of private rangelands the traditional business 
management measures of present net worth (PNW) and internal 
rate of return (IRR) are more commonly used. PNW expresses 
project feasibility in terms of the difference between present value 
of project benefits and present value of project costs. A positive 
PNW indicates that project benefits outweigh project costs. IRR 
may be defined as the interest rate that forces the discounted value 
of net project benefits to exactly equal the required project invest- 
ment. As measured by IRR, a project is said to be feasible if the 
calculated IRR is equal to or exceeds both the interest rate charged 
for borrowed capital and the interest rate that could be earned in 
the best alternative use of the required capital (the opportunity 
cost). 

The Problem 

The question of which of the standard criteria to use in evaluat- 
ing investment projects has long been a source of controversy 
among economists (Gardner 1963; LeBaron 1963) but one which 
only recently has received much attention from range managers. 
The recent interest of the range profession in the choice of invest- 
ment criteria has been triggered primarily by modern computer 
programs such as the U.S. Forest Service “Invest III” program 
which automatically generates measures of all three criteria from 
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raw data dealing with range improvement investment, life expec- 
tancy, expected productivity response, etc. The question of which 
criterion to rely on and which to disregard has come about simply 
because the three criteria, as commonly calculated often produce 
contradictory results. The purpose of this paper is to demonstrate 
that if the three criteria are correctly calculated,each gives the same 
correct investment decision. 

The controversy concerning which investment criterion is the 
correct standard for selecting among available investment alterna- 
tives was well summarized over 15 years ago by Gardner (1963) and 
LeBaron (1963). Gardner confined his discussion to the choice 
between IRR and PNW while LeBaron also included B/C, the 
criterion most commonly used by federal land management agen- 
cies. The conclusions of these two authors are briefly reviewed 
below. 

Gardner (1963) began by pointing out the wide variability in 
rates of return reported for rangeland reseeding projects in differ- 
ent parts of the Intermountain area (Caton et al. 1960; Lloyd and 
Cook 1960; Caton and Berginger 1960; Gardner 1961). He then 
demonstrated that most of the apparent variation in reported rates 
was due to differences in methods used to calculate what was then 
commonly called the “rate of return" rather than to true differences 
in costs and returns. Based on his review of several classic treat- 
ments of the problem of capital budgeting (Dean 1954; Alchian 
1955; Lorie and Savage 1955), Gardner recommended that IRR, 
rather than PNW, be used as the criterion for ranking range 
improvement projects that are mutually exclusive due to limited 
investment funds. Advantages claimed for IRR were (1) the calcu- 
lated rate is directly comparable to the compound interest rate paid 
for borrowed capital, (2) it is not necessary to undertake the 
difficult task of selecting the “correct” interest rate for PNW 
discounting calculations, and (3) IRR standardizes projects with 
respect to size and expect life. Gardner did caution, however, that 
the listed advantages are based on the assumption that net cash 
flows to a short lived project can be reinvested at the IRR gener- 
ated by the project to give a useful life equal to the longest lived 
project under consideration. 

LeBaron (I 963) provided a rebuttal to Gardner’s claim of super- 
iority of IRR over PNW. Drawing on Hirshleifer et al. (1960), he 
criticized the project rankings of IRR as inconsistent with those of 
PNW whenever project lives differ and net returns cannot be 
“immediately andperpetually reinvested at their own internal rates 
of return” (Alchian 1955). By posing the following questions, 
LeBaron also took issue with the third advantage claimed by 
Gardner (and by Solomon 1956) that IRR standardizes projects 
with respect to size: 

Suppose mutual exclusiveness, what does it mean to say that 
average internal rate of return is 9 percent on $40,000 or 8 percent on 
$50,000? Which is best (assuming equal lives)? Can the decision be 
made without the introduction of some side calculations (concern- 
ing, say, the $10,000 difference that might be invested in the market, 
etc.?) 

