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FOREVIARD 

A study entitled "A M ethod of Estimating the Opportunity 

Cost of Maintaining Hetlands in Western Canada" was conducted 

by Agri-Management Associates in the fall of 1968. One of the 

recommendations of this study was that a sensitivity analysis of 

the model to changes in prices and resources be conducted. This 

analysis would in effect show the factors of importance when 

estimating the opportunity cost s of maintaining wetlands. It 

would also show the degree t o  which these factors affect the 

payment schedule for inducing farmers to leave wet areas of their 

farms as wetland. 

As a result of the above mentioned recommendation, Prairie 

Agri-Management Consultants Limited have agreed to conduct a 

sensitivity ana·lysis of the mathematical model. 

In order to make the study more effective and efficient the 

staged approach has been used. Briefly the three proposed stages 

are as follows: 

Stage I - To conduct a general sensitivity analysis of 

the model to changes in all prices and all 

resources to determine which prices and 

resources are significant. 

Stage II - To conduct a sensitivity analysis of 

particular prices and resources found to 

be of significance in Stage I.  
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Stage III - To build an additional block to the 

mathematical model which will allow the 

inclusion of a wildlife productivity 

rating on wetlands and to test the 

sensitivity of the model to changes in 

the productivity rating. 

The following is a report of the findings of Stage I of the 

study. 
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I INTRODUCTION AND OBJECTIVES 

The purpose of this study was to provide information for the 

effective application of the linear programming model for 

estimating the opportunity cost of maintaining wetlands in Western 

Canada. The type of information required is defined in the 

following three objectives. 

The first objective was to make additions to the linear 

1 programming model used in the previous study which will allow 

for variation in the agricultural production of drained native 

wetland. The second objective was to conduct a general sensitivity 

analysis of the model to changes in prices. The third objective 

was to conduct a general sensitivity analysis of the model to changes 

in resources. It was anticipated that the sensitivity analysis 

would give a measure of the stability of the model as well as point 

out the particular factors which have a significant effect on the 

opportunity cost of maintaining wetlands. 

1 In the previous study it was stated that a farm cannot have 

both hogs and dairy cattle at the same time. This meant that the 

linear programming model had to be s�lved twice; once with dairy 

and without hogs and again with hogs and without dairy. Since 

1 " A  Method of Estimating the Opportunity Cost of Maintaining 
Wetlands in Western Canada", A report on a pilot study using 
base data from the county of Lamont, prepared by Agri­
Management Associates, December 1968. 
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solving the program twice would serve no purpose, both hogs and 

dairy were included in the program. The dairy herd had a maximum 

of 5 0  as in the previous study. The effect was that both dairy 

and hogs did enter the solution but the solution is the most 

profitable one even though it is hypothetical. 
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II ADDITIONS TO THE MATHEMATICAL MODEL 

In the original model it was assumed that all wetland in 

cultivated areas that was drained could be used as cultivated 

land ana have the same production level as the surrounding 

cultivated land. All wetland in native land areas which was 

drained was assumed to be useful only as native land for native 

hay and native pasture. The model was revised to allow drained 

wetland in native areas to be used as low production native 

land, high production native land or as cultivated land. The 

drained land allocated to these particular categories is 

proportioned by percentages. The proportions for high and low 

production native land may be used for the production of pasture 

and hay only, while the proportion for cultivated land may be 

used for the growing of any crops normally grown on cultivated land.· 

The portion of the matrix which was revised is shown in Figure 

1. The coefficients shown in Figure 1 are defined in Table 1. 

The revised values for AAl, AA2, and AA3 are estimates only. 

Data is not available for these coefficients so that the values 

should be calculated for individual case studies. Also the value 

for Y6A was estimated to be two because generally speaking low 

lying land will produce more because of better moisture conditions 

than will ordinary native land. 
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TABLE l. COEFFICIENT DEFINITIONS AND VALUES FOR THE REVISED MATRIX 

Coefficient Description Unit Standard Column Row Revised 
Value Name Name Value 

AAl Fraction of drained native 
wetland for low production. Dec. -1.0 DRANNATA NAT LAND -0.6 

AA2 Fraction of drpined native 
wetland for high production. 

