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considered. With 40 years in the planning horizon this means 4,000 different beef 

price situations were considered.  Beef prices for each iteration are available on the 

compact disk in the spreadsheet called Beefprices.xls. Table 7 shows the overall 

average price by animal class. Annual averages include 100 price scenarios and are 

very near the overall averages reported. 

Note that if forage conditions meant the cow herd size needed to be reduced 

by selling productive brood cows in addition to the normal culling rate, the price 

assumed for these sales was the cull cow price [482]. Thus, it was assumed that cow 

purchases are at the relative high bred-cow prices but cow sales occur at the 

discounted cull price.  

As noted above, other prices considered in the model are the price for leasing 

outside forage to provide additional grazing capacity (assumed to be $20/AUM), the 

price for leasing Corona Ranch forage to an outside yearling operator ($16/AUM), 

Table 7. Average beef price for different animal class. 
Variable 
Name Description Units Average 

Price 
Standard 
Deviation

scalf 300-400 Lb. Steer Calf $/cwt $107 18 
hcalf 300-400 Lb. Heifer Calf $/cwt $103 20 
purscalf 600-700 Lb. Purchased Steer Calvesa $/cwt $95 14 
purhcalf 600-700 Lb. Purchased Heifer Calvesa $/cwt $90 14 
syear 700-800 Lb. Ranch Raised Steer yearling $/cwt $88 15 
hyear 700-800 Lb. Ranch Raised Heifer Yearling $/cwt $89 18 
cullcow 1,000 Lb. Cull Cow $/cwt $43 9
bull 3,300 Lb. Cull Bull  $/cwt $58 11 
buybcow 1,000 Lb. Buy Brood Cow $/head $925 195 
buybull 1,000 Lb. Buy Bull $/head $2,054 401 
a/ Calves are purchased at the 300-400 lb weight and sold at a 600-700 lb weight. 
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and the cost of purchasing hay ($200/ton). These prices were not varied by year. 

These output prices are considered when computing gross returns [399].  
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RESULTS 

Alternative production and marketing strategies were evaluated for the Corona 

Ranch. The first scenario considers only a cow calf enterprise producing at no more 

than the desired bench mark level of 345 AUY (7.85 AUY/section) identified in the 

base herd management plan (Unpublished data, Peterson 2005). In all cases it was 

assumed that herd size is flexible downwards, providing the flexibility to either 

purchase additional leased forage or reduce herd size as potential adjustments to 

drought. The second scenario considers a 345 AUY maximum but expands to allow 

alternative production of purchased yearlings, carry over of calves as yearlings, and 

leasing of AUMs to outside yearling operators. Other scenarios consider an increasing 

maximum stocking rate for the ranch along with the scenario where the ranch 

manager could accurately project annual forage production and adjust stocking rates 

to use all available forage each year. This scenario demonstrates potential economic 

returns if an accurate weather or forage forecast were available. 

Cow-calf Enterprise with 345 AUY Maximum 

Table 8 presents the average and standard deviation (in brackets) of resources 

used, livestock production levels, and economic variables estimated to be optimal 

(profit maximizing) for the Corona Ranch when setting the desired base herd target 

(345 AUY) as a maximum and when managed as a cow/calf ranch only. With the 

specified production ratios (e.g. calf crop, replacement rates, bull to cow ratios, etc.) 

the average profit-maximizing herd would have 341 AUY, 240 cows, 33 cull cows, 

37 replacement heifers, 16 bulls, 120 steer calves and 79 heifer calves. There was  



Panel A. Resource Use

Pasture Units Units
Available 

Resources
Average 

Used
Average 

Slack
Average 

aumac

Average 
AUMs 

used

A_B_past Acres 1,685 585 (86) 1100 0.28 101 (18)

adamscom Acres 2,107 1874 (78) 233 0.36 734 (56)

IJ_Past Acres 4,370 1134 (176) 3236 0.27 167 (27)

Johnson Acres 7,937 1173 (289) 6764 0.25 137 (32)

lanepast Acres 3,299 2068 (166) 1231 0.34 588 (62)

Mpasture Acres 1,430 98 (33) 1332 0.19 8 (3)

Ortiz Acres 2,254 991 (129) 1263 0.31 209 (33)

ram Acres 1,437 1267 (51) 170 0.36 492 (38)

sheep Acres 3,593 3165 (116) 428 0.36 1222 (88)

Total Acres 28,112 12,355 15,756 0.30 3,662

Leased AUMs 6,000 553 (138) 5447 1.00 553 (138)

purchalf tons 100 0 (0) 100 0.00 0 (0)
Number in the parenthesis is the standard deviation measured over the 100 iterations and 40 years
Panel B. Animals Raised
Animal Class Units Numbers
Maximum stocking rate allowed AUY 345
Average number of total AUY AUY 341
Average brood cows head 240
Average cull cows head 33
Average bulls head 16
Average steer calves head 120
Average heifer calves head 79
Average  ranch raised steer yearlings head 0
Average ranch raised heifer yearlings head 5
Average replacement heifer calves head 37
Average replacement heifer yearlings head 37
Percent of years yearlings were purchased % 0
Average number of yearlings purchased head 0 (when purchased)
Percent of years forage was leased to an outside 
yearling operator % 0
Average number of AUMs leased AUM 0 (when leased out)
Percent of years forage was leased % 21%
Average amount of forage leased AUM 2,618 (when leased)

Table 8. Optimal resource use and production strategies for cow/calf enterprise with 345 AUY 
maximum.
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Table 8. Continued
Panel C. Costs and Returns

Units Value
Gross Livestock Sales $ 122,679
Average annual forage costs $ 27,977
Average  annual animal costs $ 24,549
Average annual production cost $ 52,572
Fixed Costs $ 43,921
Average annual net returns $ 26,186
Average annual net returns $/AUY 77
Maximum annual net returns $ 129,329
Minimum annual net returns $ -80,576
Standard deviation of annual net returns $ 34,106
Probability of negative annual net returns % 20%
Average annual accumulated savings $ 123,615
Percent of iterations with borrowing % 0.45%
Average amount borrowed annually $ 9,429 (when borrowing occurred)
Average objective function value $ 326,015
Maximum objective function value $ 475,287
Minimum objective function value                                                             $         98,675
Standard deviation of objective function $ 73,004
Run summary file: Cow calf -345 AUY-Maximum.xls
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minimal variation from this level for alternative years and price situations. Herd size 

was assumed to start at the current 194 brood cows (267 AUY when all animal 

classes are considered). By the second year herd size would increase to the target 345 

AUY and generally remain there over the 40 year planning horizon. After year 1, herd 

size was at the target 345 AUY 80 percent of the time.  

With management as a cow/calf ranch, the major way that drought years were 

managed was to lease outside forage to meet any forage shortages, assumed to cost 

$20/AUM. Some amount of forage was leased in 844 of the 4,000 iterations (21 

percent of the time). As noted earlier, forage production was assumed to be normally 

distributed with a mean of 651 kg/ha and a standard deviation of 200 kg/ha. A forage 

residual of 336 kg/ha was required, implying no grazing capacity when forage 

production was below this level. Computed as the area under the normal curve no 

grazing capacity would be expected on the ranch about 6 percent of the time. The 

maximum number of AUMs leased in these low production years would be about 

4,200 AUMs. Herd size was reduced slightly in some years but it was above 330 

AUY 95 percent of the time. Herd reduction would be used to adjust to forage 

shortages only when forage shortages occurred late in the 40 year planning horizon. 

At $20/AUM it was more profitable to lease forage than to cut the size of the cow 

herd, given cow/calf production is the only production option considered. 

The cow herd was maintained by raising replacement heifers on the ranch. In 

only 15 of 4,000 price situations (<0.5 percent) were cows purchased in addition to 
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raising replacements. These were years when cows were relatively cheap 

(<$500/head in some cases). 

Panel A in Table 8 shows that on average 15,756 acres or 56 percent of the 

available land resources would optimally go unused. This is because with the 

assumed level of average forage production on the ranch (estimated to be 15 

AUY/section) the 345 AUY base herd (7.85 AUY/section) is a very conservative 

stocking rate (there is excess forage in many years). The least productive pastures 

would go unused first.  

Panel C in Table 8 shows estimated average economic variables for the 

current cow/calf enterprise. Average annual net returns (return to land, management 

and risk) were estimated to be $26,186 ($77/AUY, $109/brood cow) with a great deal 

of variability (standard deviation of $34,106). By comparison, the 2006 SPA analysis 

for the Corona Ranch indicated an average net income from the cow/calf enterprise of 

$109/cow and the 2005 analysis shows $202/cow. These values are not directly 

comparable, however, because of definitional differences and the value computed 

here is averaged over 4000 alternative beef price situations whereas the SPA analysis 

is for a particular year. 

Negative annual returns occurred in low beef price years and when forage 

production was low. Expensive leased forage was required to meet forage shortfalls 

in these years. About 20 percent of the iterations had negative annual returns from 

livestock production, requiring a subsidy from the wildlife enterprise. Additional 

borrowing was required about 0.45 percent of the time. The average objective 



 64

function value (discounted net returns over the 40-year planning period) was 

$326,015.   

Multiple Enterprises with 345 AUY Maximum 

Maintaining the restriction of 345 AUY maximum but with the additional 

enterprises of carrying over yearlings, purchasing yearlings, and leasing forage to an 

outside yearling operator is now considered in addition to a cow/calf enterprise. The 

LP model results for this scenario are presented in Table 9. Average net annual 

returns are not greatly different considering the added enterprises, increasing only 

$648/year to $26,834 ($79/AUY).  The value of the objective function was increased 

by $31,571, from $326,015 to $357,587. Carrying over calves for sale as yearlings 

was not as profitable as selling calves in the fall at the assumed production rates and 

costs, thus, carrying over yearlings beyond what was required to replace the herd was 

never practiced. 

