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It is widely known that risk combined with the time value of money is very important in the business world.  In actuality, this concept can be applied to most aspects of one’s life.   It strongly confirms the concept of opportunity costs and what can be gained or lost because of decisions that are made involving risk.  In investing, decisions are based on minimizing opportunity cost and maximizing returns.  One area in society that lacks the concept of risk combined with the time value of money, is the housing market, in particular the “subject-to” portion of a sale’s contract.  In order to explore the value of the “subject-to” period, the concept of purchasing options on an asset in the stock market will be applied to the housing market.  Essentially, when you purchase an option (and choose to exercise it) you are increasing your fixed cost in order to decrease your exposure to short-term market volatility.  However, applying production theory increases fixed costs to reduce long-term variable cost. Concentrating on the housing market, other options are examined that potentially decrease owners’ volatility and risk by increasing their fixed costs.
Currently, the procedure for the sale of a house first involves negotiating a price and then determining the “subject-to” period.  The subject-to period typically is the time frame in which the purchaser has the option of backing out of the sale if certain “subject-to” requirements are not met.  For instance, the sale of the house may be subject-to financing for the purchaser, subject-to the sale of their current house, or subject-to a satisfactory home inspection.  When the duration of a subject-to period is negotiated between a buyer and seller, it does not affect the final price of the house.  However, in a dynamic and volatile market, the length of the subject-to period can create considerable risks and opportunity costs to both parties.  Using option theory we will demonstrate that the agreed to sale price of a house should take into account a value for the length of the subject-to period and market volatility.  Before a price is determined between the buyer and the seller, the subject-to period and the volatility of the market should be determined and a portion of the final house price should be paid to the seller at the time the contract is drawn up in the form of a deposit that can only be refunded if there is something materially wrong with the structure of the house.
Black-Scholes option theory determines the value of an option on an asset that gives the right but not the obligation over a specified time to purchase the asset.  This derivative guarantees a specific sale price of the asset should you choose to purchase it at some date in the future.  Typically, an option hedges against the risk of a volatile market.  An option can minimize a loss, as well as minimize a gain in the stock market, and therefore reduces the investor’s exposure to market volatility.  
In order to minimize one’s exposure to housing market volatility, whether you are the buyer or the seller, it is suggested that an option be calculated for the house, similar to that on stock.  If we apply Black-Scholes option theory to the housing market with a known volatility and duration of the subject-to period, a value of a call-option on the house can be determined.  The option value is what the purchaser must provide to the buyer at the beginning of the subject-to period.  Thereby, the purchaser is putting down a non-refundable portion of the final sale price of the house in advance of them gaining possession.  
This housing call-option model will function the same as it does in the stock market, which is to hedge against the risk of market volatility during this period.  Presently in the real estate market, buyers typically have a subject-to financing clause.  Savvy investors will attempt to make this time period as long as possible, waiting to see if the market goes up or down.  If the market goes up, the investor will proceed with the purchase, if the market goes down, it is easy to say that financing fell through and walk away from the deal.  Because the sale was subject-to financing that did not materialize, the buyer would be entitled to a refund of any deposit or down payment.  If the actions of the buyer seem fraudulent, the seller would have to go through expensive legal proceedings to receive any damages.  The seller has lost the sale; time in the market; as well as, the value of the home has decreased with no compensation for the subject-to time period opportunity cost of the value of the home.
What we are suggesting is that in order for the seller of the property to hedge against the risk of a volatile market and be compensated for the risk of the sale falling through during or at the end of the subject-to period, the purchaser should be required to buy a call-option on the asset, on the first day of the subject-to period from the seller.  This call-option will guarantee the purchaser the right to buy the house at the end of the subject-to period at the pre-specified price of the house on the day the contract is drawn.  If the market has increased over the subject-to period it is in the purchaser’s best interest to exercise the option, however if the market decreases, the house value must decrease greater than the cost of the option in order for it not to be in the purchaser’s best interest to exercise the option.

The call option allows the seller of the property to hedge against the risk of a falling market over the subject-to period if the sale were to fall through, as well as, hedge against the chance that the house could be worth more at the end of the subject-to period and have not asked enough for the house.  As they have now been financially compensated for the market volatility risk and the time of the subject-to period in advance.

