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GRADUATED PAYMENT LOAN SCHEDULES UNDER SIMPLE INTEREST

Loren W. Tauer* !

There has recently been an interest in graduated payment mortgages as
a technique to allow farmland to amortize ite own debt with the annual
cash flow it generates itself. Graduated payments ave normally only gf-
fective, however, when the first payment is lower than the first period’s
accrued interest. This results in an increase in the unpaid balance of
the loan, a result that nelthexr the lender nor the borrower relish.

This article looks at the use of simple interesi with graduated pay-
ment schedules. Although simple intereet would normally not be used by a
commercial lender, it is an attractive option to a farm seller who will
report taxable gain on an installment basis, and is required to charge at
least 9 percent simple interest. Simple interest graduated payments might
alsc be used between family members as a viable technique to transfer the
farm by sale to the next generation. The attraciion of simple interest is
that no matter how small the first payment, the same proportion of that
first payment will be used for principal reduction. Thus, there will
never be an increase in the unpaid balance of the lean.

The Necessity for Graduated Payments

In recent vears farmland has displayed an inability to liguidate its
own debt since the cash flow generated by the farmland is insufficient
initially to amortize a conventlonal lvan. It has been necegsary for
farmers to supplement the cash generated from the farmland with other farm
or non—-farm income. This has inhibited potential buyers from acquiring
farmland because they lack other sources of income, even if they could be
the wost productive users of the farmland.

One reason farmland ig unable to liquidate its own debt is because it
has been characterized as a growth stock (Melichar). If the earnings from
farmland are expected to increase into the future, then the farmiand will
sell for a high multiple of its current earnings, with those current earn-
ings being insufficient initlally to pay for the farmland with con-
ventional debt payments.

An example of this phenonemon can be cobserved by looking at twenty
years of change in farm investment and cash income on New York dairy
farms, Table 1. From 1263 to 1982 cash income per cow increased at an
average annual rate of 5 percent, although the increase was not uniform
and decreases did cccur. At the same time investment per cow increased at
an annual rate of 7 percent with increases occcurring each year except
1982. Even more significant, however, is that investment per dollar of
cash income increased from about 7 during the first ten years to about 12
for the last ten years. Ignoring living and capital replacement require-
ments, it is apparent that it has now become more difficult to pay for a
dairy farm from its earnings.

*Assistant Professor, Department of Agricultural Economics, Cornell
University. The author thanks John R. Brake for his comments.
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Table 1. Twenty Years of Change in Dairy Farm Investment and Cash Income
Dairy Farm Business Management Cooperators, New York, 1963-1982

Cash Income Farm Tnvestment Investment Number of
Year Per Cow Per Cow Cash Income Cows
1982 4§ 440 $ 5,516 12.54 82
81 470 5,820 12.38 79
80 479 5,686 11.87 75
79 473 5,266 11.13 75
78 382 4,540 11.88 71
77 332 4,003 12.06 71
76 361 3,706 10.27 71
75 276 3,447 12.49 72
T4 292 3,216 11.01 72
73 261 3,00% 11.53 65
72 312 2,482 7.956 70
71 319 2,288 7.17 67
70 307 2,112 6.88 65
69 305 2,020 6.62 60
68 290 1,930 6.66 58
&7 260 1,800 6.92 51
&6 246 1,714 6.97 47
65 227 1,565 6.89 44
64 183 1,466 8.01 40
63 176 1,450 8.24 39

Cash income 1s cash recelpts minus cash expenses. (No depreciation nor
capital expenditures included.) Farm investment includes livestock, feed
and supplies, machinery and equipment, land and buildings.

With an investment of 35,500 per cow in 1982, no down payment, and 9
percent compound interest, it would take annual payments of $602 to pay
for the farm in 20 vears. This amount is significantly greater than the
$440 that was available in 1982 before capital replacement and living
needs. This can be contrasted with 1972 when, with an investment of
$2,500 per cow, no down payment, and interest at 9 percent compounded, it
would only have taken annual payments of $274 to pay for the farm in 20
years; $312 was available that first year.