The cow herd would be maintained, though at a slightly lower level (194 

brood cow average instead of 240 head average with only cow/calf operation). 

Approximately 10 percent of the time no cows would be raised. Instead, available 

forage would go to purchased yearlings or in other years forage would be leased to an 

outside yearling operator. In the early years of the planning period both cow/calf and 

yearlings enterprises would be profitable with yearlings purchased in selected years 

and maintained on the ranch along with the cow herd. As shown in Figure 9, which 

plots average brood cow numbers and AUY equivalents of yearlings, by year 

(averaged over by 100 price iterations), a complete switch to a yearling enterprise  



Panel A. Resource Use

Pasture Units Units
Available 

Resources
Average 

Used
Average 

Slack
Average 

aumac

Average 
AUMs 

Used

A_B_past Acres 1685 588 (93) 1097 0.28 102 (18)

adamscom Acres 2107 1871 (71) 236 0.36 734 (53)

IJ_Past Acres 4370 1137 (199) 3233 0.27 168 (30)

Johnson Acres 7937 1190 (336) 6747 0.25 140 (38)

lanepast Acres 3299 2077 (159) 1222 0.34 592 (52)

Mpasture Acres 1430 96 (41) 1334 0.19 8 (4)

Ortiz Acres 2254 998 (131) 1256 0.31 212 (32)

ram Acres 1437 1266 (52) 171 0.36 493 (36)

sheep Acres 3593 3176 (111) 417 0.36 1229 (77)

Total Acres 28,112 12,399 15,711 0.30 3,678

Leased AUMs 6000 520 (141) 5480 1.00 520 (141)

purchalf tons 100 0 (0) 100 0.00 0 (0)

Number in the parenthesis is the standard deviation measured over the 100 iterations and 40 years
Panel B. Animals Raised
Animal Class Units Numbers
Maximum stocking rate AUY 345
Average number of total AUY AUY 340
Average brood cows head 194
Average cull cows head 27
Average bulls head 13
Average steer calves head 97
Average heifer calves head 65
Average ranch raised steer yearlings head 0
Average ranch raised heifer yearlings head 3
Average replacement heifer calves head 29
Average replacement heifer yearlings head 30
Percent of years yearlings were purchased % 59%
Average number of yearlings purchased head 279 (when purchased)
Percent of years forage was leased to an 
outside yearling operator % 19%
Average number of AUMs leased AUM 948 (when leased out)
Percent of years forage was leased % 20%
Average amount of forage leased AUM 2,556 (when leased)

Table 9. Optimal resource use and production strategies for multiple enterprise with 345 
AUY maximum.
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Table 9. Continued.
Panel C. Costs and Returns

Units Value
Gross Livestock Sales 204,021
Average annual forage costs $ 27,814
Average annual animal costs $ 105,430
Average total production costs $ 133,265
Fixed Costs $ 43,921
Average annual net return $ 26,834
Average annual net return $/AUY 79
Maximum annual net returns $ 154,213
Minimum annual net returns $ -84,749
Standard deviation of annual net returns $ 35,874
Probability of negative annual net return % 20.75%
Average annual accumulated savings $ 125,636
Percent of iterations with borrowing % 0.23%
Average amount borrowed annually $ 8,849 (when borrowing occurred)
Average objective function value $ 357,587
Maximum objective function $ 517,490
Minimum objective function $ 147,675
Standard deviation of objective function $ 72,977
Run summary file: Multiple Enterprises-345 AUY-Maximum.xls

66



 67

0

50

100

150

200

250

300

350

400

ye
ar

01

ye
ar

03

ye
ar

05

ye
ar

07

ye
ar

09

ye
ar

11

ye
ar

13

ye
ar

15

ye
ar

17

ye
ar

19

ye
ar

21

ye
ar

23

ye
ar

25

ye
ar

27

ye
ar

29

ye
ar

31

ye
ar

33

ye
ar

35

ye
ar

37

ye
ar

39

N
um

be
r 

of
 A

ni
m

al
s (

H
ea

d)

Year

AUY of Yearlings

Brood Cows numbers

Total AUY

 
Figure 9. Average number of mature brood cows and AUY equivalents of purchased 
yearlings, or leased AUY, by year, in multiple enterprises with 345 AUY maximum. 
 

generally occurred late in the planning horizon (after year 30). An evaluation of beef 

price situations during the year of the switch is consistent with expectations. The 

profitability of purchasing yearlings decreases as the price spread or difference 

between the buy and sell price increases. This is because part of the cost of yearling 

production is the loss of value on the original purchase weight as prices diminish at 

heavier sale weights (Figure 8). The switch to a yearling stocker operation occurred in 

a year when the price spread was negligible and it was never profitable to switch back 

to brood cows in the same 40-year planning period. The timing of the switch to 

yearlings was different for each price situation. Yearlings were purchased in 59 

percent of the years and 87 percent of the time steer calves would be purchased. For 
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those years when yearlings were purchased the average number purchased was 279 

head (81 AUY). 

In some years it was more profitable to lease forage to an outside yearling 

operator then it was to raise purchased yearlings. Leasing of forage to someone else 

occurred when the price spread for purchasing yearlings was wide. When forage was 

leased to an outside user an average of 948 AUMs was leased. 

With more flexible enterprise opportunities, after year 1, herd size was at the 

target 345 AUY 90 percent of the time and above 300 AUY 95 percent of the time. 

Some amount of forage was leased in 814 of the 4,000 iterations (20 percent of the 

time) to meet forage shortfalls. When forage was leased an average of 2,556 AUMs 

were leased. 

Multiple Enterprises with 660 AUY Maximum 

The average grazing capacity of the Corona Ranch was estimated to be 15 

AUY/section or 660 total AUY (Table 5). If maximum rangeland stocking rates were 

increased up to this level annual net returns would nearly triple, from $26,834 with 

only 345 AUY to $70,948 (Table 10). This assumes herd size is flexible downwards 

and would be adjusted downwards (or outside forage would be leased) to meet any 

forage shortfalls. These shortfalls occurred at an increasing frequency at the higher 

maximum stocking rate. 

About 28 percent of defined land resources would optimally go unused with 

the 660 AUY maximum as compared to a level nearly twice this amount with only 

345 AUY.  The ranch would lease some amount of outside forage in about 37 percent  



Panel A. Resource Use

Pasture Units Units
Available 

Resources
Average 

Used
Average 

Slack
Average 

aumac

Average 
AUMs 

used

A_B_past Acres 1,685 1326 (84) 359 0.28 358 (30)

adamscom Acres 2,107 1932 (60) 175 0.36 761 (50)

IJ_Past Acres 4,370 2961 (217) 1,409 0.27 699 (59)

Johnson Acres 7,937 3899 (437) 4,038 0.25 734 (90)

lanepast Acres 3,299 2982 (105) 317 0.34 1092 (74)

Mpasture Acres 1,430 490 (80) 940 0.19 64 (12)

Ortiz Acres 2,254 1915 (90) 339 0.31 602 (44)

ram Acres 1,437 1320 (40) 117 0.36 519 (34)

sheep Acres 3,593 3297 (100) 296 0.36 1298 (86)

Total 28,112 20,122 7,990 0.30 6,127

Leased AUMs 6,000 1216 (253) 4,784 1.00 1216 (253)

purchalf tons 100 0 (0) 100 0.00 0 (0)

Number in the parenthesis is the standard deviation measured over the 100 iterations and 40 years
Panel B. Animals Raised
Animal Class Units Value
Maximum stocking rate AUY 660
Average number of total AUYs AUY 595
Average brood cows head 251
Average cull cows head 35
Average bulls head 16
Average steer calves head 127
Average Heifer calves head 81
Average ranch raised steer yearlings head 0
Average ranch raised heifer yearlings head 4
Average replacement heifer calves head 41
Average replacement heifer yearlings head 41
Percent of years yearlings were purchased % 61%
Average number of yearlings purchased head 1,007 (when purchased)
Percent of years forage was leased to an
outside yearling operator % 22%
Average number of AUMs leased out AUM 2,964 (when leased out)
Percent of years forage was leased % 37%
Average amount of forage leased AUM 3,266 (when leased)

Table 10. Optimal resource use and production strategies for multiple enterprises with 660 
AUY maximum.
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Table 10. Continued.
Panel C. Costs and Returns

Units Value
Gross livestock sales $ $525,384
Average annual forage costs $ $53,458
average annual animal costs $ $357,046
Average annual production costs $ $410,515
Fixed costs 43,921
Average annual net returns $ $70,948
Average annual net returns $/AUY 119
Maximum annual net returns $ $337,034
Minimum annual net returns $ -$107,967
Standard deviation of annual net returns $ $68,857
Probability of negative annual net returns % 16%
Average annual accumulated savings $ $213,731
Percent of iterations with borrowing % 0.10%
Average amount borrowed annually $ 10,122 (when borrowing occurred)
Average objective function value $ 898,349
Maximum objective function $ 1,263,556
Minimum objective function $ 608,795
Standard deviation of objective function $ 143,257
Run summary file: Multiple Enterprises-660 AUY-Maximum.xls
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of the years and would lease the 6,000 AUM maximum allowed about 8 percent of 

the time. An average of 3,266 AUMs (272 AUY) would be leased when forage was 

leased.  