Some Range Improvement Examples 

Disagreement among Criteria 
Some simple range improvement examples may clarify the 
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above concerns and help point the way to a workable solution to 
the problem of disagreement among investment criteria. Suppose a 
rancher has two range improvement projects that appear promis- 
ing for his operation (Table 1). Suppose further that the rancher 
can borrow up to $2,400 at 9% interest and his best alternative 
investment opportunity promises to yield 10%. The relevant rate to 
be used in discounting future project net returns back to the present 
is, of course, the higher of the borrowing rate and the opportunity 
cost rate or, in this case, 10%. Thus, for the spraying project the 
present value of $142 net return to be received annually for 20 years 
is $142X 8.5 136~ $1,209 where 8.5 136 is the Present Worth of One 
Per Period factor for 20 years and 10% (Gushee 1968). 

Table 2. Comparison of two hypothetical range improvement projects 
with different lives and equal required investments by three investment 
criteria, standard calculation method, 10% and 10.5% discount rates. 

Project life (years) 
Annual net return ($) 
Initial investment ($) 
PNW at 10% discount rate ($) 

Table 1. Comparison of two hypothetical range improvement projects B/C at 10% discount rate 
with equal lives and different required investments by three investment 
criteria, standard calculation method. IRR (%) 

PNW at 10.5% discount rate (%I 

Project life (years) 
AnnLEd IX3 return ($) 
Initial investment ($) 
PNW at 10% discount rate ($) 

IRR (%) 
B/C at 10% discount rate 

Project 
Spraying Developing 
sagebrush stockwater 

20 20 
142 320 

1000 2400 
1209-1000 2724 - 2400 
= 209 = 324 

12.96 11.93 
!E= 1.21 2724= 1.14 
1000 2400 

B/C at 10.5% discount rate 

IRR (%I 

The rancher’s problem is one of deciding which range improve- 
ment, if either, to invest in. As shown in Table 1, by the standard 
calculation method both range improvement projects appear eco- 
nomically feasible as measured by all three investment criteria. 
PNW indicates that both projects yield a net profit, IRRi shows 
that both yield an annually compounded rate of interest greater 
than the 9% cost of borrowing and the 10% opportunity cost, and 
B/C reveals that each $1 invested produces more than $1 in 
returns. 

recaptured from the 15-year prescribed burn project at 1170, then 
of course the rancher would prefer a rate of return of 11% on a 
$10,000 investment to one of 10.8 percent on the same amount of 
capital. Thus IRR appears to have made the correct project choice 
while both PN W and B/C have made the wrong selection. It seems, 
then, that the standard calculation method leaves room for honest 
confusion as to which of the two projects is truly superior. This 
question is pursued in more detail below. 

“Inconsistent” Criteria 

Although both improvement projects have proved to be eco- 
nomically feasible by each of the three investment criteria, the 
rancher must make a decision as to which of the two projects to 
implement. Since his banker has agreed to lend a maximum of only 
$2,400, the rancher clearly does not have enough capital to invest in 
both projects. As shown in Table 1, the investment criteria disagree 
as to which of two projects is the better investment. Both IRR and 
B/C select the spraying project while PNW indicates that the 
stockwater development is the better investment. 

The rancher’s goal is, of course, to maximize the present value of 
the net return (PNW) from investing the total $2,400 of available 
capital. Since a net return of $324 is obviously preferred to one of 
$209, it appears that the PNW criterion is correct in choosing the 
stockwater development while the other two criteria have both 
selected the wrong project. This point will be discussed further 
below. 

As mentioned above in the review of Gardner’s (1963) paper, the 
fact that it is not necessary to select a discount rate for IRR 
calculations is often claimed as an advantage for this criterion. As 
commonly calculated*, IRR is not dependent upon the borrowing 
or opportunity cost rate and thus consistently selects the same 
project from a choice of two or more investment opportunities 
while project selection by both PNW and B/C depends upon the 
interest rate used for discounting, causing the two latter criteria to 
be labled “inconsistent” (Workman 1976). Table 2 illustrates the 
inconsistency. Using a 10% discount rate, both PNW and B/C 
choose the grazing system while the prescribed burn is favored by 
IRR. Changing the discount rate to 10.5% and leaving all other 
Table 2 numbers the same causes both PNW and B/C to reverse 
their original selections and choose the prescribed burn as the 
superior project. Since standard calculations of IRR are not 
dependent upon the discount rate, it consistently selects the seeding 
project. 