Therefore, both the seller and the purchaser of the property are hedging themselves against the risk that the house will change in value over the subject-to period.  As this is a determined cost that is added to the negotiated price of the asset, there is an increase in the fixed cost on the asset.  Meaning there is a larger sum of money required for the ownership of the asset.
The application of option theory to the housing market was demonstrated when our classmate was reporting her experience of purchasing a new house in Victoria.  She was shocked that the contractor required $25,000 to be held in-trust with her lawyer in order to guarantee the purchase of the house in four months time.  The volatility of the market in the Saanich West area of Victoria was determined (see Appendix A) and the following calculations determine what we suggest should be the price of the call-option on her property.
d1=(ln(S/K) + (r + σ2 /2)T) /  (σ√T )
d2 = d1 - ( σ√T )
C = SN(d1) – Ke-rTN(d2)
Where: C is the value of the call option
σ  = volatility

T = length of the subject-to period

Table 1
	 
	 
	 
	 
	 
	 
	 

	New Single Family Detached Home in Saanich West (Greater Victoria)

	 
	
	
	
	
	
	 


	 
	
	Actual Scenario
	
	Theoretical Scenario

	 
	
	 
	 
	
	 
	 

	Posession Date
	01-Jul-08
	01-Oct-08
	
	01-Jul-08
	01-Oct-08

	Strike Price (K)
	$       500,000
	 $       500,000 
	
	 $    525,000 
	 $    525,000 

	Theoretical Spot Market Price March 1,2008 (S)
	 $       519,941 
	 $       513,137 
	
	 $    525,000 
	 $    525,000 

	Time (T)
	0.333
	0.583
	
	0.333
	0.583

	Market volatility (σ) (see Appendix A)
	8.11%
	8.11%
	
	8.11%
	8.11%

	Risk free rate ®
	3.00%
	3.00%
	
	3.00%
	3.00%

	 
	 
	 
	
	 
	 

	d1
	2.96805
	1.34001
	
	2.13283
	0.92130

	d2
	2.92122
	1.27807
	
	2.08601
	0.85936

	 
	 
	 
	
	 
	 

	Call option price
	 $        25,000 
	 $        25,000 
	
	 $        6,188 
	 $      16,059 

	 
	 
	 
	 
	 
	 


To the contrary, our classmate commented that luckily her non-refundable deposit is held in trust with her lawyer for only four months, and she will take possession of her new house on July 1, 2008, however, there are other people that have paid the same $25,000 non-refundable deposit on houses in the same neighbourhood and they will not take possession of there finished houses until October, 2008.  The non-refundable deposit is similar in function to a call option.  Although our classmate feels lucky in this situation, her option was actually over valued compared to the other buyers, meaning that the March 1 market prices for identical homes in the same neighbourhood were materially different.  The other buyers are paying less for their homes because their option duration is longer yet they are paying the same deposit.

The call-option price in the two previous examples are for equivalent brand new houses in the same neighbourhood with no structural issues that would change the value of the house or the value of the option in any way.  This is consistent with the stock market, where shares of the same class, in the same company are interchangeable.  However, if we look at the sale of a previously owned house, we may find that in order for the option theory to derive an effective call-option price contract, subject-to issues resulting from unsatisfactory home inspections need to be mitigated.  The seller should have a home inspection report available prior to allowing a subject-to inspection clause.  This way, to receive their deposit back, the buyer would have to prove that there was something wrong with the house that was not covered in the seller’s inspection report.  There is always something wrong with a used house; by providing a pre-contract inspection it will be more difficult for a buyer to subjectively back out of the sale.  
The volatility and risk free rates used in Table 1, in retrospect, should be adjusted upward to reflect the low liquidity of the housing market and the fact that price volatility and sales volume volatility should be combined (see appendices A and B).
Production Theory and Housing
Option Theory dictates increasing the fixed cost of an asset (with options) in order to decrease exposure to short-term market volatility, however, production theory increases fixed costs to reduce long-term variable costs.  The application of production theory to the housing market brings awareness to the observable economic trend of increases in higher fixed costs in single family dwellings.  Broadly, this means that people are building bigger houses with a greater emphasis on energy saving features and they are interested in leveraging the biggest house their income will allow for.  In many ways, by building bigger, more efficient houses earlier in their lives, people are reducing the housing risk associated with the uncertainty of variable costs in the future.  They are reducing risk involved with upgrading to a larger house in the future, when they may be in need of more space.  They are now thinking long-term, accepting higher fixed costs for less uncertainty.  Longer term mortgages reduce exposure to interest rate volatility, but have higher interest rates (higher fixed costs). Because of the higher fixed costs, it is less likely that one will need to move or sell their home.  The risks involved with moving and selling a house may be those such as the current house not selling, losing money on the purchase or sale of the property, leaving a neighbourhood with established friendships, as well as other stresses that may occur in the midst of moving.  Variable costs associated with selling one’s house and buying another include real estate commissions, moving expenses, legal fees, and the possibility of carrying two houses until the first home sells.  
Just as “the power of a firm can be maintained or enhanced by further reducing diffusion or by increasing fixed cost, both reducing variable costs,”(Chen 2005, p.103)  the power of an asset can be increased in the same way.  Typically, larger investments in fixed costs should experience larger capital gains for the same percentage increase in prices over the long run. 