Panel B in Table 10 shows average optimum livestock production estimated 

for various animal classes for the planning period with a 660 AUY maximum. The 

model ranch optimally maintained an average of 595 AUY. The cow herd size was 

maintained near the current level, averaging 251 head, but similar to the earlier results 

of Figure 9, average cow herd size decreased during the later years of the analysis 

because the opportunity cost (future earnings) of maintaining the cow herd diminishes 

each year. This was not always the case however. Cow numbers increased over the 

whole 40 years for 6 of the price iterations, peaking at about 500 head in these cases. 

Production strategies were similar to the analysis with multiple enterprises 

operating at 345 AUY. Any additional grazing capacity was generally used by a more 

flexible yearling enterprise. The ranch purchased yearlings about 61 percent of the 

time. As earlier, in some years, it was more advantageous to lease forage to an outside 

yearling operator. When yearlings were purchased an average of 1,007 head (293 

AUY) were bought for the 5 month grazing season. 

Panel C in Table 10 shows averages estimated economic variables with 660 

AUY, or when stocking rate is set at a maximum of 15 head/section. The annual net 

return was estimated to be $70,948 with a great deal of variability (standard deviation 

of $68,857). Average annual net returns are estimated to be $119/AUY. About 16 

percent of the time annual net returns would be negative, requiring a subsidy from the 
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wildlife enterprise. Additional borrowing was required about 0.10 percent of the time 

with the average amount borrowed at $10,122. The average objective function value 

was $898,349.   

Cow-calf Enterprise with 660 AUY Maximum 

Table 11 presents the average and standard deviation of resources used, 

livestock production levels, and economic variables estimated to be optimal if the 15 

AUY/section average stocking rate were set as a maximum but only a cow/calf 

enterprise were considered. The annual net return was estimated to be $64,452 for the 

cow/calf enterprise, a decrease of $6,496 when compared to multiple enterprises 

(Table 10). Increasing the maximum herd size from 7.85 AUY/section to 15 

AUY/section would increase annual average net returns by nearly 2.5 times when 

operated as a cow/calf ranch. 

Production strategies were similar to the analysis of a cow/calf enterprise 

operating at 345 AUY. An average of 410 brood cows would be maintained on the 

ranch. About 25 percent of the time available land resources would not be fully used. 

The ranch would lease some amount of forage from outside about 42 percent of the 

years at an average of 3,362 AUMs. It would lease maximum allowed 6,000 AUMs 

about 9 percent of the time. 

 

 

 

 



Panel A. Resource Use

Pasture Units Units
Available 

Resources
Average 

Used
Average 

Slack
Average 

aumac

Average 
AUMs 

used

A_B_past Acres 1,685 1279 (136) 406 0.28 332 (52)

adamscom Acres 2,107 1953 (68) 154 0.36 760 (54)

IJ_Past Acres 4,370 2831 (342) 1539 0.27 641 (107)

Johnson Acres 7,937 3645 (600) 4292 0.25 652 (134)

lanepast Acres 3,299 2963 (180) 336 0.34 1058 (119)

Mpasture Acres 1,430 457 (102) 973 0.19 56 (15)

Ortiz Acres 2,254 1878 (171) 376 0.31 572 (79)

ram Acres 1,437 1334 (45) 103 0.36 519 (35)

sheep Acres 3,593 3332 (114) 261 0.36 1297 (90)

Total Acres 28,112 19,672 8,440 0.30 5,887

Leased AUMs 6,000 1385 (308) 4615 1.00 1385 (308)

purchalf tons 100 5 (4) 95 0.00 0 (0)
Number in the parenthesis is the standard deviation measured over the 100 iterations and 40 years
Panel B. Animals Raised
Animal Class Units Numbers
Maximum stocking rate allowed AUY 660
Average number of total AUY AUY 588

Average brood cows head 410

Average cull cows head 57

Average bulls head 27

Average steer calves head 206

Average heifer calves head 127

Average  ranch raised steer yearlings head 0
Average ranch raised heifer yearlings head 11
Average replacement heifer calves head 68
Average replacement heifer yearlings head 68
Percent of years yearlings were purchased % 0
Average number of yearlings purchased head 0 (when purchased)
Percent of years forage was leased to an outside 
yearling operator % 0
Average number of AUMs leased AUM 0 (when leased out)
Percent of years forage was leased % 42%
Average amount of forage leased AUM 3,262 (when leased)

Table 11. Optimal resource use and production strategies for cow-calf enterprise with 660 
AUY maximum.
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Table 11. Continued
Panel C. Costs and Returns

Units Value
Gross Livestock Sales $ $210,162
Average annual forage costs $ $55,718
Average  annual animal costs $ $45,983
Average annual production cost $ $101,789
Fixed Costs $ 43,921
Average annual net returns $ $64,452
Average annual net returns $/AUY 110
Maximum annual net returns $ $290,171
Minimum annual net returns $ -$108,217
Standard deviation of annual net returns $ $71,188
Probability of negative annual net returns % 20%
Average annual accumulated savings $ $199,152
Percent of iterations with borrowing % 0.63%
Average amount borrowed annually $ 12,888 (when borrowing occurred)
Average objective function value $ 668,273
Maximum objective function value $ 962,269
Minimum objective function $ 257,545
Standard deviation of objective function $ 135,673

Run summary file: Cow-calf 660 AUY maximum.xls
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Multiple Enterprises with Optimal Number of AUY 

The ranch model was executed without any restrictions on maximum carrying 

capacity. Each year the ranch manager was assumed to know the level of forage 

production that would eventually be realized, and herd size would be adjusted to 

profit maximizing levels given this knowledge. This is obviously an unrealistic 

scenario that could only be achieved with a very accurate weather and forage forecast. 

It demonstrates the upper range of economic potential and highlights a general 

strategy that would be followed even without perfect foresight about prices and 

forage production levels. 

Similar to runs with a restricted maximum herd size (Figure 9) the size of the 

cow herd would be consistently maintained at 150 to 230 head, averaging 189 head 

which is very near the current number. Similar to the earlier situation and description, 

the average number of cows would gradually decrease overtime, switching instead to 

the more flexible yearling enterprise as desirable price situations arose for yearling 

production. As shown in Figure 10, only about one-third of available AUMs would be 

harvested by the cow herd that must be maintained across years. Total AUY 

harvested on the ranch and from outside leased sources would average 890 AUY 

(Table 12). Average forage harvested on the Corona Ranch (excluding leased forage) 

would be 8,224 AUMs or 685 AUY, which is 15 AUY/section. This is as expected 

given that this was the assumed average grazing capacity of the Corona Ranch   

(Table 5). Outside forage would be leased in 56 percent of the years and this forage 

would be leased in many years, not only as forage for the cow herd during drought,  
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Figure 10. Average number of mature cows and AUY equivalents of purchased 
yearlings, or leased AUY, by year, in multiple enterprises with optimal stocking rates. 
 

but also for yearling production during favorable price years. The ranch would lease 

the 6,000 AUM maximum allowed about 39 percent of the time.  When forage was 

leased an average 4,959 AUMs (413 AUY) were leased.   

With perfect foresight about forage production levels every blade of grass up 

to the required residual amount would be harvested. The ranch would fully utilize 

forage resources and take full advantage of favorable production years. It would do 

this primarily with a flexible yearling enterprise. Ranch produced forage would be 

inadequate to support the cow herd in about 21 percent of the years, additional forage 

would be available for yearling purchase (either owned or leased to an outside  

 



Panel A. Resource Use

Pasture Units Units
Available 

Resources
Average 

Used
Average 

Slack
Average 

aumac

Average 
AUMs 

Used

A_B_past Acres 1,685 1512 (50) 173 0.28 465 (31)

adamscom Acres 2,107 1931 (60) 176 0.36 761 (50)

IJ_Past Acres 4,370 3900 (130) 470 0.27 1155 (77)

Johnson Acres 7,937 6969 (238) 968 0.25 1966 (128)

lanepast Acres 3,299 3008 (89) 291 0.34 1118 (73)

Mpasture Acres 1,430 1175 (58) 255 0.19 253 (18)

Ortiz Acres 2,254 2042 (64) 212 0.31 689 (45)

ram Acres 1,437 1317 (41) 120 0.36 519 (34)

sheep Acres 3,593 3295 (103) 298 0.36 1298 (85)

Total Acres 28,112 25,149 2,964 0.30 8,224

Leased AUMs 6,000 2752 (264) 3248 1.00 2752 (264)

purchalf tons 100 0 (1) 100 0.00 0 (0)

Number in the parenthesis is the standard deviation measured over the 100 iterations and 40 years
Panel B. Animals Raised
Animal Class Units Numbers
Maximum stocking rate AUY Not limited
Average number of total AUY AUY 890
Average Brood cows head 189
Average cull cows head 26
Average bulls head 12
Average steer calves head 95
Average Heifer calves head 63
Average ranch raised steer yearlings head 0
Average ranch raised heifer yearlings head 3
Average replacement heifer calves head 30
Average replacement heifer yearlings head 30
Percent of years yearlings were purchased % 58%
Average number of yearlings purchased head 2,916 (When purchased)
Percent of years forage was leased to an 
outside yearling operator % 21%
Average number of AUMs leased out AUM 6,888 (when leased out)
Percent of years forage was leased % 56%
Average amount of forage leased AUM 4,959 (When leased)

Table 12. Optimal resource use and production strategies for multiple enterprises with 
optimal number of AUY.
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Table 12. Continued
Panel C. Costs and Return

Items Units Value
Gross livestock sales $ 1,193,397
Average annual forage costs $ 93,024
Average annual animal costs $ 940,350
Average annual production costs $ 1,033,436
Fixed costs $ 43,921
Average annual net returns $ 116,040
Average annual net returns $/AUY 130
Maximum annual net returns $ 1,326,918
Minimum annual net returns $ -176,972
Standard deviation of annual net returns $ 158,869
Probability of negative annual net returns % 23%
Average annual accumulated savings $ 304,116
Percent of iterations with borrowing % 0.40%
Average amount borrowed annually $ 14,282 (when borrowing occurred)
Average objective function value $ 1,487,377
Maximum objective function $ 2,627,048
Minimum objective function $ 949,590
Standard deviation of objective function $ 306,850
Run summary file: Multiple Enterprises-Optimal number of AUY.xls
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operator) in 79 percent of the years (Table 12). When yearlings were purchased an 

average 2,916 head (850 AUY) would be purchased. 