Normalization-a Solution 

Now suppose the rancher is faced with choosing between two 
entirely different projects, a prescribed burn and the implementa- 
tion of a grazing system (Table 2), he is now able to borrow up to 
$10,000 at 9% interest, and his opportunity cost remains at 10%. 
Again, by the standard calculation method, there is disagreement 
among the three investment criteria. At a discount rate of lo%, 
both PNW and B/C select the grazing system as the better project, 
which seems appropriate since the rancher logically prefers a profit 
of $671 to one of $580. But the arithmetic of Table 2 is based on a 
I.$year project life for the prescribed burn and a30-year life for the 
grazing system. If there is an opportunity to reinvest the funds 

Despite the above confusion, if the three criteria are correctly 
calculated, all will select the same investment project in all cases. 
Both the contradictory project selections and the resulting confu- 
sion as to which criterion to follow are due to several crucial items 
of information being left out of the calculations. As explained by 
Mishan (1976), in order for investment alternatives to be correctly 
(and consistently) compared by the three common criteria, they 
must be adjusted or “normalized” to take the following items into 
account: 

1. Differences in project size (required initial investment) 
2. Differences in project expected life 
3. Rate of return on best alternative investment (opportunity 

cost) 
A normalization procedure will now be demonstrated that corrects 
for the items listed above and thus eliminates project selection 
disagreements among investment criteria. 

IIRR values can be approximated using Present Worth of One per Period or other 
appropriate financial tables (Gushee 1968) but the detailed values in Table 1 require 
the use of financial calculators such as the Hewlett-Packard 22 or Texas Instrument 
Money Manager. 

*As shown in Tables 4 and 5 below, when correctly calculated, the project selections of 
all three investment criteria are dependent upon the discount rate. Thus, all three 
criteria are “inconsistent”. 

15 
1391 

10,000 
10,580 - 10,000 
= 580 

10,580 = 1.06 

10,000 
11.00 
10,285 - 10,000 
= 285 

‘0,285= 1.03 

10,000 
11.00 

30 
1132 

10,000 
10,671 - 10,000 
= 671 
10,671 = 1.07 
10,000 
10.80 
10,242 - 10,000 
= 242 

10,242 
-= 1.02 
10,000 
10.80 
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Table 3. Comparison of two hypothetical range improvement projects with equal lives and different required investments by three investment criteria, 
normalized calculation method. 

Spraying Stockwater 

0 20 0 20 

-$lOOO $142 annually for 20 years $320 annually for 20 years 
w $8133 -$2400 ) $18,328 

at 10% at 10% 

-$1400 $1400 at 10% for 20 years ) 9419 
-$2400 $17,552 -$2400 $18,328 

+$2609+ 10% for 20 years $17,552 $2124 M $18,328 
$209 $324 

PNW: $209 PNW: $324 

B/C. .- $2609 = 1 . 09 B/C. .-- %2724 - 1 . 14 
$2400 $2400 

IRR: 