Continuing with the theory that higher fixed costs in the housing market decrease one’s volatility exposure, increasing square footage is only one dimension of fixed housing costs, there should be a focus on upgrading homes to be more energy efficient.  For example, currently, utility bills are increasing in price as the value of natural gas increases.  Utility bills are a monthly variable cost for a homeowner.  Reducing energy consumption reduces exposure to volatile energy markets. With the implementation of a geothermal energy system it is typical to experience very high initial fixed costs, but the pay-off of the system is the near elimination of variable heating bills and the probability of the investment paying for itself within 10 years.  Other high fixed cost energy efficient concepts that serve to limit the variable costs linked to volatile commodity prices include things such as extra or more effective insulation in outside walls, putting in low-flush toilets, solar panel water heating, the updating of windows, and the upgrading of major appliances to those that meet Energy-Star standards.  Another common trend is to see increases in garage space, which increases the fixed cost of the property, but decreases the risk of damage or theft to vehicles and other possessions that would otherwise be kept outside. 
Tables 3, 4 and 5 show different housing scenarios and their expected payoffs.  In Table 2, the value of housing is kept constant.  The best strategy is to rent if frequent moves are anticipated and buy the least expensive house if moving will be infrequent.  In Table 3 the best strategy is to rent if frequent moves are anticipated and buy the most expensive home if moving will be infrequent.  In Table 4, the effect of a small increase in interest rates is illustrated.  This shows the importance of having a fixed borrowing rate when making a large fixed cost purchase such as housing.
Table 2
	Value of Housing Kept Constant With Increasing Fixed Costs, R=5%

	 
	One Move Every 21 Years
	Move Every 3 Years

	S
	 $  18,000 
	 $     18,000 
	 $  18,000 
	 $  18,000 
	 $   18,000 
	 $  18,000 

	K
	 $250,000 
	 $   350,000 
	 $450,000 
	 $250,000 
	 $ 350,000 
	 $450,000 

	R
	5%
	5%
	5%
	5%
	5%
	5%

	T
	60
	60
	60
	60
	60
	60

	σ
	0.236
	0.273
	0.309
	0.625
	0.722
	0.818

	d1
	1.117
	1.072
	1.106
	2.499
	2.801
	3.133

	d2
	-0.714
	-1.041
	-1.289
	-2.346
	-2.789
	-3.202

	 
	
	
	
	
	
	 

	 
	
	
	
	
	
	 

	c
	 $  12,667 
	 $     12,851 
	 $  13,369 
	 $  17,770 
	 $   17,908 
	 $  17,969 

	 
	
	
	
	
	
	 

	Q
	60
	
	
	
	
	 

	Return 
	6.70%
	-3.73%
	-14.79%
	-19.78%
	-27.69%
	-34.71%


Table 3
	Value of Housing Increasing With Increasing Fixed Costs, R=5%

	 
	One Move Every 21 Years
	Move Every 3 Years

	S
	 $  16,000 
	 $     20,000 
	 $  24,000 
	 $  16,000 
	 $   20,000 
	 $  24,000 

	K
	 $250,000 
	 $   350,000 
	 $450,000 
	 $250,000 
	 $ 350,000 
	 $450,000 

	R
	5%
	5%
	5%
	5%
	5%
	5%

	T
	60
	60
	60
	60
	60
	60

	σ
	0.266
	0.245
	0.232
	0.702
	0.650
	0.613

	d1
	1.152
	1.023
	0.936
	2.764
	2.543
	2.390

	d2
	-0.908
	-0.878
	-0.860
	-2.671
	-2.488
	-2.361

	 
	
	
	
	
	
	 

	 
	
	
	
	
	