Panel C in Table 12 shows averages for economic variables with unrestricted 

and flexible stocking rates. The average annual net return was estimated to be 

$116,040 ($130/AUY) which is over four times more than the net return for the 

current 345 AUY stocking rate with management as a cow/calf ranch ($26,186). 

Average annual production expenses average over $1 million/year with the majority 

of this cost to purchase yearlings. About 23 percent of the iterations had negative 

annual net returns, requiring a subsidy from the wildlife enterprise. Additional 

borrowing was required about 0.40 percent of the time. 

The substantial increase in net returns does not occur without accepting a 

great deal more risk. Figure 11 plots average annual net returns and the standard 

deviation of net returns for the scenarios described thus far and for other runs with 

increasing levels of the allowed upper stocking rate. In each case stocking rate was 

defined to be flexible downwards and the optimal cow herd size was estimated to be 

between 189 and 255 head (Table 13), decreasing slightly over the 40-year planning 

period. By harvesting additional forage in favorable years with yearlings net annual 

returns are highly variable, and increasing in variability as the ranch manager is 

willing to stock at higher and higher levels during favorable production years. Fixed 

costs are spread over more AUY as the upper-bound stocking rate increases and this 

also contributes to the increasing average in net returns. With the current conservative  
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Figure 11. Average annual net returns from alternative scenarios. 
 
 
7.85 AUY/section stocking rate the variability of net returns (risk) is at a minimum 

and so is the average annual net return. 
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Sensitivity Analysis 

Economic Value of Additional Wildlife Income 

Sensitivity analysis was carried out to estimate the economic value of the 

additional wildlife income and results are presented in Table 14. The Corona Ranch 

received $35,000/annum from wildlife income (in 2007). When the model was 

executed without wildlife income it reduced annual livestock economic return by 

$2,250. There was no substantial difference in the average number of total AUY and 

brood cows. 

Alternative Forage Cost   

Alternative forage cost values were evaluated to estimate the impact of higher 

value forage cost on livestock production and annual net returns (Table 15). When the 

forage cost/AUM increased from $20 to $30/AUM at $5 interval, the average total 

AUY and brood cow numbers were decreased considerably. But at the same time, the 

percent of time yearling were purchased from the market decreased by only 4 percent, 

because yearlings would only be purchased during favorable production years. The 

annual net return was decreased about $7,400 when the forage cost increase from $20 

to $25/AUM. As forage cost increases further to $30/AUM, the livestock business 

would lose about 19 percent ($13,740) in annual net returns from its original annual 

net return. Though the ranch would optimally reduce considerably the level of herd 

size (9 percent reduction) when the forage cost increased about 50 percent ($20 to 

$30/AUM) it still maintained about 91 percent of the original herd size. This suggests 

that even at $30/AUM it would be profitable to maintain the livestock inventory. 



Table 14. Economic value of additional wildlife income for multiple enterprises.
With wildlife 

income 
Without wildlife 

income
Maximum Total AUY 660 AUY 660 AUY
Maximum AUY/Section Unit 15 AUY 15 AUY
Production Variables
Average number of total AUY AUY 595 593
Average brood cows head 251 244
Percent of years yearlings purchased % 61% 62%
Average  yearlings purchased head 1007 1,035
Percent of years forage was leased to an 
outside yearling operator % 22% 22%
Average number of AUMs leased AUM 2,964 3,072
Percent of years forage was leased % 37% 37%
Average amount of forage leased AUM 3,266 3,252

Percent of years maximum forage leased % 8% 7%

Annual Net Returns
Average $ $70,948 $68,694
Change $ -$2,255
Percent change % 3.18%
Per AUY $ $119 $116
Maximum $ $337,034 $335,828
Minimum $ -$107,967 -$103,070
Standard deviation $ $68,857 $66,649

Objective Function
Average $ $898,349 $873,166
Maximum $ $1,263,556 $1,256,057
Minimum $ $608,795 $352,059
Standard deviation $ $143,257 $167,000
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Table 15. Economic value of low forage cost for multiple enterprises.
Leased forage at 

$20/AUM
Leased forage at 

$25/AUM 
Leased forage at 

$30/AUM 
Maximum Total AUY 660 AUY 660 AUY 660 AUY
Maximum AUY/Section Unit 15 AUY 15 AUY 15 AUY
Production Variables
Average number of total AUY AUY 595 569 541
Average brood cows head 251 212 166
Percent of years yearlings purchased % 61% 58% 57%
Average  yearlings purchased head 1007 1,160 1320
Percent of years forage was leased to an 
outside yearling operator % 22% 23% 24%
Average number of AUMs leased AUM 2,964 3,432 4,080
Percent of years forage was leased % 37% 30% 24%
Average amount of forage leased AUM 3,266 3,047 2,667

Percent of years maximum forage leased % 8% 4% 2%

Annual Net Returns
Average $ $70,948 $63,540 $57,208
Change $ $7,409 $13,740
Percent change % 10.44% 19.37%
per AUY $ $119 $112 $106
Maximum $ $337,034 $337,034 $339,212
Minimum $ -$107,967 -$133,292 -$142,471
Standard deviation $ $68,857 $73,560 $76,529

Objective Function
Average $ $898,349 $820,267 758,593
Maximum $ $1,263,556 $1,227,502 1,202,132
Minimum $ $608,795 $453,581 312,064
Standard deviation $ $143,257 $163,767 179,303
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MANAGEMENT AND PRODUCTION RECOMMENDATIONS 

The linear programming analysis used to evaluate optimal production and 

marketing strategies for the Corona Ranch assumes upfront knowledge about future 

prices and levels of annual forage production. A Monte-Carlo procedure was used 

whereby average production strategies are considered across 4,000 different beef 

price and production situations. While the deterministic nature of the multi-period LP 

model is limiting in that a ranch manager does not have upfront price and production 

knowledge as assumed, the analysis very clearly indicates several management 

adjustments that could be taken to improve the profitability of the Corona Ranch and 

similar New Mexico ranches. 

The major recommendation is that a flexible grazing strategy similar to that 

recommended by Dahl (1963) be adopted. As he described, grazing programs that 

minimize the effects of wide forage fluctuations will graze the range with a core 

breeding herd that is set below what would be detrimental to the range during drought 

years. Any excess forage produced in average or above average years would be 

utilized by purchased animals. 

A core cow herd size of 345 AUY (243 mature brood cows, 34 cull cows, 16 

bulls, and 37 replacement heifers) is approximately the profit maximizing number to 

have on the Corona Ranch. At this level, forage production can be expected to be less 

than adequate for the core herd 21 percent of the time, requiring leasing of outside 

forage and/or herd reduction. The key is that during favorable production years 

additional yearlings need to be purchased to take advantage of the added forage. It is 
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important to incorporate the flexibility that yearling purchases add to the ranch 

business. Similar to the findings of Ash et al. (2000) in Australia, the conservative 

stocking rate as now practiced on the Corona Ranch does not adjust stocking rates 

upward during favorable production years and consequently receives relatively low 

economic returns in good years due to lost opportunity costs. 

The potential increase in net returns by adding yearlings depends on the degree 

to which advantageous production years can be estimated and anticipated, and actions 

taken to harvest the added AUMs of grazing capacity. Hart (1991) notes that to take 

advantage of flexible profit-maximizing stocking rates requires that early and 

accurate stocking rate decisions must be made. This requires an accurate prediction of 

how much forage will be available for the year, thus requiring an accurate weather 

forecast. He notes that in the northern High Plains of Wyoming forage production is 

primarily determined by precipitation in March, April, and May and with yearlings 

typically entering the pasture in May, annual forage production is largely known as 

the stocking decision is made. This is not the situation for the ranges of the southwest 

where warm season (C4) grasses predominate. On the Corona Ranch, grass growth 

does not typically commence until the summer rains of June, July and August. As 

noted by Ash et al. (2000), adopting a flexible stocking rate outperforms the 

conservative stocking rate but requires considerably better herd management and 

marketing skills because an error in judgment can negatively impact animal 

performance, economic returns, and the grazing resource.  
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Assuming outside forage can be leased for $20/AUM it is generally more 

profitable to maintain the cow herd through drought periods by leasing outside forage 

than it is to reduce cow numbers. Additional sensitivity analysis indicated this would 

still be the case if forage leased for $30/AUM, provided a cow/calf enterprise were 

the only production option. If yearlings are added as a production alternative then the 

least cost adjustment to drought would be a shift from a cow/calf enterprise to 

yearlings, and yearlings would not be purchased during this and subsequent drought 

periods. It would not be profitable to once again return to the cow/calf enterprise. 

“Overgrazing” was not considered in the analysis and the options considered were to 

reduce numbers or lease outside forage so as to adequately meet annual forage 

demands. The Bement (1969) stocking rule was enforced where 336 kg/ha of 

herbaceous material had to remain at the end of the grazing season. This residual 

would maximize animal performance and sustain forage resources (Bement 1969).   

