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 Abstract: Calculating the mortgage principal balance after 60 payments is an iterative process involving a set of calculations for each payment period. The interest payment (i.e., the interest portion of the monthly payment) is determined by multiplying the principal balance remaining at the end of the previous month by the periodic interest rate (i = [(I/100)IP].

When faced with a career opportunity such as relocating, accepting a new job, or getting an advanced degree, it's important to consider the economic impacts. 

Career Catalyst 

ENGINEERS ARE OFTEN PRESENTED WITH new and exciting challenges and opportunities throughout their career. The choices may be as simple as a chance to lead a group of talented engineers or transfer to another department within the company, and the decision is usually straightforward. In some cases, however, the choices are not that simple - such as whether to relocate to another city, to return to school full-time to obtain an advanced degree, or to accept a position in another division of the company that will provide valuable experience, but at a lower salary. 
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W Figure 1. A cash flow diagram illustrates a time-value-of-money analysis.




Making informed decisions involves (among other things) evaluating the financial impacts of the various options. This article explains how to apply familiar economic analysis techniques to personal finance situations. 

The basics of personal finance 

Money has "time value," whether you keep it under your bed or in your wallet, or you invest it in an interest bearing savings account, stocks or bonds. In the first case, the value of money remains constant over time, but its purchasing power is likely to decrease due to inflation. In the latter case, every dollar invested today is worth more than a dollar in the future because of the interest or dividends you receive in return for the use of your money; its purchasing power will also be greater as long as the interest/dividend rate is keeping up with inflation. 

The technique used to solve financial problems is, therefore, called time-value-of-money (TVM) analysis. Cash flow diagrams, such as Figure 1, can be used to visualize TVM problems. 

Figure 1 is a representation of the following problem: "How much must be contributed at the end of each month into a savings fund that was opened with an initial deposit of $2,000, so that at the end of four years (48 months) the future value of the account will be $10,000? The interest rate is 6% and both payment and interest compounding frequencies are monthly." 

All TVM financial problems involve seven parameters. The first five parameters shown in Figure 1 include: the number of periods (n), annual interest rate (I), present value (PV), future value (FV) and annuity payment (a). Of these five parameters (n, I, PV, FV and a), only one can be unknown, while the values of the other four must be specified. The other two parameters as shown in Figure 1, are the payment frequency (P) and interest compounding frequency (C). The values for these two parameters are always specified. 

The period represents the time frame of the financial problem - i.e., the number of time periods during which payments occur. The interest rate is usually quoted on an annual basis. The present value is always shown at the beginning of the first period, and the future value is shown at the end of the last period. The annuity payment is a periodic payment of equal amounts, either at the beginning of each period, denoted as a^sub b^, or at the end of each period, denoted as a^sub e^. 

Note that in Figure 1, the present value and the annuity payments are negative, which indicates that they are cash outflows from you, since the cash flow diagram is drawn from your point of view. The future value is positive ($10,000), indicating that it will be a cash inflow to you (from your bank account) at the end of 48 months. An analogous cash flow diagram can be drawn from the bank's point of view. In that case, the present value and annuity payments would be positive amounts (which represent cash inflows with respect to the bank), while the future value would be negative. 

We can use a financial calculator or financial software to solve the example problem, and we find that a^sub e^ = -$137.88. If we solve the problem from the bank's point of view, the answer becomes a^sub e^ = $137.88 (a positive value for cash inflows). 
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The equations used for TVM analysis are presented in the box below. 

Applications of personal finance 

The five primary applications of personal finance are savings, loans and mortgages, education fund, retirement fund and investment review. 

The example discussed previously illustrates a savings application. It demonstrates one of the four methods for implementing a savings plan - investing via a lump sum and an annuity. The others are the pure lump sum, pure annuity, and uneven cash flow methods. 

Loans and mortgages involve similar calculations, with one exception. Loans are typically short-term and have periods of 3, 4 or 5 yr, whereas mortgages are long-term, with periods of 15, 20, 25 or 30 yr. 

The education fund application - "how much must I set aside each month to provide the amount I'll need to return to school full-time for an advanced degree" - involves three steps. The final calculated savings amount will be affected not only by the TVM parameters whose values are known, but also by the initial value of the education fund if an existing savings account will be tapped and any education loan amounts that will be available at the start of the studies. The effect of inflation must also be taken into account. 