$2400 d 20 years $17,552 $2400 + 20 years $18,328 
at i % at i YO 

IRR = i = 10.46% IRR = i = 10.70% 

Correcting for Project Size Differences 
The key to correct calculation of parameters for the three criteria 

is explicit recognition of the rate of return available on the best 
alternative use of capital (initial capital investment as well as 
reinvestment of annual project returns). In Table 1, above, the best 
alternative to investing in sagebrush spraying and stockwater 
development promised a 10% rate of return. Recognition of this 
“opportunity cost” rate allows adjustment to be made for differen- 
ces in project size. The required initial investment for the stock- 
water development consists of the entire $2,400 available while the 
required investment for the spraying amounts to only $1000. How- 
ever, the additional $1,400 not required for the spraying project 
can be invested in the best alternative investment at 10% interest. 
Thus as shown in Table 3, the total future value of the spraying 
project at the end of year 20 consists of the $142 annual return from 
the $1,000 investment, compounded at 10% over the 20-year life 
(since the annual net return can be reinvested at the opportunity 
cost rate), $8,133, plus the future value of the “excess” $1,400 
compounded forward to the end of year 20 (since this amount can 
also be invested at the opportunity cost rate), $9,419, or a total 
value of $17,552. Similar calculations yield a total future value for 
the stockwater project of $18,328 (Table 3). 

Now that investment and return data for the two projects have 
been adjusted for differences in project size, parameters for the 
three investment criteria can be correctly calculated. As mentioned 
above, the rancher’s investment goal is to maximize the present net 
worth3 resulting from investing the entire $2,400 available. For the 
spraying project, PN W is the present value of the $17,552 to be 
received at the end of 20 years, $2,609, minus the $2,400 originally 
invested or $209. Similarly, PN W4 for the stockwater project is the 
present value of the $18,328 future amount, $2,724, minus the 
$2,400 initial investment or $324. Since the stockwater promises a 
considerably higher PNW, it is the preferred project as measured 
by PNW. But what about the other two criteria? As shown in Table 

3Alternatively, his investment goal could be defined in terms of maximum future net 
worth (Mishan 1976). In Table 3 he would prefer the future net worth earned by the 
stockwater project ($18,328 minus the compounded value of the original $2,400 
investment, $16, 146, or future net worth of $2,182) to that earned by the spraying 
project ($17,552 - $16,146 = $1,406). 

41t should be noted that since normalization of PNW for differences in project size 
involves compounding project returns forward and discounting them back at the same 
interest rate (the opportunity cost), PNW is not changed by normalization. For this 
reason the PNW values in Table 3 are identical to those in Table I. 
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3, normalized B/C and IRRS also select the stockwater project. 
Thus, when correctly calculated, each of the three investment 
criteria make the same project selection. 

Correcting for Project Life Differences 
As mentioned above, the disagreement among the three invest- 

ment criteria in Table 2 is due to the difference in expected lives of 
the two projects. As with the normalizing procedure to correct for 
project size differences, the key to correcting for differences in 
project lives is recognition of the rate of return available on the best 
alternative use of capital (the opportunity cost). As already estab- 
lished, the best alternative to the two projects considered in Table 2 
promises a 10% return. This information allows the life of the 
shorter-lived project (prescribed burn) to be adjusted to equal that 
of the longer-lived project (grazing system). This is done by calcu- 
lating the future value (at the end of year 15, the final year of the 
prescribed burn) of the $1,391 annual return and then simply 
compounding this value, $44,196, forward at 10% for 15 years to 
give the future value of the prescribed burn income stream at the 
end of year 30, $184,6 18 (Table 4). By similar calculations, the 
future value of the grazing system is $186,207. Based on these 
adjustments, correct values for project can now be calculated. 
Since normalization of B/C and PN W for non-uniform lives con- 
sists of first compounding returns forward and then discounting 
them back at the same interest rate (the opportunity cost), these 
two criteria are already correct in Table 2 and are not altered by the 
normalization procedures of Table 4. Again the rancher’s goal is to 
maximize PN W resulting from investing the total available capital 
($10,000). D s i counting future values of the two projects back over 
30 years at 10% and subtracting the $10,000 initial investment 
required by each yields PNW values of $580 and $671 for the 
prescribed burn and grazing system, respectively. Thus at a dis- 