Expected net economic returns from a cow/calf enterprise versus a purchased 

yearling enterprise are nearly identical with the costs, prices, and production rates 

defined in the LP analysis. Yearlings are generally considered to be more risky 

because of variable rates of gain and unknown sale prices. Yet, incorporating this 

annual enterprise on the ranch would provide grazing flexibility that is not available 

with a cow/calf enterprise alone. 

Selling calves in the fall as weaned calves (as practiced on the Corona Ranch) 

was found to be more profitable then carrying calves over for sale the following fall 

as yearlings. None of the price situations simulated by the beef price model resulted 
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in carry-over yearlings being more profitable than selling weaned calves. Yearling 

rates of gain would have to be better than the 0.8 lb/head/day (0.36 kg/head/day) 

assumed in the analysis. 

It is typical for western ranchers to raise their own replacement heifers, as is 

practiced on the Corona Ranch. This practice was found to be more profitable than 

purchasing cows for replacement and building of herd numbers. Cows were 

purchased only 0.5 percent of the time when relatively low bred cow prices were 

simulated.   

Additional efforts to monitor and predict available forage resources will need to 

occur on the Corona Ranch but the potential economic return from these efforts are 

estimated to be substantial. Economic returns for the ranch and other New Mexico 

ranchers is greatly affected by managements ability to forecast and incorporate 

rainfall and forage production into stocking decisions. 
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Appendix A: Linear Programming Model 
 
