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A Guide for Evaluating 
Additional Fencing and Water Development 

Kent Williams and John Lacey 

Range improvements are special treatments, develop- 
ments and structures used to improve forage resources or 
to facilitate their use by grazing animals. Improvements 
such as stockwater developments and fences provide the 
means for more effective management of grazing and thus 
indirect improvement of the range resource. 

Range improvements should be evaluated in relation to a 
rancher's goals. Long-term or "strategic" goals are a critical 
part of ranch plans. Goals establish priority for the alloca- 
tion of limited resources such as time, money, forage, ani- 
mals and personnel. A rancher's strategic goals may 
include maintaining ownership for inheritance, or achieving 
a specified standard of living. To achieve these goals, spe- 
cific objectives must be identified, set, and met. To achieve 
each objective, a rancher selects different tactical solutions. 
Range improvements are best regarded as a tactical solu- 
tion that facilitates the achievement of an objective. For 
example, to maintain ownership of the ranch (a strategic 
goal), a rancher's objective might be to improve the prof- 
itability of the range livestock operation. Developing addi- 
tional water facilities or building fence to improve livestock 
distribution and forage use are potential solutions that 
should be compared to other solutions. 

This paper provides a guide or framework for evaluating 
the economic feasibility of fencing and water developments. 

Steps in the Decision-Making Process 
Monthly forage requirements of livestock and the average 

monthly forage supply should be analyzed before evaluat- 
ing additional fencing and water developments. An 
improvement that solves a specific forage shortage is more 
advantageous than one that provides additional forage in a 
season when it is not needed. In this guide a method of 
economically evaluating additional fencing and water devel- 
opments is illustrated. Rangeland productivity and forage 
use are also considered. Additional forage that can be har- 
vested as a result of the improvement is valued on an AUM 
basis. Finally, standard net present value (NPV) proce- 
dures are used to analyze economic feasibility. 

Evaluating Range Productivity 
Range management planning requires a thorough under- 

standing of all range, pasture, and other forage resources. 
By using a soil map, or an aerial photograph the range 
resource can be evaluated in terms of current and potential 
productivity. 

Authors are a Phillips County Extension Agent and Extension Range 
Management Specialist, respectively, Montana State University, Bozeman. 

Range Sites 
Potential productivity is determined by range sites or dif- 

ferent kinds of rangeland. Sites are often grouped accord- 
ing to availability of soil moisture (Fig. 1). Vegetation on 
"Normal" range sites is largely influenced by climate and is 
not seriously affected by soil factors that either limit or 
enhance soil moisture conditions. "Normal" sites include the 
sandy, silty and clayey range sites. 

Coulees and bottomlands are designated as "run-in" sites 
because, in comparison to "normal" sites, additional soil 
moisture is available for vegetation growth. Overflow and 
sub-irrigated sites are included in the "run-in" group. 

"Run-off" sites have topographic features or characteris- 
tics that limit soil moisture availability. Less vegetation is 

produced on shallow, very shallow, thin hilly, dense clay 
and badland sites than on "normal" sites. 

The first phase of an inventory requires mapping the sites 
on a topographic map or an aerial photograph (Fig. 2). The 
number of acres of each major group (normal, run-in, and 
run-off) needs to be estimated. 

Range Condition 
Range condition or range health is the present state of 

the vegetation compared with the kind and amount of 
native vegetation the range site is capable of producing. 
Although a complete range condition analysis is valuable 
for ranch planning, range condition can be estimated by the 
simplified procedure described below. 

In Montana, most normal sites are in "good" condition if 
the desirable native grasses (western wheatgrass, blue- 
bunch wheatgrass, green needlegrass, needleandthread, 
thickspike wheatgrass, and prairie sandreed grass) con- 
tribute more than 50 percent of the total yield, and there is 
no sign of accelerated erosion. A site would be in fair-poor 
condition if blue grama, woody plants, clubmoss and total 
forbs contributed more than 50 percent of the total yield 
and there were signs of soil erosion. 