(grass. hay and pasture) Dec. -0.0 DRANNATA NATLANDH -0.3 

AA3 Fraction of drained native 
wetland for cultivated 
land uses. Dec. -0.0 DRANNATA CULTLAND -0.1 f-' f-' 

Y5 Low production yield of Ton/ 
native hay. Acre o.o NHAYA GRASSHAY 0.2 

YSA High production yield of Ton/ 
native hay. Acre 0.0 NHAYAHP GRAS SHAY 0 •. 6' 

Y6 Summer pasture from low 
production native wetland 
(native pasture · Acres/ 

equivalent acres) Acre o.o NWETLNDA PASTURE 0.5 

Y6A Summer pasture form high 
production native wetland 
(native pasture Acres/ 
equi va.lent acres) Acre 0.0 NPASTAHP PASTURE 2.0 
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III SENSITIVITY OF THE MODEL TO CHANGES IN RESOURCES 

1. Procedures (for resource variations) 

The original mathematical model with the additions 

described in Section II of this report was used for all of the 

analyses for this section. Two computer runs were made. In the 

first run all of the resources (specified in the right hand side 

of the matrix) were varied in 10% increments from -20% of the 

original to +50% of the original. At each 10% increase 

instructions were given to print the solution. The same procedure 

was followed in the second run except that only the capital 

resources (of the right hand side) were varied. 

2. Changes in the Solution (for resource variations) 

The results of the first computer run (varying all 

of the resources in the right hand side) revealed that no change 

would occur in the selection of activities which were in the solution 

when the right hand side was varied from 20% less than the original 

right hand side to an infinitely greater right hand side. For the 

s econd run (where only the capital resources of the right hand side 

were varied) the solutions are shown in Table 2. From the table it may 

be noted that.the amount of land in the solution for cultivated land 

uses and native land uses remained constant as the availability of 

capital increased. The amount of cultivated wetland which was 

drained was at the maximum allowable in the program (80%) while 



TABLE 2. SOLUTIONS FOR VARIATIONS IN THE AVAILABILITY OF CAPITAL 

ORIGINAL CAPITAL RESOURCES 
ACTIVITY UNIT -20% -10% ±Q% +10% +20% +30% +40% +50% 

Gross Margin ( $ )  26792 28632 30317 31868 33399 34929 36460 37984 

Cultivated Land (ac) 550 550 550 550 550 550 550 550 
- Grain " 173 186 172 181 201 221 241 275 
- Grass " 239 226 239 230 211 191 171 138 
- Fallow " 137 137 137 137 137 137 137 137 
- Wetland " 3.3 3. 3 3. 3 3.3 3. 3 3.3 3.3 3. 3 
- Drained Land " 11. 7 11.7 11.7 11.7 11.7 11.7 11. 7 11.7 

Native Land " 68 68 68 68 68 68 68 68 
Hay - High Product. " 1. 3 1.3 1.3 1.3 1.3 1.3 1. 3 1. 3 

- Hay - Low Product. " 34 34 34 34 34 34 34 34 
- Pasture - Low Prod. " 34 34 34 34 34 34 34 34 1-' - Wetland " 1. 1 1.1 1.1 1.1 1.1 1.1 1. 1 1.1 w 
- Drained Land " 4.5 4. 5 4.5 4.5 4. 5 4.5 4.5 4.5 

Land Purchased " 160 160 160 160 160 160 160 160 

Cultivated Land Rented " 160 160 160 160 160 160 160 160 

Crops - Wheat " 86 93 86 91 101 110 120 137 
- Barley " 52 42 51 46 32 18 4 0 
- Flax " 17 19 17 18 20 22 24 26 
- Rapeseed " 17 19 17 18 20 22 24 27 
- Legume Hay " 223 205 222 214 192 171 150 114 

- Oat Hay " 0 0 0 9 28 48 68 115 

- Barley Hay " 0 13 0 0 0 0 0 84 
- Legume Silage " 17 21 17 17 19 20 22 23 



TABLE 2. (Continued) 