1    /* 
2    ******************************************************************************* 
3    *              Corona Ranch Multiperiod Linear Programming Model               * 
4    *                                                                              * 
5    *                  Multiple Enterprises with 345 AUY Maximum                   * 
6    ******************************************************************************** 
7    $Title Corona Ranch Model 
8    $ONTEXT 
9    Text Block can go here 
10   $OFFTEXT 
11 
12   $OFFSYMLIST OFFSYMXREF 
13 
14   file returns /base_returns.txt/;            returns.pc=5; 
15   * Returns is a file that summarizes costs and returns by year 
16   file foragsum /base_land.txt/;              foragsum.pc=5; 
17   * Foragsum is a file that summarizes forage use by year 
18   file raisesum /base_raise.txt/;             raisesum.pc=5; 
19   * Raisesum is a file that summarizes the number of raised animals by year 
20   file risum /base_objfn.txt/;               risum.pc=5; 
21   * Filesum is a file that summarizes the Objective Function (ranch income) by    
      year 
22   file lndsum /base_landuse1.txt/;             lndsum.pc=5; 
23   * Lndsum is the file that summarizes seasonal landuse by year 
24   file feedsum /base_feeduse.txt/;             feedsum.pc=5; 
25   * Feedsum is a file that summarizes seasonal feed use by year 
26   file haysum /base_haysale.txt/;             haysum.pc=5; 
27   * haysum is a file that summarizes hay sales use by year 
28 
29   Scalars  totdays         Total days defined by various seasons 
30            calfcrop        Calf Crop Percentage at birth   /0.86/ 
31            minrepl         Required min cow repl rate      /0.12/ 
32            Bullrepl        Required bull replacement rate  /0.14/ 
33            minhyear        Required min heifers for sale   /0.10/ 
34            maxrepl         Max % heifer calves kept        /0.50/ 
35            cowbull         cow to bull ratio               /20.0/ 
36            numhorse        number of horses on ranch       /7.0/ 
37            Rho             discount rate                   /0.07/ 
38            Commiss         Commission % cost to sell cow   /0.03/ 
39            Yardage         Yardage and trans Charge($ per day)  /1.50/ 
40            Salefeed        Sale feed charge ($ per cwt)    /.30/ 
41            Offranch        Off ranch income                /35000/ 
42            Family          family living allowance         /000/ 
43            Fixed           Fixed ranch expenses            /43921/ 
44            Iwealth         Initial cash position           /35000/ 
45            Frugal          % of cash transferred           /0.50/ 
46   * Endval is average buy price of cow 
47            Endval          final year net return           /75/ 
48            Stloanr         Short term borrowing rate       /0.09/ 
49            oploanr         opportunity loan rate           /0.075/ 
50            Savrate         Interest return on Savings acct /.03/ 
51 
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52   * Forage parameters 
53            Residual        Residual forage amount(kg_ha)   /336/ 
54            Harvest         percent of forage harvestable   /1.0/ 
55            AUMeq           lbs_acre per AUM                /800/ 
56            foragedecay     loss of carryover forage        /.87/ 
57            leasforpric     lease out forage price $_AUM    /16/ 
58            leasforcost     lease out forage cost $_AUM     /2.41/ 
59   ; 
60   * Change years to match price data set 
61   Set T Time periods /year01*Year40/ 
62       TLAST(T)  Last Period 
63 
64   *If you have different seasons, there are changes throughout the model that must    
      be made 
65   Set seasonON grazing season start date /seas1*seas7/ 
66   Set iter iteration /iter001*iter100/ 
67   set Type AUM type 1=kg_ha 2=aum_ac /1*2/ 
68   Set season(seasonON) grazing season /seas1*seas6/ 
69   *If you have different land or crop types, there are changes throughout the  
      model that must be made 
70   Set land types of land available 
71       /adamscom,Johnson, lanepast, A_B_past, Mpasture,IJ_Past, Ortiz, sheep, ram,   
     Leased, purchalf/ 
72   Set Crop(land) /purchalf/ 
73   Set landitem /number, cropyld, conver, RELPROD, forcost / 
74   Set date1 /m, d, y, serial, days, months / 
75   Set livclass /broodcow, cullcow, bull, horse, scalf, hcalf, 
76         syear, hyear, purscalf, purhcalf, rephcalf, rephyear, buybcow, sellbcow,  
     buybull/ 
77   Set livecl(livclass) /cullcow, bull, scalf, hcalf, syear, hyear, 
78        purscalf, purhcalf, sellbcow/ 
79   Set livpara /buywt, salewt, deathlss, animcost/ 
80   Set Costsum /forcost, animcost, loancst, totcost, gross, repgross, 
81       net, netdisc, cashtr, accumsav, stborrow, repayst/ 
82   Set out1 /acres, slack, total, shadow, cost, kgha, aumac, aums/ 
83 
84 
85   parameter buypric(T,livclass); 
86   parameter salepric(T,livclass); 
87   parameter Econ(iter,T,costsum)      Economic Variables; 
88   Parameter Landsum(iter,Land,T,out1) Land Use Summary; 
89   Parameter Landseas(iter,Land,T,season)  Seasonal land use summary; 
90   Parameter Feedseas(iter,Crop,T,season) Seasonal Crop use summary; 
91   *Parameter haysale(iter,Crop,T)          crop sales summary; 
92   Parameter anim(iter,T,Livclass)     raised animals summary; 
93   parameter CATAUY1(iter,T)           Cattle AUY on ranch; 
94   parameter LEASAUY(iter,T)           AUY leased to others; 
95   parameter TOTAUY1(iter,T)           total AUY on ranch; 
96   parameter HV(T,iter,Type)           Normal Distribution Forage estimate; 
97   parameter AUMVAL(LAND,T)            aums available by year; 
98   parameter AUMAC1(Land,T,iter)       Acres per AUM by year and forage condition; 
99   parameter ri(iter)                  Ranch Income Summary; 
100  parameter MS(iter)                  Model status by iter; 
101 
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102  *The following Include statments must be changed for location and name of your  
      price file 
103 
104  *$Include "Z:\GAMS model\Chaves_Model\data\beefprice2005_5iter_10years.txt" 
105  $Include "Z:\GAMS model\Chaves_Model\data\beefprice_2005_100iter_40years.txt" 
106 
107  display salep; 
108 
109  * compute the number of days in each grazing season and assure total 
110  * is 365 or 366. Uses date functions from GAMs Model library calendar.gms. 
111  * Season 7 must close out the year in the following year. 
112 
113  table onday(seasonON,date1) 
114                   m        d        y 
115  seas1            3        1      2007 
116  seas2            5        1      2007 
117  seas3            6        1      2007 
118  seas4           10        1      2007 
119  seas5           11        1      2007 
120  seas6           12        1      2007 
121  seas7            3        1      2008 
122  ; 
123 
124  * "Serial" is number of days past Jan. 1, 1900 
125  onday(seasonON,"serial") = jdate(onday(seasonON,"y"), 
126    onday(seasonON,"m"),onday(seasonON,"d")); 
127 
128  onday(seasonON,"days") $ (ord(seasonON)LT card(seasonON)) = 
129     onday(seasonON+1,"serial") - onday(seasonON,"serial"); 
130 
131  onday(season,"months") = onday(season,"days")/30.41667; 
132 
133  totdays = sum(season, onday(season,"days")); 
134 
135  display onday; 
136 
137  if ((totdays = 365 or totdays = 366), display totdays; 
138  else abort "Total season days not 365 or 366, adjust dates"; 
139  ); 
140 
141  * put a one (1) in the seasons when grazed forages are to be available 
142  table avail(land, season) seasonal forage availability 
143 
144                   seas1   seas2   seas3   seas4   seas5   seas6 
145  adamscom            1      1       1        1       1        1 
146  Johnson             1      1       1        1       1        1 
147  lanepast            1      1       1        1       1        1 
148  A_B_past            1      1       1        1       1        1 
149  Mpasture            1      1       1        1       1        1 
150  IJ_past             1      1       1        1       1        1 
151  Ortiz               1      1       1        1       1        1 
152  sheep               1      1       1        1       1        1 
153  ram                 1      1       1        1       1        1 
154  Leased              1      1       1        1       1        1 
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155  ; 
156 
157  * put a one (1) in the seasons when hay can be fed. 
158  table cropaval(crop, season) seasonal crop feeding availability 
159                    seas1   seas2   seas3   seas4   seas5   seas6 
160  purchalf            1       1                       1       1 
161  ; 
162 
163  * Enter aumac=1 when units are AUMs 
164  * cropyld is tons per acre 
165  * conver = conversion factor Tons to AUMs 
166  * RELPROD = relative rangeland productivity 
167 
168  table forage(land,landitem) forage sources 
169               number      cropyld    conver    relprod   forcost 
170  adamscom     2107                    2.42      1.00       1.37 
171  Johnson      7937                    2.42      0.70       1.37 
172  lanepast     3299                    2.42      0.94       1.37 
173  A_B_past     1685                    2.42      0.77       1.37 
174  Mpasture     1430                    2.42      0.52       1.37 
175  IJ_past      4370                    2.42      0.74       1.37 
176  Ortiz        2254                    2.42      0.85       1.37 
177  sheep        3593                    2.42      1.00       1.37 
178  ram          1437                    2.42      1.00       1.37 
179  purchalf      100         1.0        2.42      1.00     200.00 
180  Leased       6000                    2.42      1.00      20.00 
181  ; 
182 
183  display forage; 
184  * Enter AU equivalencies for the animal class in each season 
185  table aue1(livclass,season) AUE for animal classes by season in year T 
186                   seas1    seas2    seas3     seas4   seas5    seas6 
187  broodcow         1.00     1.00     1.00      1.00    1.00      1.00 
188  sellbcow         1.00     1.00     1.00      1.00    1.00      1.00 
189  buybcow          1.00     1.00     1.00      1.00    1.00      1.00 
190  cullcow          1.00     1.00     1.00      1.00 
191  bull             1.25     1.25     1.25      1.25    1.25      1.25 
192  horse            1.25     1.25     1.25      1.25    1.25      1.25 
193  scalf 
194  hcalf 
195  purscalf                  0.70     0.70 
196  purhcalf                  0.70     0.70 
197  syear                                        0.50    0.50      0.60 
198  hyear                                        0.50    0.50      0.60 
199  rephcalf                                     0.50    0.50      0.50 
