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The Lotto Case

The following story was reported by The Pittsburgh Press Wednesday, June 14, 1989.

Willa T. shared in the Lotto jackpot on February 10, 1986. She won $454,389.63. At first she
found winning thrilling, but at her age, she found that “the thrill wears off when the prize comes in
21 installments.”

Mrs. T. was entitled to receive $21,638.03, or $17,310.43 after federa withholding tax. After
collecting four installments, Mrs. T. decided to sell her remaining 17 installments for an immediate
payment of $111,000.

Mrs. T. hired an attorney to sell the remaining installments. At a dinner party, the attorney ran into
the financial consultant. The financial consultant was reported to have said that buying the annuity

"fits right into my portfolio.”

How do you think each of the parties fared in this transaction? The answer to this depends upon

how you would value Mrs. T.'slotto annuity.

To value this example, we will first make several simplifying assumptions:

Taxes: For incremental cash income less than $30,000 per year, let the assumed tax rate be 20%.
For incremental cash income greater than $100,000 let the tax rate be 35%.

Market Information: At the time of this story, the yield to maturity on a long-term Government
bond was 8.40%.

Annuity: Assume that the remaining annuity is an ordinary annuity from the present time of June
14, 1989.

Mrs. T.'s annuity of $21,638.03 for 17 yearsis virtually a riskless sequence of cash flows. The state
of Pennsylvania has invested in a trust account an endowment to cover cash payments. As a result,
in a perfect market, with no taxes, transaction costs, or liquidity problems, Mrs. T. would receive the
present value discounted at 8.40%.
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Online, the perfect market value of Mrs. T.'s ordinary annuity can be entered as.

" Bond Constant Amount
(" Annuity Yearz to Maturity

(O Amortization [ Interest Hate
Payment Frequency

(i Cash Flows
(® Values

FRefrezh|| Default

The annuity value of the remaining 17 payments, measured in both nominal and present values,

decline over time:

=] Time Value of Money
Subject Edit Options

Annuity ¥Yalue

—
I
=

Payment Period
B Undiscounted ¥alue [ ] Present ¥alue

Numerically this equals:
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=] Annuity Value
Copy Close

Undizcounted
Yalue
678465 192216.2
3462085 186724 4
324570 4 180771.2
302932 .4 1743179

Prezent Yalue

281294 .4 1673226
259656.3 159739.7
238018.3 151519.8
2163803 1426094
194742 3 132950.6
1731042 122480 4

Thus, in a perfect market the present value is $192,216.20.

Unfortunately, Mrs. T. faces severd types of market imperfections. taxes, no organized market for

Lotto payments, and legal fees.

Ignoring legal fees, Mrs. T. received $111,000 from the financia anayst. Now suppose Mrs. T.
pays 35% in tax. This leaves $72,150 -- and even less after legal fees.

Asaresult, Mrs. T. has lost alot due to market imperfections.

With your knowledge of the time value of money to date, could you improve on the reported result?
The attorney was quoted as saying that he first contacted severa financia ingtitutions. These
institutions were not interested because the prize was not large enough. However, by framing the
guestion in terms of the bank's regular business, the following deal could potentially be struck.

Deal |: A Simple Solution

Mrs. T. takes out a standard 5-year personal loan for $62,400. In return, Mrs. T. assigns (recall that
the courts approved the sale) the after-tax lotto revenues ($17,310.42) to the bank for 5 years.

Structuring the settlement this way requires ro additional cash outlay by Mrs. T. and lets Mrs. T.
keep the lotto annuity for Years 6 - 17. She could repeat the transaction on February 10, 1994.
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At the time of the article, the persona loan rate was 12%. The bank is strictly better off with this
loan because the cash flows are riskless, whereas personal loans are risky. As a result, a better -than
12% rate should be negotiated by Mrs. T.

If the bank booked a 6-year personal loan at 12%, then Mrs. T. could borrow $71,170.19 in the same
way. This amount approximately egquals her after-tax settlement, but once again, Mrs. T. can repeat
the transaction on February, 10, 1995!

In fact, Mrs. T. would have recelved $138,856.50 if the bank had booked a 17-year loan at 10%.
The bank is strictly better off in this case because the repayments have zero default risk and at the
time of the article, the 17-year Government bond rate was 8.40%. Mrs. T. is clearly better off she
receives $138,856.50 now and faces no future liabilities. That is, her loan repaymentsare covered by

assigning the after-tax Lotto receipts to the bank.

In the solution reported by the newspaper, an arbitrage opportunity exists. That is, an opportunity

exists for an investor with zero cash outlay to generate strictly positive cash flows.

Deal 11: Highlighting a Pure Arbitrage Opportunity

Suppose some outside party had sufficient equity in his’lher home or other real estate to take out
either a first or second mortgage to cover the $111,000. At the reported settled amounts, a pure
arbitrage opportunity exists by paying Mrs. T. $111,000 for the Lotto annuity.

