Math 122 Fall 2008

Handout 12: Calculating a Monthly Mortgage Payment
The learning goals of this handout are for you to:

* Learn a straightforward strategy for estimating the size of a monthly mortgage payment.

* Determine how the outstanding balance on a mortgage changes over time.

* Setup a geometric series to describe the outstanding balance on a mortgage.

* Use the geometric series summation formula to work out the monthly payment on a
mortgage.

* Determine the effects of (i) the size of the initial down payment, (ii) the interest rate and
(ii1) the length of the mortgage on the size of the monthly mortgage payment.

Your ultimate aim in this exercise will be to calculate and compare the monthly payments on
several different mortgage options. By working through each of the questions on this handout,
you will have the opportunity to see how the:

(1) Interest rate
(i1) Size of the initial down payment
(ii1))  Length of the mortgage

each affect the size of the monthly mortgage payment that a homebuyer has to make. In all of
the questions on this handout, you can assume that the interest rate is fixed for the length of the
mortgage and that the mortgage is an American' mortgage (so that interest is compounded
monthly).

When you buy a house, you normally pay some of the cost of the house immediately (this is
called the down payment) and finance the rest by taking out a mortgage. In America, mortgages
normally last 15 or 30 years.

Traditionally, lenders preferred a down payment of 20% of the sale price of the property.
However in recent years it has become more common for lenders to accept a down payment of
less than 20%. (Generally speaking, however, lenders require homebuyers to pay for private
mortgage insurance to protect the lender against any loss should the homebuyer default on the
mortgage — and this insurance can be quite expensive.) Recent’ nominal interest rates on 15 and
30-year mortgages are given in Table 1 (below).

Duration of mortgage (years) Nominal interest rate (%)
15 6.40
30 6.74

Table 1.

" The frequency of compounding varies from country to country. In the United States interest is compounded
monthly, but in Canada interest is only compounded once every six months.

? The interest rates quoted here were obtained from http://www.bankrate.com/ on October 20, 2008. These interest
rates may no longer apply if you are reading this document after 10/20/08.



These are the interest rates that you should use for Question 1-5.

At present, Pittsburgh home prices are low compared
with national averages3. However, some neighborhoods
have very high housing prices. The neighborhood with
some of the highest listing prices in Pittsburgh is North
Oakland* and adjoins both Carnegie Mellon University
and the University of Pittsburgh. Figure 1° shows a 4-
bedroom house® currently for sale in North Oakland. The
listing price for this property is $625,000.

Figure 1: House located at 215 Lytton
Ave in Pittsburgh’s North Oakland
neighborhood. The list price on this
property is $625,000.

1. In this first question, the idea is to calculate an estimate for the monthly payment. This
will help you to judge whether your answers to subsequent questions are reasonable or
not. Suppose that you were interested in purchasing the house in North Oakland, featured
in Figure 1 and that you had enough money to make a 20% down payment. If you were
charged no interest at all and spread the monthly mortgage payments over a 30-year
period, about how much should each payment be? Is this estimate likely to be an over- or
an under-estimate of the actual monthly mortgage payment that you would have to make
in reality?

? For example, see: http:/pittsburgh.about.com/ which claims that Pittsburgh housing prices are (on average) 40%
lower than the nation as a whole.

* Source: http://www.trulia.com/home_prices/Pennsylvania/Pittsburgh-heat_map/

Accessed October 21, 2008.

> Image source: http://www.trulia.com/

® The address of the house is: 215 Lytton Avenue, Pittsburgh, PA 15213.



2. Let M represent the monthly mortgage payment in units of dollars. Suppose that you
were interested in buying the house in North Oakland, and had enough money to make
the 20% down payment. Use Table 2 to write down symbolic expressions (involving M)
for the amount of money that you would still owe each month if you took out a 30-year
mortgage to finance the rest of the purchase price.

Time Amount still owed ($)
(months)

Table 2.



3.

Use the formula that you have built up in Table 2 to calculate the monthly mortgage
payment, assuming that you take out a 30-year (360 month) mortgage.



Now suppose that you do not have enough money to make the 20% down payment, and
that your financial resources can only cover a 5% down payment. If you took out a 30-
year mortgage, what would your monthly mortgage payment be? How would this lower
down payment affect the total amount of money that you had to pay to the mortgage
lender over the course of the loan, compared to the situation in which you were able to
put down a 20% down payment?

The final variable that we will consider is the length of the loan. In the world of
mortgages, the duration of the loan has three effects. First, the shorter the duration, the
higher your payment as you will have less time to pay off the loan. Second, 15-year
mortgages usually have a lower nominal interest rate (see Table 1) than 30-year
mortgages, so you pay les interest. Third, as there are fewer months in 15 years than in
30 years there are fewer opportunities for the lender to compound interest on the
outstanding balance, so the total amount of money paid over the duration of the loan is
typically lower. Assuming that you can make the 20% down payment on the house in
North Oakland, and take out a 15-year mortgage to finance the rest, what will your
monthly mortgage payment be? How does the total amount of money that you pay over
the duration of the mortgage compare in the 15-year and 30-year (see Question 3) cases?