5As calculated in the usual manner in Tables I and 2 above, the IRR criterion assumes 
that annual net returns are reinvested at the calculated IRR rather than the true 
alternative rate of return, the opportunity cost. For the $I ,OOOsagebrush spraying, the 
12.96% return is based on the assumption that each $142 of annual return is reinvested 
at 12.96% compounded annually over the 20-year project. This assumption may be 
demonstrated simply by compounding the $142 annual return forward at 12.96% to 
give a future value of $11,441 and then calculating the annual compound interest rate 
required to allow a $1,000 investment to grow to $11,4 1 I over 20 years. The calculated 
IRR is 12.96%, a result that cannot be achieved if the $142 annual return is com- 
pounded forward at any interest rate other than 12.96$& If, for example, the annual 
return were compounded forward at lo%, the calculated IRR would be 1 I .05% It 
should also be pointed out the IRR values calculated in this way are not strictly 
“internal” since they depend on the interest rate used to convert annual net returns to 
future values. 
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Table 4. Comparison of two hypothetical range improvement projects with different lives and equal required investments by three investment criteria, 
normalized calculation method, 10% discount rate. 

Prescribed burn 
Year 

0 15 30 

_$lO,OOO $1391 annually -10% 

15 years, 10% 
* $44,196 -----_- $184,618 

15 years 

-$10,000 

+$lO 580 3 < 10% for 30 years $184,618 

PNW: $580 

B/C: $10,580 = 106 - . 
$10,000 

IRR: $10,000 .30 years $184,618 
at i % 

Grazing system 
Year 

0 

-$lO,OOO $1132 annually t 
30 years, 10% 

-$10,000 

+$10,671 w 10% for 30 years 

PNW: $671 

B/C: $10,671 = 107 ~. 
$10,000 

IRR: $10,000 e 30 years 
at i $?40 

30 

$186,207 

$186,207 

$186,207 

IRR: = i = 10.21% IRR = i = 10.24% 

count rate of IO%, the grazing system is the project favored by 
PN W and B/C just as it was in Table 2. But what about IRR which 
chose the prescribed burn project in Table 2? After correction for 
the difference in project lives, the three criteria no longer disagree 
and IRR also selects the grazing system as the superior project. 

“Inconsistent” Criteria 
What if the discount rate were increased from 10% to 10.5%as it 

was in Table 2 above? As shown in Table 5, the increase in discount 
rate causes each of the three criteria to now favor the prescribed 
burn over the grazing system. While the adjustment for the differ- 
ence in expected project life ensures that the three criteria will 
consistently agree as to which project should be implemented, all 
three criteria are dependent upon the interest rate used for com- 
pounding and discounting and might be termed “inconsistent” 
with regard to this dependence. 

Choosing between Two Projects-a Summary 
As demonstrated in Tables 3,4, and 5 above, project normaliza- 

tion to correct for differences in project life and project size ensures 
that each of the three criteria makes the same correct choice 
between two range improvement projects. Normalization of both 
project life and project size is essential for correct project selection 
by IRR while B/C requires normalization of only project size. 
PNW makes the same correct selection whether normalized or not. 

PNW values are unaffected6 by normalization of differences in 
either project life or project size. In the interest of simplicity and 
east of calculation, then PNW is the criterion recommended for 
selection between two projects. 

Selecting an Optimum Combination from Three or More 
Projects 

Often range improvement investment decisions consist of select- 
ing several projects from among numerous promising alternatives. 
tives. In this case the manager’s goal is to maximize total net 
returns (PNW) produced by just exhausting all available capital. 
As might be expected, the selection procedure is more complicated 
than when choosing between only two potential projects. For the 
simple (and rare) situation where capital is unlimited, the proce- 
dure involves investing in all projects promising a PNW value 
greater than zero (or B/Cgreater than 1.00 or IRR greater than the 
borrowing cost and opportunity cost rates). But in virtually all 
management situations, capital is limited and an optimum combi- 

6The only exception to the general statement that PNW is unaffected by normalization 
is the special case where borrowing rate exceeds opportunity cost rate. In this case 
normalization of PNW values would involve first compounding forward at the lower 
opportunity cost rate and then discounting back at the higher borrowing rate, result- 
ing in smaller PNW values. 