ACTIVITY UNIT -20% -10% 

Feeds Purchased 
- Oats (bu) 0 294 
- Grass Hay (ton) 235 211 

Livestock 
- Sow Units (no) 0 23 
- Weaner Pigs Sold If 0 320 
- Market Pigs Sold If 0 47 

Dairy Cow Herd If 5 0  5 0  

ORIGINAL CAPITAL RESOURCES 
±0% +10% +20% +30% 

598 1563 2906 4249 
235 214 166 119 

48 72 96 120 
749 1152 1536 1920 

14 0 0 0 
5 0  5 0  50 5 0  

+40% 

5592 
72 

144 
2304 

0 
50 

+50% 

6659 
33 

168 
2688 

0 
5 0  

I-' +=" 
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Capital resources increased through the specified range. 

Drained native wetland also remained at the maximum 

allowable level (80%) as capital increased. Although the 

total amount of cultivated land used remained constant as 

capital increased, the allocation of the land between 

grain uses and grass uses varied depending upon which was 

more profitable at the various levels of available capital. 

The dairy herd remained at its limit indicating that it is 

the most profitable animal enterprise. The second most 

Profitable animal enterprise is the hog enterprise which 

increased with increasing capital resources. 

3. Opportunity Costs of Maintaining Wetlands 
(for resource variations) 

The opportunity costs of maintaining wetlands for 

run one (where all resources were varied) did not change as 

resources increased. (See Table 3 and Figure 2). The 

opportunity costs of maintaining wetlands for run two 

varied only slightly and are shown in Table 4 and Figure 3. 
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TABLE 3. OPPORTUNITY COST FOR VARIATIONS IN ALL RESOURCES 

WETLAND 
Not 

OPPORTUNITY COST* AT PERCENTAGE 
OF ORIGINAL LEVEL OF ALL RESOURCES 

Drained Drained 
(Acres) (Acres) -20 

Cultivated 
Areas 11. 7�':1: 3. 34�'d: 15.30 

Native 
Areas 4. 48�d: 1. 12�·:�: 0.79 

-i: Cost to farmer if wetland not drained. 

Original 
0 

15.30 

0.79 

+20 

15.30 

0.79 

+50 

15.30 

0.79 

** Th�se values are for the original resource level and changed in the 
same proportion as the change in land resources. 

TABLE 4. OPPORTUNITY COST FOR VARIATIONS IN CAPITAL RESOURCES 

WETLAND OPPORTUNITY COST* AT PERCENTAGE 
Not OF ORIGINAL LEVEL OF CAPITAL 

Drained Drained 
(Acres) (Acres) - 20 

Cultivated 
Areas 11. 7 3.34 15. 33 

Native 
Areas 4. 48 1.12 0. 71 

* Cost to farmer if wetland not drained. 

Original 
0 +20 

15. 30 15. 20 

0.79 0. 98 

RESOURCES 

+50 

15.28 

1. 01 
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4 .  Conclusions and Discussion (for resource variations) 

It is evident from the foregoing analysis that the 

model is fairly stable when resources are varied. In other words, 

the scale of farming has no bearing on the opportunity cost of 

maintaining wetlands. This conclusion is reasonable when one 

considers that the farming operation represented by this 

mathematical model is assumed to be operating at the optimum 

and therefore, whether the farmer is operating with a very limited 

amount of resources or a lot of resources, the value of the land 

to him on a per acre basis remains constant. In reality the operator 

of a large farm may be operating more efficiently than the operator 

of a very small farm. Therefore, managerial ability whould be taken 

into consideration when dealing with any individual case study. 

The availability of capital when the amount of land remains 

constant has little effect on the value of the land to that farmer. 
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IV SENSITIVITY OF MODEL TO CHANGES IN PRICES 

1. Procedures (for price variations) 

The original model with the additions specified in 

Section I of this report was used for this analysis. Resources 

were left at the original level but prices were varied from -20% 

of the original values to +50% of the original values in 10% 

increments. Both the cost of inputs to the farming operation 

as well as the prices of produce sold were varied in the first 

run. In the second run the costs of primary inputs were left 

constant at their original levels while the prices of produce 

purchased and sold were varied from the -20% level to the +50% 

level in 10% increments. (Clearly the purchase price of a 

commodity such as cows must be equal to or greater than the selling 

price of the same commodity. Otherwise, there would be a profit 

in just buying and selling cows and this would defeat the purpose 

of the mathematical program. For this reason both the purchase prices 

and the selling prices of produce were increased.) 