To see why, suppose the third party buys the Lotto annuity from Mrs. T. and finances this investment
by borrowing the entire amount of $111,000 against some property. Assume that the mortgage loan
is booked at afixed rate equa to 10%.

Online, we can work out the arbitrage opportunity.

The first part of the problem is to compute the cash outflows from borrowing $111,000 over a
ten-year period at 10%. To simplify the problem, assume that all cash payments are annual.

Click on Amortization and Cash Flows as follows:
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) Bond Principal Amount

) Annuity Periods to Maturity

(@ Amortization [§ Interest Hate
Payment Frequency

(8 Cash Flows

(" Yalues

Refresh|| Default

Now click on the Numeric button and you will see for this mortgage loan the cash repayments as
well as the part of these repayments that service the interest expense:

=] Payment
Copy Close

Conzstant Interest

Payment Expense
18064_74 11100.
18064.74 10403.53
18064.74 9637 405
18064.74 8794 672

18064.74 7867.666
18064.74 6847.958
18064.74 5726.281
18064.74 4492 435
18064.74 3135.205
18064.74 1642.251

You can open a spreadsheet and cut and paste these numbers from Bond Tutor in order to complete
this analysis. First, open your spreadsheet and set it up in the following way:
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='| Microsoft Excel |" |A
Eile Edit ¥Yiew |Inset Format Tools Data Window Help
C8 3] |
=| LOTTO.XLS [+ ]~
A | B | C | D | E | F | G T

| 1] Year Lotto Annuity  Interest Expense  Taxable Lotto Tax Expense  Loan Repayment Cash Flow

| 2 | on Mortgage (Col. A - Col. B) E20% (B1-E1-F1)

| 3 | 1 $21)536.03 521 538.03 54 327 B1 §17.310.42
EN 2 $21)538.03 $21 538.03 $4 327 B1 1731042

| 9 | 3 $21)636.03 $21 638.03 §4 327 B1 $17 310,42

| 6 | 4 $21)636.03 $21638.03 $4 327 61 B7 310,42

| 7] 5 $21)0636.03 _ $21638.03 $4 327 61 B7 310,42

| & | G $21,638.03 | | $21638.03 $4 327 61 B7 310,42

| 9 | 7 §21,638.03 N $21638.03 #4327 61 B7.310.42

| 10| g $21536.03 $21 B358.03 #4327 61 $7.310.42
11| 9 $21536.03 $21 6358.03 $4 327 B1 #7.310.42
12| 10 $21)536.03 521 538.03 54 327 B1 §17.310.42
113 11 $21)536.03 521 538.03 54 327 B1 §17.310.42
4] 12 $21)536.03 521 538.03 54 327 B1 §17.310.42
15| 13 $21)538.03 $21 538.03 $4 327 B1 1731042
16| 14 $21)636.03 $21 638.03 §4 327 B1 $17 310,42
17| 15 $21)636.03 $21638.03 $4 327 61 B7 310,42
18| 18 $21)636.03 $21638.03 $4 327 61 B7 310,42
119 17 $21)636.03 $21638.03 $4 327 61 731042
20 +
4] ]r] Sheetl { ShestZ 7 Shestd  Sheetd [ Sheetd [+ 1 [+
Ready | NUM SCRL

This spreadsheet contains the gross and after-tax Lotto receipts, assuming no additional expenses.
That is, Column B contains the gross Lotto receipts, Column D is Column B minus Column C. The
tax liability is calculated in Column E and equals Column D times 0.20. Finally, the after tax cash

flows equal Column B less Column E less Column F. The result is computed in Column G.

Set up in this way, you can cut and paste both the interest expense and the loan repayments from
Bond Tutor to this spreadsheet. Onling, click on Copy in Bond Tutor and select the sub-menu item

Interest Expense.
=| Payment
Copy Close

Constant Payment Interest

Interest Expense Expense
1 18064.74 11100,
2 18064.74 10403.53
) 18064.74 9637.405
4 18064 74 8794 672
5 18064 74 fB67 666
5] 18064.74 GB47.958
i 18064.74 h¥26.281
g 18064.74 4492 435
) 18064.74 3135.205

10 18064.74 1642.251
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This information can then be pasted into your spreadsheet by clicking on Cell C3 (to get its focus)
and then selecting Edit and Paste from the spreadsheet menu. The resulting spreadsheet appears as

follows:
='| Microsoft Excel |v |A
File Edit Yiew Insert Format Tools Data Window Help
C3 [2] [ 11100
=] LOTTO.XLS [+ ]~
A | B | C | D | E | F | G Y

| 1| Year Lotto Annuity  Interest Expense  Taxable Lotto Tax Expense  Loan Repayment Cash Flow

| 2 | __onMorgage  (Col A - Col. B) iE20% Col B-Col E-Col F[ |
| 3 | 1 $21638.03 | §11.100.00 ] $10,5358.03 $2,107.61 $19,530.42
EN 2 521 638.03 $10 40353 $11,234.50 $2,246.90 $19,381.13