Table 5. Comparison of two hypothetical range improvement projects with different lives and equal required investments by three investment criteria, 
normalized calculation method, 10.5% discount rate. 

0 

Prescribed burn 
Year 

15 30 0 

Grazing system 
Year 

30 

-$IO,OOO $1391 annually ~$45,987 *Oe5% ) $205,622 
15 years, 10.5% 15 years 

-$IO,OOO $1132 annually b $204,758 
30 years, 10.5% 

PNW: $285 

$205,622 

B/C: $10,285 = 103 - . B/C: $10,242 = I O2 - . 

$10,000 $10,000 

IRR: $IO,OOOr 
30 years 
at i % 

IRR = i = 10.60% 

$205,622 IRR: $10,000 1 30 years 
at i % 

IRR = i = 10.59% 

PNW: $242 

$204,758 

$204,758 
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Table 6. PNW and IRR values for six hypothetical range improvement projects, ranked by the B/C criterion. 

Project 

1. Spraying 
2. Stockwater 
3. Cross-Fencing 
4. Grazing System 
5. Prescribed Burn 
6. Seeding 

Required Annual net Project life PNW 
investment ($) return ($) (Years) (S, 10%) 

1,000 142 20 209 
2,400 320 20 324 
3,400 408 30 446 

10,000 1,132 30 671 
10,000 1,391 15 580 
5,000 508 30 -211 

IRR B/C 
(%) (10%) 

12.96 1.21 
11.93 1.14 
11.55 1.13 
10.80 1.07 
11.00 1.06 
9.49 .96 

nation of projects must be selected which maximize PNW while 
staying within the limited budget. 

The Traditional Approach 
Suppose the borrowing cost and opportunity cost rates are both 

10% and the investment problem is to select a combination of range 
improvement projects from those listed in Table 6 that will maxim- 
ize PNW while not exceeding a specific budget constraint. Tradi- 
tional procedure (Howe 1971) has been to first rank the potential 
projects by IRR (or B/C) values. Next, projects yielding the high- 
est values have been selected first with this process continuing until 
the available budget is exhausted. It follows from the discussion 
above concerning the choice between two projects by non- 
normalized IRR and B/C values that the traditional procedure 
could lead to incorrect investment decisions. This fact is demon- 
strated below and a method of avoiding project selection errors is 
described. 
A Recommended Approach 

investment combination. Together they yield a combined PNW of 
$533 while cross-fencing, the only alternative, produces a PN W of 
only $466 (Table 6). While in this example it is true that B/C (and 
IRR) did select the optimum investment combination, we were not 
sure it was the correct combination until it was verified by the 
PNW calculations. 

Fortunately, our goal in this case is to select a set of projects of 
various sizes that will maximize net return (PNW) while just 
exhausting available capital. Thus it is not necessary to normalize 
the projects for differences in required investment. However, cor- 
rect ranking of the projects in Table 6 by IRR would require 
normalization for differences in project life. For this reason, the 
procedure recommended in this paper (and demonstrated below) is 
as follows: (1) Rank the projects by B/C. (2) Select best projects 
first until the available capital is exhausted. (3) Perform PNW’s 
“side calculations’* on the last two or three (or more) projects, as 
required, to verify the accuracy of the selected project 
combination. 

Next suppose total investment capital amounted to $10,000. 
With this larger budget constraint, B/C (and IRR) select the first 
three projects (spraying, stockwater, and cross-fencing). Although 
this three project combination requires a total investment of only 
$6,800, it effectively exhausts the $10,000 budget due to the pro- 
jects being mutually exclusive (the remaining $3,200 of unused 
capital is insufficient to implement any of the remaining three 
projects). Our necessary PNW side calculation shows that B/C 
(and IRR) have selected the correct project combination. A com- 
bined PNW of $979 is produced as compared to only $671 yielded 
by the next best alternative, the grazing system. Again it should be 
emphasized that we were notsure that B/C had selected the correct 
project combination until PNW values for the two investment 
alternatives were compared. 