	 

	c
	 $  11,741 
	 $     13,629 
	 $  15,442 
	 $  15,907 
	 $   19,778 
	 $  23,594 

	 
	
	
	
	
	
	 

	Q
	60
	
	
	
	
	 

	Return
	0.58%
	2.72%
	4.51%
	-22.68%
	-24.73%
	-25.90%

	 
	 
	 
	 
	 
	 
	 


Table 4

	Value of Housing Increasing With Increasing Fixed Costs, R=6%

	 
	One Move Every 21 Years
	Move Every 3 Years

	S
	 $  16,000 
	 $     20,000 
	 $  24,000 
	 $  16,000 
	 $   20,000 
	 $  24,000 

	K
	 $250,000 
	 $   350,000 
	 $450,000 
	 $250,000 
	 $ 350,000 
	 $450,000 

	R
	6%
	6%
	6%
	6%
	6%
	6%

	T
	60
	60
	60
	60
	60
	60

	σ
	0.266
	0.245
	0.232
	0.702
	0.650
	0.613

	d1
	1.443
	1.339
	1.270
	2.874
	2.662
	2.517

	d2
	-0.617
	-0.563
	-0.526
	-2.561
	-2.369
	-2.235

	 
	
	
	
	
	
	 

	 
	
	
	
	
	
	 

	c
	 $  12,973 
	 $     15,451 
	 $  17,869 
	 $  15,932 
	 $   19,837 
	 $  23,702 

	 
	
	
	
	
	
	 

	Q
	60
	
	
	
	
	 

	Return
	-6.88%
	-6.22%
	-5.55%
	-22.81%
	-24.96%
	-26.24%

	 
	 
	 
	 
	 
	 
	 


Market Competitive Dynamics

Actual 2007 home and condominium prices in Saanich-west are shown in Table 5. An assumption is made that consumers of housing value housing at $400 to $500 dollars per month, per person.  So a family of five may value housing at $2,000 per month, $24,000 per year, and a young couple may value housing at $1,000 per month, $12,000 per year.

Table 5

	Housing Market vs. Rental Market

	 
	One Move Every 21 Years
	Move Every 3 Years

	 
	Family
	
	Landlord
	Couple

	S
	 $  24,000 
	
	 $  12,000 
	 $  12,000 
	 $   12,000 
	 $  12,000 

	K
	   465,000 
	
	   240,000 
	   240,000 
	              0 
	     80,000 

	R
	5.0%
	
	5.0%
	5.0%
	5.0%
	5.0%

	T
	60
	
	60
	60
	60
	60

	σ
	0.232
	
	0.232
	0.278
	0.278
	0.278

	d1
	0.919
	
	0.901
	1.079
	7.257
	1.589

	d2
	-0.878
	
	-0.896
	-1.075
	5.104
	-0.565

	 
	
	
	
	 
	
	 

	c
	 $  15,305 
	
	 $    7,583 
	 $    8,628 
	 $   12,000 
	 $  10,188 

	Q
	60
	
	60
	60
	60
	60

	Return
	4.02%
	 
	3.54%
	-5.10%
	0.00%
	4.07%

	 
	 
	 
	 
	 
	 
	 


See appendix C for Volatility
The young couple will be more likely to move frequently, increasing the expense of owning their residence due to real estate commissions.  Production  theory shows us that if the family buys a house and lives in it for a long time, they will have a positive return;  if the couple buys a house, but they only value housing at $12,000 per year they will lose money, even if they stay for a long time;  if a landlord buys a condominium to rent, he will have a large market of young couples, lowering the chance of being without tenants, thereby lowering the volatility of rental income and he will make a profit.  Whether or not the couple anticipates moving for work, they will not stay in a condominium for a long time because they are likely to start a family, making the purchase of a condominium a poor investment.  If the young couple rents, there fixed costs are zero and they will eliminate any chance of a loss or a gain.  The young couple should only purchase a condominium if the price is low, or if they plan on renting the condominium after they buy a house.  The point of this analysis is to show how the single family dwelling housing market does not cater to the more volatile rental market.  Instead landlords are able to provide housing to this market while at the same time lowering the overall volatility of variable costs, something the tenants are not able to do on their own. 
In conclusion, we suggest that Black-Scholes option theory be applied to the real estate market in order to quantitatively compensate for the risks associated to pre-selling periods and subject-to periods and to give value to the opportunity cost of these time period.  An Analytical Thermodynamic Theory (Chen, 2007) gives quantitative support to what some people intuitively know, that is, to decrease variable costs associated with home ownership we should increase the fixed cost investment in our homes and that the expected duration of home ownership should positively influence our investment in housing fixed costs. We suggest that increases in square footage are only one strategy used to decrease the variable cost volatility related to home ownership and that there are many energy efficient options available to decreases one’s variable costs associated with the future uncertainty of energy and water supplies.  The different values homeowners subjectively place on home features such as location, layout, and curb appeal can be related to the value of a homes output, influencing how much to spend on fixed costs. We have found that the prime consideration for how much to invest in fixed costs is greatly influenced by discount rates and expected duration of ownership.  In the case of housing, ownership duration is not the same as project duration.  Ownership duration is generally much less than the life expectancy of a house.  The impact of ownership duration shows up in the volatility of home “output”.  Real estate fees and moving expenses for one move can easily exceed the annual output of a home.  
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Appendix A
Single Family Residential Average Price and Annual Sales Volatility
	Saanich West
	 