2. Changes in the solutions (for price variations )  

The results of the first run (where all prices were 

varied) showed that the solution would not change when all prices 

were increased. The selection of enterprises and units of these 

enterprises did not change when the prices of all goods bought and 

sold were varied from -20% of the original prices to prices infinitely 



TABLE 5. SOLUTIONS FOR VARIATIONS IN THE SELLING PRICES OF FARM PRODUCE 

ORIGINAL PRICES OF GOODS SOLD 

ACTIVI TY UNIT -20% -10% ±0% +10% +20% +30% +40% +50% 

Gross Margin $ 22246 26278 30317 34432 38707 43021 47422 51939 

Cultivated Land (ac) 550 550 550 550 550 550 550 550 
- Grain It 173 173 173 339 357 354 332 357 
- Grass It 239 239 239 74 55 58 81 55 
- Fallow It 137 137 137 137 137 137 137 137 
- Wetland It 3.3 3.3 3. 3 3.3 3.3 3.3 3.3 3.3 

Drained Land It 11.7 11. 7 11.7 11.7 11.7 11. 7 11.7 11. 7 

Native Land It 66 68 68 68 68 68 68 68 
- Hay - High Product. " 0 1. 3 1.3 1.3 1.3 1.3 1.3 1. 3 
- Hay - Low Product. It 33 34 34 34 34 34 34 34 
- Pasture - Low Prod. It 33 34 34 34 34 34 34 34 

Wetland It 5.6 1.1 1.1 1.1 1.1 1.1 1. 1 1. 1 N 
- Drained Land It 0 4.5 4. 5 4.5 4. 5 4.5 4. 5 4.5 

0 

Land Purchased It 160 160 160 160 160 160 160 160 

Cultivated Land Rented It 160 160 160 160 160 160 160 160 

Crops - Spring Wheat It 86 86 86 169 179 177 166 179 
- Barley It 52 52 52 80 89 91 34 29 
- Flax It 17 17 17 34 10 0 0 0 
- Rapeseed It 17 17 17 34 36 35 33 36 
- Legume Hay It 223 223 223 55 35 37 57 27 
- Oat Hay It 0 0 0 22 44 50 98 50 

Legume Silage It 17 17 17 18 20 20 24 27 
Grain Silage It 0 0 0 0 0 0 0 64 



TABLE 5. (Continued) 

ACTIVITY UNIT -20% -10% 

Feeds Purchased 
- Oats (bu) 442 441 
- Grass Hay (ton) 235 235 

Livestock 
- Sow Units (no) 48 48 
- Weaner Pigs Sold " 768 768 

Market Pigs Sold " 0 0 
Dairy Cow Herd It 50 50 

ORIGINAL PRICES OF GOODS SOLD 

±0% +10% +20% +30% 

598 402 709 801 
235 182 129 114 

48 46 45 45 
750 680 612 592 

14 64 112 127 
50 50 50 5 0  

+40% 

0 
0 

40 
306 
334 

50 

+50% 

0 
0 

40 
312 
330 

50 

IV f--' 



- 22 -

greater. The gross margin increased in the same proportion as the 

price level increase. In other words, a 10% increase in the price 

level resulted in a 10% increase in the gross margin. 

In the second run (where only the prices of produce bought 

and sold were varied) the solution did change. The solutions for 

price levels from -20% of the original to +50% of the original in 

10% increments are shown in Table 5. Note that throughout the 

variation in prices, the amount of land in cultivated land use and 

native land use remained constant. However, there was a shift in 

the allocation of cultivated land between grain uses and grass uses 

as the level of prices increased. The dairy herd remained at the 

maximum of 50. There was a shift from raising weaner pigs to sell 

as weaner pigs, to keeping some of the weaner pigs for market hogs 

as the level of prices increased. As in the previous study dairy 

cattle are the most profitable animal enterprise, followed by hogs. 

No beef cattle entered any of the solutions. Generally for a 10% 

increase in selling prices, there was approximately a 14% increase 

in the gross margin. 