The six hypothetical range improvement projects in Table 6 have 
been ranked by descending B/C values and for comparison and 
verification purposes their PNW and IRR values are also shown. 
Once the projects have been ranked by B/C as shown, the decision 
as to which projects, if any, to implement is based on the amount of 
capital available. If, for example, total capital consisted of only 
$1,000, the spraying project would obviously be selected since it is 
the only alternative within reach of the limited budget. 

Suppose, finally, that the total budget amounted to $20,000. 
With this budget constraint, the B/C ranking selects the first four 
projects (spraying, stockwater, cross-fencing, and the grazing sys- 
tem). A PNW side calculation verifies this selection as the correct 
combination of projects (a combined PNW of $1,650 versus only 
$1,252 from a combination of the prescribed burn and the grazing 
system). It should be noted that in this case the IRR criterion 
makes the wrong selection (a combination of spraying, stockwater, 
cross-fencing, and prescribed burning, resulting in a combined 
PNW of only $1,559). As explained above, the IRR criterion 
provides a correct ranking only if projects are normalized for 
non-uniform lives (30 years for the grazing system versus 15 years 
for the prescribed burn). It is for this reason that B/C, rather than 
IRR, is recommended as the criterion to be used for initial ranking 
purposes when a selection must be made from among numerous 
potential range improvement projects. 

If $2,400 in capital were available, the investment decision would 
be more difficult. The B/C criterion (and IRR) favor the spraying 
over the stockwater development. However, since (1) all values 
shown in Table 6 are non-normalized, (2) the goal is to maximize 
PNW while staying within the budget constraint, and (3) the two 
projects are mutually exclusive (i.e. it is not possible to construct a 
smaller verison of the $2,400 stockwater development in addition 
to the $1,000 spraying project), we cannot rely on the B/C (or IRR) 
ranking and a PNW “side calculation” is required to test whether 
or not spraying really is the superior project. As shown in Table 6, 
calculation of PNW values for both projects reveals that spraying 
yields only $209 while stockwater development produces $324. 
Thus the choice of the spraying project by B/C and (and IRR) is 
incorrect. Since investment in either project precludes investment 
in the other, the stockwater project is clearly superior. 

It is worth mentioning that even if the range improvement 
budget were unlimited, only $26,800 could be efficiently utilized. 
Since the stated goal is to maximize net return from the total 
available budget, the seeding project in this example is clearly 
economically infeasible as measured by all three investment crite- 
ria and should not be implemented regardless of the amount of 
captial available. 

Now suppose $3,400 in capital were available. Given this budget 
constraint, the B/C (and IRR) rankings select the spraying and 
stockwater projects, a combination that exactly exhausts the avail- 
able capital. In this case PNW side calculations for the two project 
combinations made possible by the available budget verify that 
spraying and stockwater development represent the optimum 

From the examples above, it is apparent that when selecting an 
optimum investment combination from several possible projects, 
rankings by B/C (or IRR) are good first approximations and 
indispensable aids when confronted with long lists of potential 
projects. However, rankings by either of these criteria can be 
wrong (as evidenced by the $2,400 budget constraint case above) 
and such rankings must be checked by PNW side calculations. 
Since the B/C criterion makes correct selections when expected 
project lives are non-uniform, B/C, rather than IRR, is recom- 
mended for use as a “first approximation” ranking device for 
numerous range improvment projects. 

Selecting an Optimum Combination of Projects-a Summary 
When the management goal is to maximize net return from total 

available capital, the recommended procedure for selecting an 
optimum combination of projects from numerous potential invest- 
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ments is as follows: (I) Rank the projects in descending order of 
their B/C values. (2) Choose best projects first until the available 
capital is exhausted. (3) Perform PNW side calculations on the last 
two or three (or more) projects, as necessary, to verify the accuracy 
of the selected project combination. 
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