	% Change
	Deviation
	Dev sqrd
	
	Saanich West
	 
	% Change
	Deviation
	Dev sqrd

	Year
	
	Price
	
	
	 
	
	Year
	
	Units
	
	
	 

	1995
	
	$211,927
	
	
	 
	
	1995
	
	340
	
	
	 

	1996
	
	$215,630
	2%
	-5%
	0.28%
	
	1996
	
	399
	17%
	13%
	1.61%

	1997
	
	$217,010
	1%
	-6%
	0.41%
	
	1997
	
	406
	2%
	-5%
	0.28%

	1998
	
	$225,460
	4%
	-3%
	0.10%
	
	1998
	
	353
	-13%
	-20%
	4.04%

	1999
	
	$214,905
	-5%
	-12%
	1.37%
	
	1999
	
	355
	1%
	-6%
	0.42%

	2000
	
	$219,146
	2%
	-5%
	0.26%
	
	2000
	
	339
	-5%
	-12%
	1.33%

	2001
	
	$228,093
	4%
	-3%
	0.09%
	
	2001
	
	474
	40%
	33%
	10.75%

	2002
	
	$244,035
	7%
	0%
	0.00%
	
	2002
	
	511
	8%
	1%
	0.01%

	2003
	
	$282,820
	16%
	9%
	0.78%
	
	2003
	
	472
	-8%
	-15%
	2.15%

	2004
	
	$333,623
	18%
	11%
	1.19%
	
	2004
	
	434
	-8%
	-15%
	2.28%

	2005
	
	$408,886
	23%
	16%
	2.41%
	
	2005
	
	483
	11%
	4%
	0.18%

	2006
	
	$419,375
	3%
	-4%
	0.20%
	
	2006
	
	403
	-17%
	-24%
	5.57%

	2007
	
	$465,000
	11%
	4%
	0.15%
	
	2007
	
	512
	27%
	20%
	4.00%

	2008
	
	
	
	
	 
	
	2008
	
	
	
	
	 

	 
	 
	 
	Volatility
	 
	8.11%
	
	 
	 
	 
	Volatility
	 
	17.22%


Appendix B

Condominium Average Annual Price and Sales Volatility 
	Saanich West
	 
	% Change
	Deviation
	Dev sqrd
	
	Saanich West
	 
	% Change
	Deviation
	Dev sqrd

	Year
	
	Price
	
	
	 
	
	Year
	
	Units
	
	
	 

	1995
	
	$125,297
	
	
	 
	
	1995
	
	97
	
	
	 