Initial suggested stocking rates, or current productivity for 
the three groups of Montana range sites in "good" or "fair" 
condition are summarized in Table 1. These rates are con- 
solidated from recommended stocking rate guides provided 
by the Soil Conservation Service. Potential production is 

higher on run-in, than on normal or run-off sites. Within a 
group of sites, current production is higher on good, rather 
than fair condition range. The suggested stocking rates 
should facilitate long term range improvement. 

Evaluation of Forage Use 
Forage use is the percent of current year's forage produc- 
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tion that is consumed or destroyed by grazing animals. It 
may refer to a specific grass, shrub or to the vegetation 
community. 

Utilization should not be confused with range condition or 
health. Condition is judged by comparing the kind and 
amount of plant species present to the vegetation that the 
range is capable of producing. While condition does not 
affect utilization, utilization, over time, does influence condi- 
tion. Excessive utilization reduces a plant's ability to com- 
plete its life cycle, and eventually the desirable forage 
plants are replaced by less desirable species. 

The amount of grazing that plants can tolerate varies with 
the type of plant, plant vigor, soil fertility and season. 
Duration, intensity, frequency and pattern of grazing also 
influence a plant's tolerance to defoliation. The desired 
level of use varies with associated grasses, shrubs, topog- 
raphy, range condition, and watershed or wildlife manage- 
ment objectives. 

Utilization is separated into five classes (Table 2). The 
degree of use that a plant can tolerate is affected by sea- 
son of grazing and the frequency of leaf removal. Most 
plants in the Northern Great Plains maintain vigor if no 

Table 1. Suggested initial stocking rates for Montana native range that is in good conditlon*. 

Group of 
Sites Precipitation 

10-14 Inches 
AUM/Ac Ac/AUM 

15-19 Inches 
AUM/Ac Ac/AUM 

Run-in .82 1.2 .90 1.1 
Normal .3 3.3 .45 2.2 
Run-off .17 5.9 .29 3.4 

For a range in fair condition, where most of vegetation consists of less-desir- 
able plants, initial suggested stocking rates would be about one-third less. 

*For use in other areas, a similar table would have to be developed from 
appropriate stocking rate guides. 

more than 30 percent-50 percent of their growth is removed 
during the growing season. Although a higher degree of 
use may be tolerated during winter, sufficient litter and 
stubble must be left to reduce evaporation, protect growth 
buds, catch snow, protect plant crowns from freezing, and 
retard soil erosion. Range condition will usually improve or 
be maintained under a moderate degree of grazing. 

Mapping Use Zones 
Livestock distribution and utilization normally varies within 

a pasture. Some areas are used more than others. 
Mapping the areas of a pasture that have either been 
grazed at a severe, heavy, moderate, light, or no use level 
is useful. This information is needed to make decisions 
about improving grazing management. 

Table 2. Guide to degree of range use for Northern Plains grass- 
lands in good or excellent condition. 

Use Class Degree of Use Description 
None 0% No grazing use. 

Light 1-30% Only best forage plants are 
grazed. 

Moderate 31-60 31-60% of the most desirable 
forage plants are grazed. 
There is little use on less de- 
sirable forage plants. 

Heavy 61-80% Desirable forage plants are 
almost completely used. 
There is some use on unde- 
sirable forage plants. 

Severe More than 81% Desirable forage plants are 
weak or absent from repeated 
cropping. Undesirable forage 
plants have also been 
grazed. 

Fig. 1. Range sites as they typically occur on the landscape. The subirrigated and overflow area are run-in" sites. The clayey, silty and sandy areas are "normal" sites. The shallow, thin hilly and claypan areas are "run-off' sites. 
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Use zones can be drawn onto aerial photos or maps. 
Aerial photos can be obtained from local Agricultural 
Stabilization and Conservation Service (ASCS) or SCS 
offices. The procedure is easiest if range sites, fences, 
water facilities and roads have been previously delineated. 