The retirement fund application involves a three-step calculation procedure similar to that used for the education fund analysis. However, the time scale for retirement is typically 20 to 25 yr, whereas the education time scale is shorter, usually from two to eight years. The effect of inflation is also important in retirement fund calculations. 

An investment review calculates net present value (NPV) and internal rate of return (IRR) to evaluate the worthiness of an investment. The cash flows may be uneven or discontinuous - there could be more than one series of annuity payments, several lump sum payments, and/or periods when there are no cash flows. (By comparison, the cash flows in a TVM analysis are even - i.e., there is only one series of annuity payments of equal amounts at the beginning or end of every period.) Thus, an investment review uses the discounted-cash-flow (DCF) analysis method. 

Ref. I provides a more detailed treatment of these applications. 

Example 1: To relocate or not to relocate 

An engineer is offered a new position in another part of the country. He owns a principal residence in the existing location, and he regularly sets aside money for retirement and for his children's educations. The present home has a mortgage of $150,000 amortized over 30 yr with an interest rate of 8%, and 60 monthly payments have already been made. 
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The first questions typically asked in a situation like this are "What is the outstanding principal balance on the mortgage?" and "What will the monthly payment for the new house be?" Another important question is "Can the savings amount that goes to the retirement and education funds be continued, considering the salary of the new position?" 

Step 1. Calculate the remaining principal balance on the existing mortgage. This requires calculating the amortization schedule. First, we need to know the monthly mortgage payment. Since this is an existing mortgage, the payment value is known, but for demonstration purposes we will calculate the monthly mortgage payment using the TVM method. The cash flow diagram for this calculation is shown in Figure 2. 

Substituting i = [(8/100)/12], B = 0, n = 360, PV = $150,000 and FV = $0 into Eq. 4, gives a^sub e^ = -$1,100.65, the monthly mortgage payment. 

Calculating the mortgage principal balance after 60 payments is an iterative process involving a set of calculations for each payment period. The interest payment (i.e., the interest portion of the monthly payment) is determined by multiplying the principal balance remaining at the end of the previous month by the periodic interest rate (i = [(I/100)IP]. The interest payment is subtracted from the monthly payment (a) to give the principal payment, which is then subtracted from the previous month's principal balance to give the new remaining principal balance. This is repeated for each payment period from the first month until the 60th month. 

Table 1 shows the results of these calculations for periods 1, 2, 3, 59 and 60. The mortgage principal balance after 60 payments is $142,604.79. 

Step 2. Calculate the mortgage payment for the new residence. This is basically a repetition of the first part of Step I using Eq. 4 with the appropriate values for the new mortgage amount, interest rate and amortization period to calculate a^sub e^. 

Step 3. Calculate the difference between total monthly income and total monthly expenses. Based on the salary of the new position, calculate the total monthly income. Next, calculate total monthly expenses based on the current expenses and the new mortgage payment amount, but excluding the amounts set aside for retirement and education funds. Be sure to adjust for cost-of-living differences. (Comparative cost-of-living information is available on the Internet at such sites as Sperling's BestPlaces (www.bestplaces.net), Bankrate.com, Monstermoving.com, Datamasters.com and Homestore.com.) Then calculate the difference between income and expenses. The remainder is the amount available for retirement and education savings. 
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Payment Principal Monthly Interest Principal  New Principal
Period  Balance Payment  Payment  Payment Balance

1 $150,000.00 ~§1.100.65 -$1.000.00 -$100.65 $149,899.35
2 $149,899.35 -$1.100.65 -$999.33  -$101.32 $149,798.04
3 $149.798.04 -$1.100.65 -$998.65  -$101.99 $149,696.04
59 $142,901.71  -$1,100.65 -$952.68  -$147.97 _$142,753.74

60 $142,753.74 -$1,100.65 -$951.69 -$148.96  $142,604.79
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This amount should be equal to or more than the amount currently being set aside for retirement and education for the relocation opportunity to be practical. If it is less, the new position may not be an attractive option, depending on how much less the engineer is willing to tolerate as well as the circumstances of the new position and new location. If the opportunity is appealing, but the finances are not quite attractive enough, alternatives such as choosing a longer amortization period and/or making a larger down payment to reduce the monthly mortgage payments, and/or trying to find the lowest possible mortgage interest rate, should be explored. Finally, any tax implications should be discussed with an accountant or financial advisor. 

