AAE 320 Problem Set #3 		Name:_______KEY______________   Due Oct 7, 2022

1) You are a beef farmer deciding on your ration for steers on your feedlot.  You used your records and data from a local consultant to estimate the amount of hay and grain to put 500 pounds of gain on your cattle.  You have constructed the table below.  Fill in the table below and answer the following questions.

Table for part a when treating hay as input X and grain as input Y
	Hay (X)
(lbs/animal)
	Grain (Y)
(lbs/animal)
	Marginal Rate of Technical Substitution
	
Price Ratio

	2,700
	880
	
	Part a   Part b

	2,380
	1,050
	0.375
	1.25      1.50

	2,170
	1,170
	0.727
	1.25      1.50

	1,960
	1,320
	0.900
	1.25      1.50

	1,840
	1,470
	1.250
	1.25      1.50

	1,680
	1,680
	1.313
	1.25      1.50

	1,570
	1,860
	1.636
	1.25      1.50You can do either version of table. 




Table for part a when treating hay as input Y and grain as input X
	Hay (Y)
(lbs/animal)
	Grain (X)
(lbs/animal)
	Marginal Rate of Technical Substitution
	
Price Ratio

	2,700
	880
	
	Part a   Part b

	2,380
	1,050
	1.882
	0.80      0.667

	2,170
	1,170
	1.833
	0.80      0.667

	1,960
	1,320
	1.333
	0.80      0.667

	1,840
	1,470
	0.800
	0.80      0.667

	1,680
	1,680
	0.762
	0.80      0.667

	1,570
	1,860
	0.611
	0.80      0.667



a) If the price of grain is $240/ton and the price of hay is $300/ton, what is the economically optimal amount of grain and hay to feed to your cattle? (You may need to interpolate between entries on the table.) 

For the 1st table (hay as X and grain as Y)
   First MRTS entry as an example: –Y/X = – (1050 – 880) / (2380 – 2700) = 0.531 
   Price ratio is rx / ry = 300 / 240 = 1.25

For the 2nd table (grain as X and hay as Y)
   First MRTS entry as an example: –Y/X = – (2380 – 2700) / (1050 – 880) = 1.882
   Price ratio is rx / ry = 240 / 300 = 0.80

Optimal input use is where MRTS = price ratio. The price ratio is 1.25 or 0.80 on the table as indicated by the maroon arrow. For both version of the table, this occurs with Hay = 1,840 pounds and Grain = 1,470 pounds, which are the optimal amounts to feed. 

b) What is the economically optimal amount of grain and hay to feed your cattle if the price of grain decreases to $200/ton and the price of hay remains at $300/ton? (You may need to interpolate between entries on the table.)

For the 1st table: Price ratio is rx / ry = 300 / 200 = 1.50
For the 2nd table: Price ratio is rx / ry = 200 / 300 = 0.667

Optimal input use is where MRTS = price ratio. The price ratio is 1.50 or 0.667 between entries on the table noted by the green arrow and box, so use linear interpolation. The formula is , where A is the MRTS and B is Hay or Grain. 
Using the top table:	 = 1,616 lbs

				 = 1,784 lbs

Using the bottom table:	 = 1,611 lbs

				 = 1,793 lbs

Note that you can use either version of the table and do not have to do both. Also notice how the two tables each give you different answers here. This is due to the inexact nature of the linear interpolation, because the actual underlying curves are non-linear curves. This is another reason why using calculus is a preferred method

2) You have a summer internship with a swine company.  Their scientists give you the following production function for the final weight for feeder pigs bought to feed and sell as hogs:  
W = – 1800 + 9C + 6S – 0.06C2 – 0.08S2 + 0.11CS, 
where W is each hog’s final weight in pounds, C is pounds of ground corn consumed and S pounds of soybean meal consumed.  Answer the following questions:

a) If the price of hogs is $105/cwt (hundredweight), the price of ground corn is $200/ton, and the price of soybean meal is $400/ton, what are each of these prices in $ per pound? Note 1 cwt equals 100 pounds and a ton is 2,000 pounds.

,  ,  

b) How much ground corn and soybean meal is it economically optimal to feed the feeder pigs?  First write out the profit equation using the prices in $ per pound.  Second, take the two first derivatives and set them equal to zero.  Third, solve these two equations for S and C.  Fourth, check the second order conditions.

 = 1.05(– 1800 + 9C + 6S – 0.06C2 – 0.08S2 + 0.11CS) – 0.1C – 0.2S

The partial derivatives of this function with respect to C and S give the following FOC’s:
FOC for C: 	1.05(9 – 0.12C + 0.11S) – 0.1 = 0
FOC for S: 	1.05(6 – 0.16S + 0.11C) – 0.2 = 0

Several ways exist to solve these two equations for the two variables C and S.  I lay out a process below, but it is not the only way. Rearranging the FOC for C gives 
1.05(9 – 0.12C + 0.11S) = 0.1
9 – 0.12C + 0.11S = 0.1/1.05 = 0.095
8.905 + 0.11S = 0.12C
C = 8.905/0.12 + (0.11/0.12)S    or       C = 74.2 + 0.917S

Simplify the FOC for S, then substitute this expression for C into it and solve for S:
1.05(6 – 0.16S + 0.11C) – 0.2 = 0
6 – 0.16S + 0.11C = 0.2/1.05 = 0.19
6 – 0.16S + 0.11(74.2 + 0.917S) = 0.19
6 – 0.16S + 8.16 + 0.101S = 0.19
14.16 – 0.059S = 0.19
14.16 – 0.19 = 13.97 = 0.059S
S = 13.97/0.059 = 236.8 lbs of soybean meal, but answers will vary slightly due to rounding differences. Without rounding, the answer is 236.1502… lbs

Use this S to find C: 
C = 74.2 + 0.917S = 74.2 + 0.917(236.8) = 291.3 lbs of corn, but again answers will vary slightly due to differences in rounding. Without rounding the answer is 290.6774… lbs

First I report the second derivatives of , then check the SOC’s.  
d2/dC2 = 1.05(–0.12) = –0.126
d2/dS2 = 1.05(–0.16) = –0.168
d2/dCdS = 1.05(0.11) = +0.1155

SOC’s
d2/dC2 = –0.126 < 0 satisfied
d2/dS2 = –0.168 < 0 satisfied
(d2/dC2)(d2/dS2) – (d2/dCdS)2 = (–0.126)(–0.168) – (0.1155)2 = 0.00783 > 0
All three SOC’s are satisfied for a maximum.  

c) When feeding these levels of S and C, what is the final weight of the hogs?  

Substitute the optimal C and S found in part a into the weight function:
W = – 1800 + 9C + 6S – 0.06C2 – 0.08S2 + 0.11CS
W = – 1800 + 9(291.3) + 6(236.8) – 0.06(291.3)2 – 0.08(236.8)2 + 0.11(291.3)(236.8)
W = 253.0 lbs is the final weight. Answers will vary slightly due to rounding differences. Without rounding, the answer is 252.831 lbs.

d) When feeding these levels, what is the net return per feeder pig?  Assume net return per pig is p = pW – rcC – rsS – 100, where p, rc and rs are the prices of hogs, ground corn and soybean meal in $ per pound and $100 is all other costs as $ per pig.  

Substitute the results from above into the given returns function:
 = pW – rcC – rsS – 65
 = 1.05(253) – 0.1(291.3) – 0.2(236.8) – 100 = $89.16 per pig. Answers will vary slightly due to rounding differences. Without rounding, the answer is $89.1751/pig
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