A partial solution to the cash-flow shortage is to lengthen the
repayment period. At an investment of $5,500, lengthening the payment
perlod from 20 to 40 years at 9 percent compound interest lowers the
annual payment from $602 to $511. This is still more than the $440
available-

A suggested remedy is to structure payments so that they start at a
lower amount but increase over time, as income has. A number of re-



searchers have demonstrated the potential of these graduated payment plans
(Lee, Lins and Aukes). One encumbrance to these payments is that they
require increasing income over time. Ellinger, Barry and Lins have shown
that if annual earnings follow historical patterns, graduated payment
mortgages could allow previously excluded farmers into the land market,
and allow &ll farmers to expand faster. These graduated payment plans are
all based upon geometvic increases in payments with compound interest.

The paradox of these plans using compound intersst is that, if the
first year's payment 1s not an amcunt of ab least the asccrued interest,
the unpaid balance of the Loan will increase, requiring much larger
payments later and encouraging default if the value of the farmland does
not increase accordingly. Yet, in ovder to be useful, the first payments
must be less than the sccrued interest. ¥For instance, the first year's
accrued intevest of 9 percent om $5,500 is §495. A 40 year level payment
lcan is only 416 more than this amount.

The concept of simple interest elimimates this difficulty. By
definition, simple interest is paid on primeipal at the same time that the
principal is paid. And them, the interest is silmply the interest rate,
times the principal paid, times the number of perlods since the money was
borrowed. As an example, assume 510,000 is borrowed for 3 years at 9 per-
cent simple interest. When the $10,000 is repaid, then 3 x .09 x $10,000
or 2,700 interest is also paid. If intervest were compounded anpually,
the interest pavment at the end of 3 vears would be §2,950. Such a dif-
ference in compound and simple interest also applies to any multiple pay-
ment plans, for they asre simply strings of single payment loans (Tauer).

Simple interest would not novmally be used by 2 commerical lender
unless the interest rate was sufficiently high enocugh to equal the return
from compounding. Simple interest is a viable optlon for seller fimancing
however, especially when the seller is veporting taxable gain in install-
ments which gualify for capital gains. Then it is necessary that the
seller charge the buyer at least 9 percent simple interest or the IRS will
imput interest at 10 percent compounded semi-amnually. The required rate
for land sales to family wembers is only 6 percent simple intevest. By
charging the lowest possible interest rate the property may sell for a
greater amount.

Simple interest may also be attractive in family transacticns even 1f
the property is sold for a greater amount because of the lower interest
charges. Lower Interest and a higher sales price converts ordinary income
to capital gain. With the resultant lower taxes, the family seller could
lower the total cash payment (principal and interest) and receive the same
amount after—tazes.

Combining graduated payments with simple interest 1s especially
attractive since each simple interest payment, regardless how emall, will
consist of the same proportion of principal. Thus there will never be an
increase in the unpaid balance of the lean. Also, since graduated payment
schedules have their greatest appeal, and perhaps their only appeal, to
sales between family members, it would seem appropriate to combine simple
interest with graduated pavments.



Simple Interest Payments

Debt is amor:ized under compound interest with level payments by the
formula:

P = A + A + . . . + A
(1 + i) (1 + 132 (1 + i)n

where P is the amount of debt, A is the level periodic payment consisting
of primcipal and interest, i is the interest rate charged per period, and
n 1s the number of pericds. Tach level payment, A, is broken up into an
interest and priumcipal component by first computing the interest that has
accrued on the unpaid balance of the loan since the last payment, and

since that amount is less than the payment A, the difference is principal
reduction.

Debt is amortized under =imple interest with level payments by the
formula:

P = B - B e + B
(1 + 13 (1 + 21y (1T + nl)

where P, i and n are defined as before and B is the level periodic payment
consisting of principal D and interest R, or B = D + K.