Example 2: When to get an advanced degree 

This example concerns an engineer who wants to obtain an advanced degree. The problem can be stated as follows: "In two years, an engineer would like to return to school full-time to get an MBA. How much savings should she put away each month, starting now and considering that there is already $5,000 in her education fund?" Assume the interest rate is 8%, the inflation rate is 2%, that tuition and other education expenses are $10,000/yr, that she takes out an education loan in the amount of $5,000 when she begins her studies, and that it will take her 24 months to get her degree. 

Step 1. Calculate the present value of the total education cost to obtain the degree. Figure 3 is the cash flow diagram for this step. Using Eq. 2 with i = [(8/100)/I], B = 1, n = 2, ab = -$10,000 and FV = $0, gives PV = $19,259.26. 

Step 2. Calculate the future value of the cost to obtain the degree due to inflation (Figure 4). Eq. 3 is used with i = [(2/100)/1]), B = 1, n = 2, PV = $19,259.26 and a^sub b^ = $0, to calculate FV = -$20,037.33. 

Step 3. Calculate the monthly savings payment (at the beginning of each month) required to find the degree (Figure 5). The future value that must be funded from the savings account is $20,037.33 minus the loan amount of $5,000, or $15,037.33. Substituting i = [(8/100)/12], B = 1, n = 24, PV = -$5,000 and FV = $15,037.33 into Eq. 4 yields a^sub b^ = -$351.37. 

Let's now look at a few other scenarios in order to assess the sensitivity of these results. For example, what monthly savings would be required if she wants to return to school earlier? What if she has a larger initial savings balance or she takes out a larger loan? What if she chooses a private university where education costs could be $30,000/yr? If she can afford to save only $100/mo, how long will it take her to save for her education? For other savings amounts, how much time is required to save for the education? Table 2 summarizes the analysis of these scenarios. Countless others are also possible, but are not evaluated here. 

Ultimately, the engineer must find the best scenario that she feels comfortable with, especially in terms of the monthly savings payment and education loan amount. She will have to balance how long she waits before starting her studies (the savings period) and how large a loan and monthly savings payment she can handle. The longer she waits (saves), the lower the monthly payments. 

It is wise to re-do the analysis every six months. This allows using up-to-date values for interest and inflation rates. There could also be other changes in the engineer's circumstances, such as a lump sum added to the education fund or a salary increase that could permit increasing the monthly savings payment, thereby reducing the savings period. 

Example 3: Accept a new position? 

This example is about an engineer who applied for and was offered a position in another division of the company. Although the job has great potential for career growth, the salary is lower than his current salary. He asks "If I accept this position, I will have to reduce my monthly contributions to my retirement fund as a result of the lower salary. Will I still be able to achieve my desired monthly retirement income?" Assume an interest rate of 8% and an inflation rate of 3%. He has already started a retirement savings fund, which is currently valued at $150,000, and he has 15 more years to save for retirement. His retirement income goal is $4,000/mo at the beginning of each month for 20 years. (The calculations are based on the entire retirement fund being exhausted at the end of 20 years.) 
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Step 1. Calculate the present value of the total retirement cost for 20 yr (Figure 6). Using Eq. 2 with i = [(8/100)/12], B = 1, n = 240, a^sub b^ = $4,000 and FV = $0, gives PV = -$481,405.28. 

Step 2. Calculate the future value of the retirement cost due to inflation (Figure 7). Substituting i [(3/100)/12], B = 1, n = 180, PV = -$481,405.28 and a^sub b^ = $0 into Eq. 3, results in FV = $754,569.91. 

Step 3. Calculate the monthly savings payment (at the beginning of each of the 180 mo) required to finance the future value of the total retirement cost (Figure 8). Solving Eq. 4 with i = [(8/100)/12], B = 1, n = 180, PV = -$150,000 and FV = $754,569.91 yields a^sub b^ = -$742.17. 

A sensitivity analysis can be used to evaluate the effects of changes on how much the engineer must contribute each month to the retirement fund if there are changes in the interest and inflation rates, or in the desired monthly retirement income. Table 3 summarizes the results of this analysis. 