	1996
	
	$123,812
	-1%
	-8%
	0.68%
	
	1996
	
	114
	18%
	11%
	1.11%

	1997
	
	$120,644
	-3%
	-10%
	0.92%
	
	1997
	
	76
	-33%
	-40%
	16.24%

	1998
	
	$115,673
	-4%
	-11%
	1.25%
	
	1998
	
	65
	-14%
	-21%
	4.60%

	1999
	
	$104,706
	-9%
	-17%
	2.73%
	
	1999
	
	74
	14%
	7%
	0.47%

	2000
	
	$91,738
	-12%
	-19%
	3.77%
	
	2000
	
	53
	-28%
	-35%
	12.49%

	2001
	
	$93,433
	2%
	-5%
	0.27%
	
	2001
	
	76
	43%
	36%
	13.27%

	2002
	
	$104,864
	12%
	5%
	0.27%
	
	2002
	
	84
	11%
	4%
	0.13%

	2003
	
	$124,427
	19%
	12%
	1.35%
	
	2003
	
	93
	11%
	4%
	0.14%

	2004
	
	$146,070
	17%
	10%
	1.07%
	
	2004
	
	107
	15%
	8%
	0.65%

	2005
	
	$180,306
	23%
	16%
	2.69%
	
	2005
	
	126
	18%
	11%
	1.16%

	2006
	
	$211,500
	17%
	10%
	1.05%
	
	2006
	
	148
	17%
	10%
	1.10%

	2007
	
	$240,000
	13%
	6%
	0.41%
	
	2007
	
	168
	14%
	7%
	0.43%

	2008
	
	
	
	
	 
	
	2008
	
	
	
	
	 

	 
	 
	 
	Volatility
	 
	12.23%
	
	 
	 
	 
	Volatility
	 
	21.70%


Appendix C

Sigma calculations for Saanich-West rental/purchase scenarios

	Sigma for a couple that rents and does a $4000 move every 3 years
	
	
	Sigma for a family that purchases a home in Saanich-West 

	
	S=
	 $    12,000 
	
	K=
	 $     240,000 
	
	
	S=
	 $      24,000 
	K=
	 $     465,000 
	

	 
	 
	 
	Real Estate Commissions
	 
	 
	 
	
	 
	Real Estate Commissions + $9000 move
	 
	 
	 

	Year
	Originial S
	Move costs
	
	Actual S
	DEV
	DEV SQRD
	
	 
	
	Actual S
	DEV
	DEV SQRD

	1
	12000
	0
	
	12000
	-0.333333333
	0.111111111
	
	 
	
	24000
	0
	0

	2
	12000
	0
	
	12000
	-0.333333333
	0.111111111
	
	 
	
	24000
	0
	0

	3
	12000
	4000
	
	16000
	-0.111111111
	0.012345679
	
	 
	
	24000
	0
	0

	4
	12000
	0
	
	12000
	-0.333333333
	0.111111111
	
	 
	
	24000
	0
	0

	5
	12000
	0
	
	12000
	-0.333333333
	0.111111111
	
	 
	
	24000
	0
	0

	6
	12000
	4000
	
	16000
	-0.111111111
	0.012345679
	
	 
	
	24000
	0
	0

	7
	12000
	
	
	12000
	-0.333333333
	0.111111111
	
	 
	
	24000
	0
	0

	8
	12000
	
	
	12000
	-0.333333333
	0.111111111
	
	 
	
	24000
	0
	0

	9
	12000
	4000
	
	16000
	-0.111111111
	0.012345679
	
	 
	
	24000
	0
	0

	10
	12000
	
	
	12000
	-0.333333333
	0.111111111
	
	 
	
	24000
	0
	0

	11
	12000
	
	
	12000
	-0.333333333
	0.111111111
	
	 
	
	24000
	0
	0

	12
	12000
	4000
	
	16000
	-0.111111111
	0.012345679
	
	 
	
	24000
	0
	0

	13
	12000
	
	
	12000
	-0.333333333
	0.111111111
	
	 
	
	24000
	0
	0

	14
	12000
	
	
	12000
	-0.333333333
	0.111111111
	
	 
	
	24000
	0
	0

	15
	12000
	4000
	
	16000
	-0.111111111
	0.012345679
	
	 
	
	24000
	0
	0

	16
	12000
	
	
	12000
	-0.333333333
	0.111111111
	
	 
	
	24000
	0
	0

	17
	12000
	
	
	12000
	-0.333333333
	0.111111111
	
	 
	
	24000
	0
	0

	18
	12000
	4000
	
	16000
	-0.111111111
	0.012345679
	
	 
	
	24000
	0
	0

	19
	12000
	
	
	12000
	-0.333333333
	0.111111111
	
	 
	
	24000
	0
	0

	20
	12000
	
	
	12000
	-0.333333333
	0.111111111
	
	 
	
	24000
	0
	0

	21
	12000
	4000
	 
	16000
	-0.111111111
	0.012345679
	
	 
	-16500
	-1500
	-1.0625
	1.128906

	 
	
	
	
	
	Total
	0.0781893
	
	 
	
	
	Total
	0.053757

	 
	 
	 
	 
	 
	Sigma
	0.279623498
	
	 
	 
	 
	Sigma
	0.231857