200  rephyear                                     0.50    0.50      0.50 
201  ; 
202 
203 
204  table aue2(livclass,season) AUE for animal classes by season in year T+1 
205                  seas1     seas2    seas3     seas4   seas5     seas6 
206  broodcow 
207  cullcow 
208  bull 
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209  horse 
210  scalf 
211  hcalf 
212  purscalf 
213  purhcalf 
214  syear            0.70     0.70     0.75 
215  hyear            0.70     0.70     0.75 
216  rephcalf 
217  rephyear         0.70     0.70      0.75      1.00    1.00      1.00 
218  ; 
219 
220 
221  table Animal(livclass,livpara) sale weights and costs by animal class 
222                buywt     salewt   deathlss     animcost 
223  broodcow                           0.01          58.50 
224  cullcow                  10.0      0.01          58.50 
225  bull                     3.33      0.01           0.0 
226  * assumptions for bull 2000 lb but kept 6 years so (20.0/6) = 3.33 
227  scalf                    5.20      0.03           0.0 
228  hcalf                    4.80      0.03           0.0 
229  syear          5.20      8.10      0.05         117.0 
230  hyear          4.80      7.70      0.05         117.0 
231  * owned yearling death loss should include both calf and yearling losses 
232  purscalf       4.00      6.60      0.03          82.0 
233  purhcalf       4.00      6.50      0.03          82.0 
234  rephcalf                           0.03           0.0 
235  rephyear                           0.02          58.50 
236  buybcow        1.00 
237  sellbcow                 1.00      0.01 
238  buybull        1.00 
239  ; 
240 
241  display Animal; 
242 
243  PARAMETERS 
244             DF(T)      Discount factor at time T; 
245             DF(T) = (1+RHO)**(-1*(ORD(T))); 
246  display DF; 
247             TLAST(T)  = YES$(ORD(T) EQ CARD(T)); 
248  DISPLAY TLAST; 
249 
250  *Calculate AUMS per Acre assuming normal distribution; 
251  *Harvestable forage after field wastages by different factors; 
252  *Harvestable forage is assumed to be 75% of the standing crop and can be  
      changed; 
253  ******************** Calculate forage available by year **********************; 
254            HV(T,iter,"1") = normal (651,200) ; 
255            HV(T,iter,"2") = max (((HV(T,iter,"1") - residual) *harvest * 2.2046)  
     / (2.47*AUMEQ),0); 
256            display HV; 
257            AUMAC1(Land,T,iter)=HV(T,iter,"2"); 
258            AUMAC1(crop,T,iter)=eps; 
259            AUMAC1("Leased",T,iter)= 1.0; 
260            display AUMAC1; 
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261 
262  POSITIVE VARIABLES 
263       Landuse(land,season,T)        Acres or AUMS of land used in year T 
264       Leasefor(season,T)            Lease an AUM of forage at year T 
265       CATAUY(T)                     cattle AUY at time t 
266       TOTAUY(T)                     total AUY at time t 
267       slacklnd(Land,T)              Unused land resources 
268       raise(livclass,T)             Raise livestock of class in year T (head) 
269       selllive(livecl,T)            Sell livestock of class in year T (cwt) 
270  *    sellcrop(crop,T)              Sell forage crop in year T 
271       feedcrop(Crop,season,T)       Feed forage crop AUMs in year T 
272       FORCOST(T)                    Forage harvest costs 
273       ANIMCOST(T)                   Animal production costs 
274       GROSS(T)                      Gross livestock returns 
275       STBORROW(T)                   Short Term Borrowing 
276       REPAYST(T)                    Repay Short Term Loan 
277       LOANCST(T)                    Principal and Interest Payments 
278  ; 
279  VARIABLES 
280       Ranchinc                      Ranch Income 
281       NET(T)                        Net livestock returns undiscounted 
282       NETDIS(T)                     Net livestock returns discounted 
283       CASHTR(T)                     Cash transfered to next period 
284       AccumSav(T)                   Accumulated Savings 
285       TERM                          Terminal Value 
286  ; 
287 
288  EQUATIONS 
289        LANDAVAL(LAND, T)    Land Use Equation 
290        AUMAVAIL1(T, season) Total AUMS available Year 1 
291        AUMAVAIL2(T, season) Total AUMS available season 1 and 2 year t 
292        AUMAVAIL3(T, season) Total AUMS available season 3 to 6 year t 
293        LEASEFORAGE(T,season)  season forage lease season 2 and 3 
294        CATTLEAUY(T)         total cattle AUY at year t 
295        TOTALAUY(T)          total AUY at year t 
296        CROPPROD(crop,T)    Production of crops 
297        BULLRAT(T)          Set Bull to cow ratio 
298        CULLRATC(T)         Set cull cow to raised cow ratio 
299        COWTRAN(T)          Cow transfer between years 
300        BULLTRAN(T)         Bull transfer between years 
301        REPTRAN(T)          Calf replacement transfer to yearling replacement 
302        MINREPLC(T)         Minimum cow replacement rate 
303        MAXREPLC(T)         Maximum cow replacement rate 
304        MINHYRC(T)          Minimum additional replacements sold 
305        RSCALFC1(T)         Raise steer calf ratio year 1 
306        RSCALFC2(T)         Raise steer calf ratio year NE 1 
307        RHCALFC1(T)         Raise heifer calf ratio year 1 
308        RHCALFC2(T)         Raise heifer calf ratio year NE 1 
309        SALES(livclass,T)   Sales transfer 
310        COSTFORC(T)         Forage Production costs at T 
311        COSTANIC(T)         Animal production costs at T 
312        GROSSRET(T)         Gross Livestock returns at T 
313        NETRET(T)           Net Livestock returns at T 
314        NETRETD(T)          Discounted net returns at T 
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315        INCOME              Ranch Income definition 
316        CASHSOUR(T)         Transfers of Cash 
317        SAVING1(T)          Accumulated Savings at time 1 
318        SAVING2(T)          Accumulated Savings at time T 
319        STREPAY(T)          Force repayment of Short-term loans 
320        LOANPAY(T)          Loan Repayment Calculation 
321        TERMVAL             Terminal Value (Net R infinitely discounted) 
322  ; 
323 
324  *Forage demand and supply equations 
325 
326  LANDAVAL(LAND,T)..  SUM(season,landuse(land,season,T))+ slacklnd(land,T)=E= 
327      forage(land,"number"); 
328  CROPPROD(CROP,T).. sum(season,feedcrop(crop,season,T))=L= 
329      sum(season,landuse(crop,season,T))* forage(crop,"cropyld"); 
330 
331  AUMAVAIL1(T, season)$(ORD(T) EQ 1)..  SUM(livclass,  
     raise(livclass,T)*aue1(livclass,season))* 
332      onday(season,"months") 
333      + SUM(livclass, raise(livclass,T-1)* aue2(livclass,  
     season))*onday(season,"months") 
334     + Leasefor(season,T) 
335      =L= SUM(land,AUMVAL(land,T)*landuse(land,season,T)* avail(land,season)) 
336      + SUM(crop,feedcrop(crop,season,T)*forage(crop,"conver")*  
          cropaval(crop,season)); 
337 
338  * Aums during season1 and season2 are carried from previous year. 
339  AUMAVAIL2(T, season)$(ORD(T) GT 1 and ORD(Season) LT 3)..  SUM(livclass,  
     raise(livclass,T)*aue1(livclass,season))* 
340      onday(season,"months") 
341      + SUM(livclass, raise(livclass,T-1)* aue2(livclass,  
         season))*onday(season,"months") 
342      + Leasefor(season,T) 
343      =L= SUM(land,AUMVAL(land,T-1)*landuse(land,season,T-1)*  
         avail(land,season))*foragedecay 
344      + SUM(crop,feedcrop(crop,season,T)*forage(crop,"conver")*  
         cropaval(crop,season)); 
345 
346  * Aums during season3  to season t are produced this year. 
347  AUMAVAIL3(T, season)$(ORD(T) GT 1 and ORD(Season) GE 3)..  SUM(livclass,  
      raise(livclass,T)*aue1(livclass,season))* 
348      onday(season,"months") 
349      + SUM(livclass, raise(livclass,T-1)* aue2(livclass,  
         season))*onday(season,"months") 
350      + Leasefor(season,T) 
351      =L= SUM(land,AUMVAL(land,T)*landuse(land,season,T)* avail(land,season)) 
352      + SUM(crop,feedcrop(crop,season,T)*forage(crop,"conver")*  
          cropaval(crop,season)); 
353 
354  LEASEFORAGE(T,season)$(ORD(Season) EQ 3)..  
         onday(season,"months")*leasefor(season-1,T) 
355       =E= onday(season-1,"months")*leasefor(season,T); 
356 
357  CATTLEAUY(T).. CATAUY(T) =E= sum(season, sum(livclass,  
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       raise(livclass,T)*aue1(livclass,season))* 
358   onday(season,"months")+ SUM(livclass, raise(livclass,T-1)* aue2(livclass,  
      season))* 
359  onday(season,"months"))/12; 
360 
361  TOTALAUY(T).. TOTAUY(T) =E= sum(season,Leasefor(season,T)/12) + CATAUY(T); 
362 
363  *Cattle transfer equations 
364  COWTRAN(T)$(ORD(T) GT 1).. raise("broodcow",T) + raise("cullcow",T) +  
          raise("sellbcow",T) 
365      =L= raise("broodcow",T-1)*(1-Animal("broodcow","deathlss")) + 
366      raise("rephyear",T-1)*(1-Animal("rephyear","deathlss")) +   
      raise("buybcow",T); 
367  BULLTRAN(T)$(ORD(T) GT 1).. raise("bull",T) =L= (1-bullrepl)*raise("bull",T- 
      1)*(1-animal("bull","deathlss")) 
368   + raise("buybull",T) ; 
369  REPTRAN(T)$(ORD(T) GT 1).. raise("rephcalf",T-1)*(1-  
         animal("rephcalf","deathlss")) 
370      =E= raise("rephyear",T); 
371  BULLRAT(T)..  raise("broodcow",T) + raise("cullcow",T) + raise("rephyear",T) 
372      =E= cowbull*raise("bull",T); 
373  CULLRATC(T)..  raise("cullcow",T) =e= minrepl*(raise("broodcow",T)+ 
374      raise("rephyear",T)); 
375  MINHYRC(T)..  Raise("hyear",T) =G= minhyear*raise("rephyear",T); 
376  MINREPLC(T)$(ORD(T) GT 1).. minrepl*(raise("broodcow",T)/(1- 
       Animal("broodcow","deathlss"))+ 
377      raise("cullcow",T)/(1-Animal("cullcow","deathlss"))) =L= 
378      raise("rephyear",T-1)*(1-Animal("rephyear","deathlss"))+ raise("buybcow",T); 
379  MAXREPLC(T).. raise("rephcalf",T) =L= maxrepl *(raise("hcalf",T) +  
      raise("hyear",T)+ raise("rephcalf",T)); 
380  RSCALFC1(T)$(ORD(T) EQ 1)..  raise("scalf",T) + raise("syear",T) =L=  
      calfcrop/2*(raise("broodcow",T) 
381  + raise("rephyear",T)); 
382  RSCALFC2(T)$(ORD(T) GT 1)..  raise("scalf",T) + raise("syear",T) =L=  
      calfcrop/2*(raise("broodcow",T) 
383  + raise("rephyear",T-1)); 
384  RHCALFC1(T)$(ORD(T) EQ 1).. raise("hcalf",T) + raise("hyear",T) +  
         raise("rephcalf",T) =L= 
385      calfcrop/2*(raise("broodcow",T) + raise("rephyear",T)) ; 
386  RHCALFC2(T)$(ORD(T) GT 1).. raise("hcalf",T) + raise("hyear",T) +  
         raise("rephcalf",T) =L= 
387      calfcrop/2*(raise("broodcow",T) + raise("rephyear",T-1)) ; 
388 
389  *Livestock sales and costs 
390  SALES(livecl,T).. selllive(livecl,T) =L= (1-Animal(livecl,"deathlss"))* 
391      Animal(livecl,"salewt")* raise(livecl,T); 
392  COSTFORC(T).. FORCOST(T) =E= SUM(season,SUM(land,landuse(Land,Season,T)*  