Simple interest R is computed as:

R=0 {1 8)

where i is the interest rate charged per period and s 1s the number of
periods since the loan began. Substituting for R in the equation
B=D+R results in:

B=D+D ({1 s).

Solving for D, the principal component, resulte in: D = B/{lL + 1 s) and
then R, the interest component, 18 calculated as:

R=58 - D

With simple interest each payment ig smaller than under compound interest,
meaning that less interest is paid over the life of the payment schedule.
This 1is because Initial simple interest payments include more principal
than do compound interest payments.

Graduated payments with compound interest have typically been geo-
metric increases, where each payment increases by a set percentage through
the life of the payment schedule, or for a stated number of periods and



then remains constant. Geometric simple interest payments through the
life of the payment schedule can be computed from the Formula:

P = B + B (1l + g) S B (1 + gin-l
(1L + 1) £1 4+ 2 1 {1 +n 1)

where g is the geometric increase in payments. Simple interest ou each
payment would be computed as previously shown.

If it is desireable to only increase payments geometrically until the
m th year, the formula igs

B +B(l+g+ .. o+ B{L+gyElg. 0 4 B(1+g)mml

P =
(L+1)y @O +71) (1 +m 1) (L +u i)

Although geometric payeent increases have been most common, it 1s

possible to compute other types of increases, such as an arithmetic
increase, asa:

P = B + B((l+4+g) + B(L+2g) + ... 4+ Bl + (n-1) g)
(L + 1) £1 + 2 1) (L + 3 1) (1 +n 1)

Obvicusly an enormous amount of flewibility exists to construct graduated
payment schedules under both compound and simple interest. The advantage
with simple interest is that each payment, vegardless how small, will con-
sist of some reduction in principle. Thus, unlike compound interest,
there will never be an increase in the unpaid balance of the loan.

Examples of Geometriec Increases

The author has written a computer program o generate simple in-
terest, geometrically increasing payment plans {Appendix A). For compari-
son purposes a level simple interest payment schedule was generated for a
$1,000 loan at 9 percent simple interest for 20 vears (Table 2). The
annual payment would be $89.88. In contrast, the compound interest level
annual payment would be $109.35. A graduated compound interest payment
plan would have to have a first payment of at least $90 or there would be
an increase in the unpaid balance. A level simple interest payment is
already a few cents less than that.

Table 3 is a simple interest payment schedule in which payments
increase 2 percent a year. The first payment is $76.43, somewhat less
than the level payment of $89.88. Because the first payment is lower,
less principal is paid initially, so the final payment of $111.34 is
larger than the level payment of $89.88. Wotice, however, that the pro-
pertion of the first payment to principal reduction is .917 in both Tables
2 and 3. Total payments for the 2 percent gecmetrically increasing
schedule are $1,856.97, only $59.27 more than the level payment schedule.



Table 2. Annual Simple Interest Debt Payment Schedule
$1,000 Debt, 9 Percent Simple Interest, 20~Year Term, Selected Years

Year Payment Interest Principal Balance
1 § 89.88 § 7.42 s 82.46 $917.54
2 89.88 13.7% 76.17 841.36
5 g§9.88 27.90 61.929 642.51
6 89.88 31.532 58.37 584.14
10 89.88 42.58 47.31 379.77
15 89.88 51.54 38.25 171.94
20 89.88 57.78 32.10 0.0

Totals 5:,797.70 5797.70 $1,000.00

Table 3. Annual Simple Interest Geometric Graduated Debt Payment Schedule

51,000 Debt, 9 Percent Simple Interest, 20-Year Term, Selected Years
Geometric Increases of 2 Percent