3. The Opportunity Costs of Maintaining Wetlands 
(for price variations) 

The opportunity cost of maintaining wetlands in cultivated 

areas for run 1 (all prices were varied) increased by $1.53 per 

acre for a 10% increase in the price level. For native areas 

the figure was $0.08. ( See table 6 and figure 4 ). 
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TABLE 6. OPPORTUNITY COST FOR VARIATIONS IN ALL FARM PRICES 

WETLAND OPPORTUNITY COST�': AT PERCENTAGE 
Not OF ALL FARM PRICES 

Drained Drained Original 
(Acres) (Acres) -20 0 +20 +50 

Cultivated 
Areas 11.70 3.34 12.25 15.30 18.37 22.96 

Native 
Areas 4.48 1.12 0.64 

* Cost to farmer if wetland not drained. 

0.79 0.95 

TABLE 7. OPPORTUNITY COST FOR VARIATIONS IN THE SELLING PRICES OF 
FARM PRODUCE 

1.19 

WETLAND OPPORTUNITY COST* AT PERCENTAGE 
Not OF THE SELLING PRICES OF FARM PRODUCE 

Drained Drained 
(Acres) (Acres) -20 

Cultivated 
Areas 11.70 3.3 4 10.36 

Native 0 5.60 0. 3 8�'d: 
Areas 4.48 1.12 

�·: Cost to farmer if wetland not drained. 

Original 
0 +20 

15.30 20.61 

0.79 2.37 

** This case only - cost to farmer if wetland is drained. 

+50 

28.90 

4.63 
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For run 2 (where only selling prices were varied) the increase in 

the opportunity cost of maintaining wetlands per 10% increase in 

selling prices was $2.72 per acre in cultivated areas and $0.55 

per acre in native areas. ( see table 7 and figure 5 ). Also 

it became unprofitable to drain native wetland when selling 

prices were decreased from their original level. The opportunity 

cost changes in run 2 are higher than in run 1 because costs 

remained constant in the second run, resulting in a larger profit 

margin. 

4. Conclusions and Discussion (for price variations) 

The opportunity cost of maintaining wetlands increases 

as prices increase. As the margin or profit on farm enterprises 

increases, the opportunity cost of maintaining wetlands also 

increases, and at a faster rate than when all prices increasec. It 

was usually profitable to drain as much wet area as possible. 

However, it did become unprofitable to drain native wetland when 

the profit margin declined. 
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V RESUME OF CONCLUSIONS AND RECOMMENDATIONS 

The overall sensitivity analysis has shown that the model 

is stable and fairly insensitive to changes in resources and 

prices. The optimum solution or best program for the farmer 

remained relatively the same and varied only moderately as 

resources and prices increased. However, the results of this 

study leave a number of questions unanswered. Some of these 

questions are as follows: 

1. 

2. 

To what extent will the opportunity cost of maintaining 

wetland vary with the cost of draining wetlands? 

Is there any difference in the opportunity cost of 

maintaining wetland for a dairy farm and a beef farm? 

3 .  Will the yields on native hay effect the sensitivity of 

the model in any way? 

4. Would an increase in the limit on dairy cows bring about 

any significant change in the opportunity costs of 

maintaining wetlands? 

5 .  Will a different use allocation o f  drained native land 

have any effect on the opportunity cost of maintaining 

these wetlands? 

An investigation into the above questions will reveal the effect 

that these factors have on the opportunity cost of maintaining 

wetlands. The investigation will show whether or not the value 

of wetland to farmers with greatly differing programs is, in fact, 

within as narrow a range as indicated by this study. 
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APPENDIX A 

COMPUTER LISTING OF REVISED MODEL 

The following pages contain a listing of the computer card 

input for the revised.model. This listing includes only the 

cards whh the coefficients of the matrix and does not include 

the computer control program cards. 
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APPENDIX B 

EXAMPLE CONTROL PROGRAM FOR SENSITIVITY ANALYSIS 

The following pages contain a listing of the computer 

control program for conducting a general sensitivity analysis 

on all resources. A control program for conducting a 

sensitivity analysis on other factors would be similar. 
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