       forage(land,"forcost"))) 
393    + SUM(season,Leasefor(Season,T))*leasforcost ; 
394  COSTANIC(T).. ANIMCOST(T) =E=  
       (SUM(livclass,animal(livclass,"animcost")*raise(livclass,T))*(1+oploanr/2) + 
395     SUM(livclass,buypric(T,livclass)*animal(livclass,"buywt") *  
          raise(livclass,T))*(1+oploanr)) 
396      - raise("syear",T)*buypric(T,"syear")*animal("syear","buywt") 
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397     - raise("hyear",T)*buypric(T,"hyear")*animal("hyear","buywt"); 
398  * purchased animal interest charge 6 months. 
399  GROSSRET(T).. GROSS(T) =E=      
     SUM(livecl,selllive(livecl,T)*salepric(T,livecl))+leasforpric*sum(season, 
     leasefor(season,T)); 
400  LOANPAY(T)..  LOANCST(T) =E= (1+Stloanr)*repayst(T); 
401  CASHSOUR(T).. CASHTR(T) =E= Frugal*(NET(T) + Offranch - family); 
402  NETRET(T).. NET(T) =E= GROSS(T)-FORCOST(T)-ANIMCOST(T)-LOANCST(T) - fixed; 
403  NETRETD(T).. NETDIS(T) =E= NET(T)*DF(T); 
404  INCOME ..  Ranchinc =e= sum(T, NETDIS(T)); 
405  *+ TERM; 
406  SAVING1(T)$(ORD(T) EQ 1).. AccumSav(T) =e= IWEALTH + NET(T) + OFFRANCH 
407      - Family + STBORROW(T); 
408  SAVING2(T)$(ORD(T) GT 1).. AccumSav(T) =e= Frugal*AccumSav(T-1)*(1 + savrate) 
409      + NET(T) + OFFRANCH - Family + STBORROW(T); 
410  STREPAY(T).. STBORROW(T-1) =L= REPAYST(T); 
411 
412 
413  *Terminal Value - need to calculate the gross margin/head.  Divide total gross  
      margin 
414  *by expected number of brood cows, cull cows, replacement heifer calves, and 
415  *replacement heifer yearlings. 
416  TERMVAL(TLAST)..  TERM =E= ((raise("BROODCOW",TLAST)+raise("CULLCOW",TLAST) 
417       +raise("rephyear",TLAST)+raise("rephcalf",TLAST))*ENDVAL)/RHO*(1- 
           1/((1+RHO)**CARD(T))); 
418 
419  **************** Set bounds for selected variables ********************** 
420 
421  * accumsav is the minimum accumulated savings 
422  * the year01 numbers set an initial endowment of animals 
423  * the year40 numbers limit the number of replacements for the terminal value 
424 
425  accumsav.lo(T)= 10000.; 
426  *stborrow.up(T)=100000; 
427  stborrow.up(T)$(ORD(T) EQ CARD(T)) = 0; 
428  *slacklnd.up("adamscom",T)=0; 
429  raise.up("sellbcow",T)$(ORD(T) EQ 1) = 0; 
430  *raise.up("buybcow",T)=1000; 
431  *raise.lo("broodcow",T) = 0; 
432  raise.fx("broodcow",T)$(ORD(T) EQ 1) = 194; 
433  raise.fx("rephyear",T)$(ORD(T) EQ 1) = 74; 
434  *raise.up("purhcalf",T)$(ORD(T) EQ 1) = 10; 
435  *raise.up("purscalf",T)$(ORD(T) EQ 1) = 10; 
436  *raise.up("hyear",T)$(ORD(T) EQ 1) = 0; 
437  *raise.up("syear",T)$(ORD(T) EQ 1) = 0; 
438  *raise.up("rephcalf",T)$(ORD(T) EQ CARD(T)) = 60; 
439  raise.fx("horse",T)=7; 
440  ranchinc.up=5000000; 
441 
442  *************************************************************************** 
443  *Restrict forage leasing to seasons 2 and 3 
444  leasefor.up("seas1",T) = 0; 
445  leasefor.up("seas4",T) = 0; 
446  leasefor.up("seas5",T) = 0; 
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447  leasefor.up("seas6",T) = 0; 
448 
449 
450  * Restrict to specific carrying capacity (AUY/section0 
451  TOTAUY.UP(T) = 345; 
452  *************************************************************************** 
453  * You can change the name of the model to match your area.  Need to change the 
454  * name in the solve equation as well. 
455 
456  model Chavebase base level model / all /; 
457  *option lp=gamschk; 
458 
459  option lp=minos5; 
460  option limrow =40; 
461  option limcol = 40; 
462  option SOLPRINT=ON; 
463 
464  ******************* Start Loop************Start Loop**************************** 
465  loop(iter, 
466 
467  salepric(T,"cullcow")  = salep(iter,T,"cullcow"); 
468  salepric(T,"bull")     = salep(iter,T,"bull"); 
469  salepric(T,"scalf")    = salep(iter,T,"scalf"); 
470  salepric(T,"hcalf")    = salep(iter,T,"hcalf"); 
471  salepric(T,"syear") = salep(iter,T,"syear"); 
472  salepric(T,"hyear") = salep(iter,T,"hyear"); 
473  salepric(T,"purscalf") = salep(iter,T,"purscalf"); 
474  salepric(T,"purhcalf") = salep(iter,T,"purhcalf"); 
475 
476 
477  *assumes %commission of (Commiss), daily yardage fee of YARDAGE, Feed of 
478  * $SALEFEED/cwt 
479  *salepric(T,"sellbcow") = (salep(iter,T,"buybcow")*calfcrop + (1-calfcrop)* 
480  * (salep(iter,T,"cullcow")*Animal("sellbcow","salewt")))*(1-Commiss) 
481  *  - Yardage - salefeed*Animal("sellbcow","salewt")  ; 
482  salepric(T,"sellbcow") = salep(iter,T,"cullcow")*Animal("sellbcow","salewt"); 
483  buypric(T,"buybcow") = salep(iter,T,"buybcow"); 
484  buypric(T,"buybull") = 154.09 + 2.0549*buypric(T,"buybcow"); 
485  buypric(T,"purscalf") = salep(iter,T,"scalf"); 
486  buypric(T,"purhcalf") = salep(iter,T,"hcalf"); 
487  buypric(T,"syear") = salep(iter,T,"scalf"); 
488  buypric(T,"hyear") = salep(iter,T,"hcalf"); 
489 
490  AUMVAL(LAND,T) = AUMAC1(Land,T,iter)*Forage(land,"relprod"); 
491  display AUMVAL; 
492 
493  display buypric; 
494  display salepric; 
495  * Make sure the second word matches your model name specified above in the MODEL   
     statement. 
496 
497  SOLVE Chavebase USING LP MAXIMIZING ranchinc ; 
498 
499  display ranchinc.l; 
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500  display 
501       landuse.l 
502       raise.l 
503       feedcrop.l 
504       leasefor.l 
505  *    raise.up 
506       selllive.l 
507  *    sellcrop.l 
508  ; 
509 
510  Econ(iter,T,'forcost')  = forcost.L(T); 
511  Econ(iter,T,'animcost') = animcost.L(T); 
512  Econ(iter,T,'loancst')  = loancst.L(T); 
513  Econ(iter,T,'totcost')  = forcost.L(T) + animcost.L(T) + loancst.L(T); 
514  Econ(iter,T,'gross')    = gross.L(T); 
515  Econ(iter,T,'Repgross') = raise.L("rephcalf",T)*salepric(T,"hcalf")* 
516  animal("hcalf","salewt")+ raise.L("rephyear",T)*salepric(T,"hyear")* 
517  animal("hyear","salewt"); 
518  Econ(iter,T,'Net')      = Net.L(T); 
519  Econ(iter,T,'netdisc')  = Netdis.L(T); 
520  Econ(iter,T,'cashtr')   = cashtr.L(T); 
521  Econ(iter,T,'accumsav') = accumsav.L(T); 
522  Econ(iter,T,'stborrow') = stborrow.L(T); 
523  Econ(iter,T,'repayst')  = repayst.L(T); 
524 
525  display Econ; 
526 
527 
528  if ((totdays = 365 or totdays = 366), display totdays; 
529  else abort "Total season days not 365 or 366, adjust dates"; 
530  ); 
531 
532  Landsum(iter,Land,T,'acres')   = sum(season,landuse.L(land,season,T)); 
533  Landsum(iter,Land,T,'cost')  =  
     sum(season,landuse.L(land,season,T))*forage(land,"forcost"); 
534  Landsum(iter,Land,T,'Slack')  = slacklnd.L(land,T); 
535  Landsum(iter,Land,T,'Total')  = sum(season,landuse.L(land,season,T)) +       
     slacklnd.L(land,T); 
536  Landsum(iter,Land,T,'Shadow') = slacklnd.m(land,T); 
537  Landsum(iter,Land,T,'kgha') = HV(T,iter,"1"); 
538  Landsum(iter,Land,T,'aumac')= AUMVAL(LAND,T); 
539  Landsum(iter,Land,T,'AUMS')   = Landsum(iter,Land,T,'acres')*AUMVAL(Land,T); 
540 
541  CATAUY1(iter,T) = CATAUY.L(T); 
542  LEASAUY(iter,T) = sum(season,Leasefor.L(season,T)/12); 
543  TOTAUY1(iter,T) = TOTAUY.L(T); 
544 
545 
546  Landseas(iter,Land,T,'seas1') = landuse.L(land,'seas1',T); 
547  Landseas(iter,Land,T,'seas2') = landuse.L(land,'seas2',T); 
548  Landseas(iter,Land,T,'seas3') = landuse.L(land,'seas3',T); 
549  Landseas(iter,Land,T,'seas4') = landuse.L(land,'seas4',T); 
550  Landseas(iter,Land,T,'seas5') = landuse.L(land,'seas5',T); 
551  Landseas(iter,Land,T,'seas6') = landuse.L(land,'seas6',T); 
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552 
553  Feedseas (iter,Crop,T,'seas1') = Feedcrop.L(crop,'seas1',T); 
554  Feedseas (iter,Crop,T,'seas2') = Feedcrop.L(crop,'seas2',T); 
555  Feedseas (iter,Crop,T,'seas3') = Feedcrop.L(crop,'seas3',T); 
556  Feedseas (iter,Crop,T,'seas4') = Feedcrop.L(crop,'seas4',T); 
557  Feedseas (iter,Crop,T,'seas5') = Feedcrop.L(crop,'seas5',T); 
558  Feedseas (iter,Crop,T,'seas6') = Feedcrop.L(crop,'seas6',T); 
559 
560  *Haysale(iter,Crop,T) = sellcrop.L(crop,T); 
561 
562  anim(iter,T,"broodcow") = raise.L("broodcow",T); 
563  anim(iter,T,"cullcow")  = raise.L("cullcow",T); 
564  anim(iter,T,"bull")     = raise.L("bull",T); 
565  anim(iter,T,"horse")    = raise.L("horse",T); 
566  anim(iter,T,"scalf")    = raise.L("scalf",T); 
567  anim(iter,T,"hcalf")    = raise.L("hcalf",T); 
568  anim(iter,T,"syear")    = raise.L("syear",T); 
569  anim(iter,T,"hyear")    = raise.L("hyear",T); 
570  anim(iter,T,"purscalf") = raise.L("purscalf",T); 
571  anim(iter,T,"purhcalf") = raise.L("purhcalf",T); 
572  anim(iter,T,"rephcalf") = raise.L("rephcalf",T); 
573  anim(iter,T,"rephyear") = raise.L("rephyear",T); 
574  anim(iter,T,"buybcow")  = raise.L("buybcow",T); 
575  anim(iter,T,"sellbcow") = raise.L("sellbcow",T); 
576  anim(iter,T,"buybull")  = raise.L("buybull",T); 
577 
578  *Options display AUY; 
579 
580  ri(iter)=ranchinc.L; 
581  MS(iter)=chavebase.modelstat; 
582  ); 
583 
584  * END iter loop with ); above 
585 
586  options decimals=1; display feedseas; 
587  options decimals=1; display Econ; 
588  options decimals=1; display Landsum; 
589  options decimals=1; display anim; 
590 
591  put returns 'run' 'year' 'iter' ; 
592  loop(costsum, put costsum.tl); 
593  loop(iter, 
594  loop(T, 
595   put / 'Base' T.te(T); 
596   put iter.te(iter); 
597  loop (Costsum, put Econ(iter,T,costsum)))); 
598 
599  put foragsum 'Run' 'Landtype' 'year' 'iter' ; 
600  loop(out1, put out1.tl); 
601  loop(iter, 
602    loop(land, loop(T, 
603      put /'Base'  Land.te(Land), T.te(T), iter.te(iter); 
604           loop(out1, put landsum(iter,Land,T,out1))))); 
605 
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606  put lndsum 'Run' 'landtype' 'year' 'iter' ; 
607   loop(season, put season.tl); 
608   loop(iter, 
609     loop(land, loop(T, 
610   put / 'Base' Land.te(Land), T.te(T); 
611   put iter.te(iter); 
612   loop (season, put Landseas(iter,Land,T,season))))); 
613 
614  put feedsum 'Run' 'crop' 'year' 'iter'  ; 
615   loop(season, put season.tl); 
616   loop(iter, 
617     loop(Crop, loop(T, 
618   put /"Base" Crop.te(Crop), T.te(T); 
619   put iter.te(iter); 
620   loop (season, put Feedseas(iter,Crop,T,season))))); 
621 
622  put haysum 'Run' 'Crop' 'year' 'iter'  'Tonsold'; 
623  loop(iter, 
624    loop(crop, loop(T, 
625      put /"Base" Crop.te(Crop), T.te(T), iter.te(iter)))); 
626  *     put haysale(iter, crop,T)))); 
627 
628  put raisesum 'Run' 'Year' 'iter' 'LEASAUY' 'CATAUY' 'TOTAUY'; 
629  loop(livclass, put livclass.tl); 
630  loop(iter, 
631     loop(T, put /"Base" T.te(T); 
632  put iter.te(iter); 
633  *loop (T, put LEASEFOR(Season, T); 
634  put LEASAUY(ITER,T); 
635  put CATAUY1(ITER,T); 
636  put TOTAUY1(ITER,T); 
637      loop(livclass, put anim(iter,T,Livclass)))); 
638 
639  put risum 'Run' 'iter'  'ObjFun' 'Model Status'; 
640  loop(iter, 
641  put /"Base" iter.te(iter), ri(iter),MS(iter)); 
642  /* 
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