A typical grazing use pattern is shown in Figure 3. The 
pasture contains 3,000 acres of "normal" range sites, in 
"good" range condition, in the 10-14 inch precipitation zone. 
Our utilization map shows 500 acres of heavy use, 1,000 
acres of moderate use, 1,000 acres of light use, and no use 
on 500 acres. Table 1 suggests a stocking rate of .3 AUM 
per acre for the pasture (normal site, good condition). 
Stocking records indicate that the pasture has been grazed 
by 300 animal units for 2 months (2 months x 300 AU = 600 
AUM5). By analyzing the grazing use map and by using 
Table 3, the potential increase in AUMs that would be avail- 

Table 3. Recommended adjustments in stocking due to utilization 
mapping. 

Level of Use Recommended Change (%) In 
Normal Stocking (Table 1) 

able by improving grazing management was estimated. A 
moderate level of use, across the entire pasture, is possible 
by adding 1-1/2 miles of pipeline and a tank. This results in 
270 additional AUM's (500 acres no use x .3 initial stocking 
rate = 150 AUM's, 1,000 acres light use x .3 initial stocking 
rate x .5 increase = 150 AUM's, 500 acres heavy use x .3 
initial stocking rate x -.2 decrease = 30 AUM's). 

Net Present Value Analysis 
The direct value of the additional available forage (270 

AUMs) must either be valued in terms of its direct market 
value or its potential contribution to livestock production. 
Because the evaluation of the additional AUMs in terms of 
livestock production considers the change in forage supply 
in terms of yearlong carrying capacity and ranch income, 
the direct market value is usually used. For example, if a 
rancher is currently leasing private range and can avoid 
future lease fees, or if the rancher has the opportunity to 
lease forage produced by range improvements to neighbor- 
ing stockmen, the additional forage from the improvement 
can be valued at the current average private lease rate. In 
this example, a lease rate of $12/AUM was used to evalu- 
ate the water development. 

Water developments were economically analyzed by 
comparing the implementation and annual maintenance 
costs to the annual flow of money resulting from the 
improvement. Benefits of the improvement were compared 
to the initial investment by bringing (or discounting) the 
value of the "expected" future flow of income back to the 

Fig. 3. "Use" map of a 3,000-acre pasture showing utilization patterns. 
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Fig. 2. Each range site produces a different king and/or amount of 
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in the "run-off," noal," and "run-in" groups of range sites, respec- 
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Table 4. Multiplier factor for calculating net present value at specified interest rates and years. 