Year Payment Intarest Principal Balance

i 5 76.43 $ 6£.31 $ 70.12 $929.88

2 77.96 11.89 66.06 863.82

5 82.73 25.67 57.05 684.52

6 &4 .38 29,59 54.79 6529.73

10 %1.34 43.26 48.07 428.34

15 106.84 57.93 42.91 204.51

20 "111.24 71.58 39.76 0.0
Totals §1,856.97 $856.97 §1,000.00




In Table 4 the gimple interest payments increase & percent a vear and
begin at a still lower amount of $533.70. Returning to the dairy example
at the start of this paper, an investment of $3,500 per cow would then
require a first payment of only 5295, much less than the $440 available,
leaving cash for living needs and capital replacement. If income in-
creases average 5 percent a year over the next 20 years, as has been true
over the last 20 yeavrs, then the increased annual paywents should be
relatively easy to meet. If not, then adjustwents can be made. For
instance, with 6 percent per yvear payment increases, by the 10th year, the
payment on a 51,000 loan with @ percent simple interest would be $90.72,
still less than a 20 year level compound interest loan. And, the simple
interest loan would have only $3525 of the original loan to pay off, while
the compound loan would still have about $710 left to pay. At the very
least the simple interest loan could be converted toe a level loan, eilther
compound or simple, and still have lower payments than a coutinuing
original conventional loan.

Table 4. Aunnual Simple Interest Geometric Graduated Debt Payment Schedule
51,000 Debt, 9 Percent Simple Interest, 20-Year Term, Selected Years
Geometric Increases of 6 Percent

Year Payment Interest Principal Balance
1 § 53.70 5 4.43 5  48.26 §950.74
2 56.92 8.68 48.23 902.50
5 67.79 21.04 46 .75 78l.22
6 71.88 25.20 46.66 714,56
10 90.72 42.97 47.75 525.87
15 121.40 69.74 51.66 276.42
20 162 .46 104 .44 58.02 0.0
Totals $1,975.20 $975.20 §1,000.00

Table 5 shows what happens with a graduated payument, 9 pevcent com—
pound interest loan for 20 years. In ovder to start the payment at
$§33.70, it is necessary to increase each payment by 9.16 percent, a much
faster rate of increase than the 6 percent increase under simple interest.
The unpaid balance of the leoan also increases bevond §1,000 until the 15th
year because unpaid interest is aceruing. Unlike the szimple interest loan
where the tenth payment is $90.72 and the unpaid balance is $525.87, the
tenth payment is $118.29 and the unpald balance is $1,193.20.



Table 5. Annual Compound Interest Geometric Graduated Debt Payment Schedule
$1,000 Debt, 9 Percent Compound Interest, 20-Year Term, Selected Years
First Payment $53.70

Year Payment Interest Principal Balance
1 5 33.70 $ 53.70 5 0.0 $1,036.30
2 58.62 58.62 0.0 1,070,95
5 76.25 76.25 0.0 1,158.50
6 B83.24 83.24 0.0 1,179.52
10 118.21 118.21 0.0 1,193.20
15 183.25 105.62 77.63 922.37
20 287.15 23.71 263.44 0.0
Totals $2,801.19 51,801.1%9 51,000.00

Example of Arithmetic Increases

The concept of simple interest invelves arithmetic increases in the dis~
count rate, while compound interest involves geometric increases. Intuitive-
ly then, it might be appropriate to schedule arithmetic increases in simple
interest payments rather than geometric increase. Although income might be
expected to increase geometrically, arithmetic increages in payments would
not appear as ominous to borrowers as geometiric payments.

Table 6 iz a 20 vear, 9 percent simple interest payment schedule for a
$1,000 loan with payments Iincreasing $5.00 per year. The first payment of
$50.57 is lower than the $53.70 simple interest first payment with geometric
increases of 6 percent. The final payment for the 20th year 1s only $145.57
with arithmetic rather than $162.46 with the geometric increases. The total
payments of the arithmetlc increase payment plan are only $1961.37, compared
to $1975.20 with the geomervic payvment plan.



Table 6.