| 9 | 3 $21,6358.03 $9837.1 $12,000.63 $2.400.13 $19.237.91

| 6 | 4 $21,635.03 §8,794.67 $12,843.36 $2 56567 $19,069.36

| 7 L 521 ,635.03 57 Be7 .67 $13,770.36 $2.754.07 $13,053.96

| 8 | B $21,638.03 $6,847 .96 $14,790.07 $2.258.01 $18 680.02

| 9 | 7 $21,638.03 ¥5.726.28 $15911.75 $3,182.35 $18 455 68

| 10| g $21,635.03 54 452 44 $17 145.60 $3.429.12 $18,205.91
111 g 521 ,635.03 31351 $15,502.83 $3,700.57 17 93747
12| 10 $21,638.03 §1.642.25 $19.995.78 $3.999.16 $17 635.87
EA $21,638.03 $21 638.03 $4,327 61 $17 310042
|14 12 $21,635.03 $21635.03 $4,327 .61 $17.310.42
115 13 521 6358.03 ¥21 638.03 5432761 $17.310.42
116 14 $21,638.03 %21 638.03 $4,327 .61 17310042
17| 15 $21,638.03 $21 6358.03 $4,327 61 $17 310,42
118 1B $21,635.03 $21635.03 $4,327 .61 $17.310.42
119 17 521 6358.03 ¥21 638.03 5432761 E YL
20 *
M]4]» M} Sheetl  Sheet? [ Sheet3 / Sheetd [ Sheetd J«l 1 [+
Ready | NUM SCRL

Similarly, you can repeat the same steps to enter the Constant Payment by clicking on the Copy and
then Constant Payment in Bond Tutor:

= Payment
Copy Close

Constant Payment Interest

Interest Expense Expense
1 18064.74 11100.
2 18064.74 10403.53
3 18064.74 9637.405
4 18064 74 8794 672
b 18064.74 7867 GGG
G 18064.74 GB47. 958
7 18064.74 h726.281
g 18064.74 4492 435
) 18064.74 3135.205

10 18064 74 1642 251
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Then get the focus of your spreadsheet and click on Cell F3, Copy and Paste. The spreadshest is

completed as follows:

='| Microsoft Excel

|v|‘

File Edit ¥Yiew Insert Format Tools Data Window Help
F3 [+] | 15064.74

=] LOTTO.XLS [+ ]~

A | B | C | D | E | F | G Y
| 1| Year Laotto Annuity  Interest Expense  Taxahle Lotto Tax Expense  Loan Repayment Cash Flow | |
| 2 | on Mortgage [Col. A - Col. B) iE20% Col B-Col E-Cal F[ |
1 3 | 1 $21,638.03 $11,100.00 $10538.03 $2,107 61 | §18 064 7 $1,465.65
EN 2 521 538.03 §10 403,53 $11 234,50 $2 248 80 || . $1.326.39
| 5 | 3 £21,538.03 £9 53741 $12,000.63 240013 | §1,173.17
| 6 | 4 $21,638.03 $8 794 67 $12843.36 §2 56067 | $1,004.62
7| =5 $21 53803 §7 B67 67 $13.770.36 §2,754.07 | 719,22
| 8 | B £21,538.03 £ B47 o5 $14 79007 2 955.01 | §E15.28
19 7 $21,633.03 §5,726.28 $15911.75 318235 | $350.94
110 8 21 638.03 54 492 44 $17,145.60 F3.42912 || 514417
(1] @ $21 538.03 §3,135.21 $18,502.83 $3.700.57 | ($127.28)
112 10 §21,638.03 §1 54225 $19.005.78 3299 16 | : (§425.87)
13] N $21 638.03 $21,638.03 $4,327 61 | I $17 310,42
| 14 | 12 521 638.03 $21 B38.03 $4 327 B1 $17 31042
115 13 £21,538.03 $21533.03 §4 327 B1 $17 310,42
|16 | 14 $21,638.03 $21638.03 $4 327 61 $17,310.42
|17 | 15 521 638.03 $21 B38.03 $4 327 B1 517 31042
|18 | 1B 521 B38.03 $21 B38.03 $4 327 B1 17 31042
119 17 $21,633.03 $21638.03 $4 327 61 §17 31042 | |
20 +
M]4]r [ m] Sheetl { SheetZ / Sheet3 / Sheetd [ SheetS J«l 1 [+
Ready | NUM SCRL

Under our assumption that the interest expense on the mortgage loan is tax deductible, this expense
reduces the total tax liability.

The pure arbitrage opportunity is revealed from the realized net positive cash flows in every year
except Years 9 and 10 in Column G The positive cash flows from earlier years eliminate these two

negative years.

This Lotto case illustrates that with zero cash outlay, a strictly positive return is earned.  This is an

arbitrage opportunity. Clearly, the arbitrage-free value of the Lotto winnings is significantly
higher than what Mrs. T. received.