Years 
Speculati ye Interest Rates 

3% 4% 5% 6% 7% 8% 9% 10% 11% 12% 13% 14% 
1 

2 
3 
4 
5 

0.971 
1.913 
2.829 
3.717 
4.580 

0.961 
1.886 
2.775 
3.630 
4.452 

0.952 
1.859 
2.723 
3.546 
4.329 

0.943 
1.833 
2.673 
3.465 
4.212 

0.935 
1.808 
2.624 
3.387 
4.100 

0.926 
1.783 
2.577 
3.312 
3.993 

0.917 
1.759 
2.531 
3.240 
3.890 

0.909 
1.736 
2.487 
3.170 
3.791 

0.901 
1.713 
2.444 
3.102 
3.696 

0.893 
1.690 
2.402 
3.037 
3.605 

0.885 
1.668 
2.361 
2.974 
3.517 

0.877 
1.647 
2.322 
2.914 
3.433 

6 
7 
8 
9 

10 

5.417 
6.230 
7.020 
7.786 
8.530 

5.242 
6.002 
6.733 
7.435 
8.111 

5.076 
5.786 
6.463 
7.108 
7.722 

4.917 
5.582 
6.210 
6.802 
7.360 

4.766 
5.389 
5.971 
6.515 
7.024 

4.623 
5.206 
5.747 
6.247 
6.710 

4.486 
5.033 
5.535 
5.995 
6.418 

4.355 
4.868 
5.335 
5.759 
6.145 

4.231 
4.712 
5.146 
5.537 
5.889 

4.111 
4.564 
4.968 
5.328 
5.650 

3.998 
4.423 
4.799 
5.132 
5.426 

3.889 
4.288 
4.639 
4.946 
5.216 

11 
12 
13 
14 
15 

9.253 
9.954 

10.635 
11.296 
11.938 

8.760 
9.385 
9.986 

10.563 
11.118 

8.306 
8.863 
9.394 
9.899 

10.380 

7.887 
8.384 
8.853 
9.295 
9.712 

7.499 
7.943 
8.358 
8.745 
9.108 

7.139 
7.536 
7.904 
8.244 
8.559 

6.805 
7.161 
7.487 
7.786 
8.061 

6.495 
6.814 
7.103 
7.367 
7.606 

6.206 
6.492 
6.750 
6.982 
7.191 

5.938 
6.194 
6.424 
6.28 
6.811 

5.687 
5.918 
6.122 
6.302 
6.462 

5.453 
5.660 
5.842 
6.002 
6.142 

16 
17 
18 
19 
20 

12.561 
13.166 
13.753 
14.324 
14.877 

11.652 
12.166 
12.659 
13.134 
13.590 

10.838 
11.274 
11.690 
12.085 
12.462 

10.106 
10.477 
10.828 
11.158 
11.470 

9.447 
9.763 

10.059 
10.356 
10.594 

8.851 
9.122 
9.372 
9.604 
9.818 

8.313 
8.544 
8.756 
8.950 
9.128 

7.824 
8.022 
8.201 
8.365 
8.514 

7.379 
7.549 
7.702 
7.839 
7.963 

6.974 
7.120 
7.250 
7.366 
7.469 

6.604 
6.729 
6.840 
6.938 
7.025 

6.265 
6.373 
6.467 
6.550 
6.623 

21 
22 
23 
24 
25 

15.415 
15.937 
16.444 
16.935 
17.413 

14.029 
14.451 
14.857 
15.247 
15.622 

12.821 
13.163 
13.489 
13.799 
14.094 

11.764 
12.042 
12.303 
12.550 
12.783 

10.835 
11.061 
11.272 
11.469 
11.654 

10.017 
10.201 
10.371 
10.529 
10.675 

9.292 
9.442 
9.580 
9.707 
9.823 

8.649 
8.772 
8.883 
8.985 
9.077 

8.075 
8.176 
8.266 
8.348 
8.422 

7.562 
7.645 
7.718 
7.784 
7.843 

7.102 
7.170 
7.230 
7.283 
7.330 

6.687 
6.743 
6.792 
6.835 
6.873 

present. The formula for discounting flows is: 

V0 = R F1-(1+i)fl] 

where V0 is the present value of a future flow, R is the net 
annual return received or net annual cost paid out, i is the 
interest rate, and n is the number of years that V0 is 
received or dispersed. In our example, the feasibility of the 
investment was determined using a real interest rate of 5%. 
The real rate of interest reflects the long-term real rate of 
return on agricultural investments, and is calculated by sub- 
tracting the annual rate of inflation (over the life of the 
improvement) from the expected nominal interest rate. For 
example, a 4% rate of inflation subtracted from an "expect- 
ed" 9% rate of interest yields 5%. 

Because the discounting formula is difficult to use, it is 
recommended that a discounting table be used (Table 4). It 
includes multipliers for projects that last from 1 to 25 years, 
and discount rates from 3 to 14%. For example, at a 5% 
discount rate, and a 15-year life, the value 10.380 is the 
equivalent of 

[1 -(1 +i)'J 

and can be substituted directly into the formula. 
In our example, developing water increased the grazing 

capacity by 270 AUMs, which were valued at $3,240. The 
initial cost of $12,526 included pipeline ($10,276) and stock 
tank ($2,250) but did not include any fencing materials. 
Actual costs for improvements can be obtained from local 

contractors, Soil Conservation Service, or County 
Extension Offices. Because of the annual maintenance cost 
of $500 (assumed to be 4% of the initial cost), the net 
annual return or "R" was $2,740. By multiplying $2,740 by 
10.380 (multiplier from Table 4), V0 was calculated ($2,740 
x 10.380 = $28,441). 