Annual Simple Interest Arithmetic Graduated Debt Payment Schedule

41,000 Debt, 9 Percent Simple Interest, 20-Year Term, Selected Years
Arithmetic Incresses of $5.00

Year Payment Interest Principal Balance
1 $ 50.57 $ 4,18 & 46.39 $ 953.61
2 55.57 8.48 47.09 906.52
5 70.57 21 .90 48 .67 761.94
6 75.57 26.50 49.07 712.87
10 45.57 45.27 50.30 513.36
15 126.57 69.26 51.31 258.67
20 145.57 93.58 51.99 0.4

Totals $1,4961.37 $ 961.37 $1,000.00

Conclusions

Although there have been numsrous discussions eof graduated payment
mortgages to finance the tramsfer of farms, there appears little incentive
for commercial lenders to sponsor them. To be effective under compound
interest, the initial payments must be lesgs than the accrued interest,
resulting in an increase in the lcan balance. This gives an incentive to
defauls if the value of the collateral does not also increase. The
increase in the unpaid balance 3lso requires enormous payments towards the
end of the payment plan, while incomes may not increase sufficiently to
support these higher payments.

It appears that graduated payment plans may only be feasible in
family transactions. In family transactieons it is already attractive to
use simple interest rather than compound interest in scheduling loan pay-
ments because it is the IRS's lowest required interest charge. Graduated
payments are even more attractive with simple interest than with compound
interest, because with simple interest there is never an Increase im the
unpaid balance, regardless how small the first payment. With a graduated
payment simple interest payment schedule, more interest will be paid than
with level simple interest, but the increase is not as great as the
difference under graduated and non-graduated compound interest. Thus, the
percentage increase in payments with simple interest does not have to be
as great as with compound interest, making graduated simple interest pay-—
ment schedules feasible.
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APPENDIX A: SIMPLE INTEREST GEMMETRIC GRADUATED LOAN PROGRAM

REM SIMPLE INTEREST GEGHMETRIC GRADUATED PROGRAM

REM WRITTEN BY ELOREN TAUER, DEPT. OF AG. ECUON.; CORKWELL UNIV.
PRINT FENTER LOAN AMOUNT®

ENPUT P
BRENT ¢ ENTER INTERESY RATE PER PERICD®

INPUT R

PRINTY ¥ ENTER NUMBER OF LOAN PAVYMENTS®

INPUT N

PRINT ¢

INPLY &

REM L AND O ARE LOWER AND UPPER BOUNDS FOR 4.

REM THEY WILL BE INCREASE AND DECREASED UNTIL THE SOLUTION FOR

REM A IS FOUND.

REM A IS THE INITIAL PAVMENT WHICH INLREASES G PERCENT EACH PAYMENT.
U=pP£i0.

a=U

$=0.

544=0.

$T7=d.

S5¥=0,

FOR I=1 70 N

S=S+{As{l.+Chex[[~L)/{1e[2R))

MEXT I

(=5~

EF C>».001 VHEN 180

IF C>-o001 THEN 210

REM SET THE LOWER BOUND EQUAL TO A AND TRY HALFWAY BETWEEN THIES

ENTER GEOMETRIC INCREASEE®

REM NEW L AND U. :

L=4

A=qUelL)/2

GO T4 €O

REM SET THE UPPER BUUNC EQUAL TO A AND TRY HALFWAY BETWEEN THIS

REM NEW U AND L.

U=a

A={y+L ) /2

GO TC 83

PRINT °®SIMPLE INTERESY PAYHMENTS®

PRINT *PAYMENT® ,* AMOUNT® o "PRINCIPAL® ¢® INTERESTY " *BALANCE®
REM COMPUTE COMPONENTS OF EACH PAYMENT AND PRINT
FOR J=1 TO N

Ab=As (L. +Gler{J-11}

T=ha/{1eJ%R)

Y=RA-T

PspP-1

PRINY JoAAeT,V,P

SAA=SAA®AA

$V=5VeY

Sy=Sy+y

NEET J

PRINY °TOTALSS®

PRINT SAA,5T,5V

END