When deciding whether to accept the new position, the engineer needs to determine whether the new monthly salary minus monthly expenses leave enough disposable income that he can afford to deposit the required monthly savings payment into his retirement fund. If not, he has two options. He can decline the new position, or he can ask the hiring manager if there is any flexibility in the starting salary and if it can be increased to meet the shortfall identified by his calculations. As mentioned before, if there are any tax implications, the engineer should also consult an advisor. 

Good news 

Although the math is not difficult, implementing the personal finance equations can become very tedious, especially when iterative calculations are required. The good news is that tools are available that can make the implementation step less painful. 
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Several financial calculators are available with the required financial equations programmed so that all one has to do is to enter values for the known parameters and press the calculate button for the unknown parameter. Ref. 1 discusses a variety of financial calculators and how to use them to solve various types of problems in detail. Financial analysis software for performing the calculations and generating charts and graphs on a personal computer is also available. 


Reducing mortgage interest 

Even if you are not facing a relocation decision, you might want to investigate how to save on mortgage interest (the total interest paid over the life of the loan) by making more-frequent payments (rapid payments), such as semi-monthly, biweekly or weekly rapid payments, or by making slightly larger payments. The table below summarizes the analysis using the data from Example 1 (mortgage amount = $150,000, amortization period = 30 yr, annual interest rate = 8%). 
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[image: image14.jpg]Effect on total interest paid due to accelerated payments.

Base Case, Rapid, Rapid, Rapid,
Regular Monthly ~ Semi-Monthly Biweekly Weekly

Rapid,
Weekly + $10

Payments Per Year 12 24 26 52

52

Mortgage Payment $1,100.65 $596.18 $550.32 $275.16

$285.16

Amortization Period 30.00 yr 2277 yr 22.76 yr 2271 yr

20.64 yr

Total Interest Paid $246,232.87 $175,826.85 $175,708.85 $175,002.90

$156,123.01

Total Interest Savings - $70,406.02 $70,524.02 $71,229.97

$90,109.86

Sum of Payments $13,207.76 $14,308.41 $14,308.41 $14,308.41
in One Year

$14,828.32

Difference in Amount Paid in ~ — $1,100.65 $1,100.65 $1,100.65
One Year (Rapid vs. Monthly)

$1,620.65
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Changing the savings period, opening balance, loan amount, and education cost

Base Case Scenario 1 Scenario 2 Scenario 3 Scenario 4
Annual Education Cost $10,000 $10,000 $10,000 $30,000 $30,000
Savings Period, months 24 20 28 28 28
Initial Education Fund Amount $5,000 $5,000 $5,000 $10,000 $10,000
Education Loan Amount $5,000 $5,000 $5,000 $10,000 $20,000
Monthly Savings Payment $351.37 $428.45 $296.27 $1,245.81 $921.91

Changing the monthly savings contribution

Time Needed to Save Required Amount

Monthly Savings Payment Base Case and Scenarios 1 and 2 Scenario 3 Scenario 4

$100 68.38 mo = 5.70 yr 179.66 mo = 14.97 yr 153.30 mo = 12.77 yr
$200 39.47 mo = 3.29 yr 122.91 mo = 10.24yr 100.54 mo = 8.38 yr
$300 27.69 mo =2.31 yr 93.13 mo = 7.76 yr 7433 mo =6.19 yr
$400 21.31 mo=1.78 yr 74.87 mo = 6.24 yr 58.82 mo = 4.90 yr
$500 17.32 mo = 1.44 yr 62.55 mo = 5.21 yr 48.62 mo = 4.05 yr

Constants: Time to complete course = 24 mo, Interest rate = 8%, Inflation rate = 2%



[image: image16.jpg]Table 3. Effect of changes flation rate, and desired monthly
retirement income on required monthly payment into retirement fund (Example 3).

Base Case Scenario 1 Scenario 2 Scenario 3 Scenario 4
Interest Rate 8% 8% 6% 6% 6%
Inflation Rate 3% 3% 3% 2% 2%
Desired Monthly Retirement Income $4,000 $3,500 $3,500 $3,500 $4,000
Monthly Savings Payment $742.17 $471.40 $1,37357 $1,007.51 $1,331.37

Constants: Retirement fund starting balance = $150,000, Time before start of retirement = 15 yr, Retirement period to be financed = 20 yr