Present net worth is calculated by subtracting the initial 
cost ($12,526) from V0 ($28,441). Thus, NPV = $15,915. 
Since the NPV is positive, the water development is eco- 
nomically feasible provided that the best alternative use of 
the funds does not promise a higher return. In contrast, a 
negative NPV would have indicated that the improvement 
was not feasible. 

The feasibility of the improvement was also evaluated 
using a LOTUS Spreadsheet. The spreadsheet is available 
through the Phillips County Extension Office, Malta, MT. To 
use the spreadsheet, six input variables are entered: 1) 
Forage (AUM5) without improvement, 2) forage (AUM5) 
with improvement, 3) total cost of implementing the 
improvement, 4) discount factor, 5) value of an AUM, and 
6) the annual cost of maintenance. 

Output on the spreadsheet includes numerical listing of 
years, the return from grazing the pasture prior to additional 
range improvements, annual income after improvements, 
the change in annual income, the discount factor, and the 
NPV (Table 5). The net present value of water development 
in our example, assuming a 15-year life, was $15,914. The 
program can easily calculate NPV for an expected project 
life of either 10 or 20 years. Because the implementation 
costs in our example did not change with the expected life 



of the project, our water development is more feasible if the 
benefits are accrued over a 20-year rather than a 10-year 
period. 

Our spreadsheet can be used for fencing, water develop- 
ment, or other improvements that result in a constant flow 
of annual returns over the life of the project. It is inappropri- 
ate to use our spreadsheet to evaluate mechanical treat- 
ments, herbicide treatments, or similar projects where 
increased forage production is expected to be highest fol- 
lowing control, and then decrease over the life of the pro- 
ject. Net present value analysis can still be used to evalu- 
ate these projects, but the annual returns must change 
each year. 

Conclusion 

The economic feasibility of range improvements should 
be evaluated in context of the total ranch operation. 
Economic returns are generally more feasible if range 
improvements supply forage or improve harvest efficiency 
during a critical period, if improvements are implemented 
on productive land, when money can be borrowed at low 
interest rates, and when the value of forage is high. 
Additional water developments and fencing can be evaluat- 
ed by estimating the forage increase (biological response) 
and then using net present value to analyze economic fea- 
sibility. 
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Table 5. Input variables required to use the LOTUS spreadsheet and output data from analysis of water development In the 3,000 acre- 
pasture*. 

Input Variables: 
Forage (AUMs) without improvement = 600 
Forage (AUMs) with improvement = 870 
Total cost of implementing improvement = 12,526 
Discount factor 0.05 
Value of AUMs= 12 
Annual maintenance Cost 500 

Output Data: 

Year 
Without With Added Discount Discounted 

Improvement Improvement Value Factor NPV 

Treatment 0 -12526 -12526 1.00 -12526.00 
1 7200 9940 2740 0.95 2609.52 
2 7200 9940 2740 0.91 2485.26 
3 7200 9940 2740 0.86 2366.92 
4 7200 9940 2740 0.82 2254.20 
5 7200 9940 2740 0.78 2146.86 
6 7200 9940 2740 0.75 20.44.63 
7 7200 9940 2740 0.71 1947.27 
8 7200 9940 2740 0.68 1854.54 
9 7200 9940 2740 0.64 1766.23 
10 7200 9940 2740 0.61 1682.12 

NPV if treatment life is 10 years 8631.55 
11 7200 9940 2740 0.58 1602.02 
12 7200 9940 2740 0.56 1525.73 
13 7200 9940 2740 0.53 1453.08 
14 7200 9940 2740 0.51 1383.89 
15 7200 9940 2740 0.48 1317.99 

NPV if treatment life is 15 years 15914.26 
16 7200 9940 2740 0.46 1255.23 
17 7200 9940 2740 0.44 1195.45 
18 7200 9940 2740 0.42 1138.53 
19 . 7200 9940 2740 0.40 1084.31 
20 7200 9940 2740 0.38 1032.68 

NPV if treatment life is 20 years 21620.46 
NPV is net present value. This LOTUS spreadsheet is available through the Phillips County Extension Office, Malta. MT. 


