
Calculating Compound Interest on a Basis Other than Annually: correctly 
 
Introduction 
 
In the course of a discussion in the Financial Modelling in Excel Group on LinkedIn I found 
what I considered to be an error in a spreadsheet and offered my solution. I was told the 
source of the error was due to the gentleman concerned not being an accountant or financial 
anything and he had copied it from another modeller. I accepted the reason for that since it 
turned out to be true! 
 
There was then another rejoinder from another non financial contributor who not only said 
that there are different solutions depending on whether one is in the EU or the US but that in 
the USA the result is found by using simple interest methods. The suggestion is that APR 
(Annual Percentage Rate) in the EU is found by compounding and in the US they use simple 
interest.   
 
Summary 
 
The correct formula for compounding, for example, on a monthly basis is to divide the rate 
of interest by 12 in the compound interest factor and then raise the factor to the power of the 
number of months, m: 
 

�1 +
0.1
12�

𝑚𝑚

 

 
It is incorrect not to divide the interest rate and then raise the compound factor by m/12 
where m is the number of months: 
 
(1 + 𝑟𝑟)𝑚𝑚/12 
 
Simple interest is not appropriate for this discussion and can be ignored except that I have 
explained what it is and the differences between compound interest and simple interest: see 
the next section. 
 
Simple v Compound Interest 
 
Simple Interest is a very basic method for calculating interest: even if you earn interest on an 
investment and leave that interest in the account, that interest itself never accrues further 
interest. That is, if you invest, say, £10,000 in an account at 10% per year, you would be paid 
£10,000 * 10% = £1,000. Leave that interest in that account so that the balance is now 
£11,000 and at the end of that second year the interest payable will be £10,000 * 10% = 
£1,000. 
 
Open another account with your interest and earn interest on it that way, if you can. 
 
Government bonds accrue interest on the simple interest basis as do many forms of loan and 
debenture so simple interest methods are appropriate, just not here! 
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Compound Interest is the more usual way of accounting for interest in the context of this 
discussion since we are talking here about modelling, specifically, modelling price increases 
on sales and/or prices of raw materials.  
 
In the simplest cases of all, interest is compounded annually and we all learned at school that 
the compound interest factor formula is 
 
(1 + r)n 
 
Where r is the rate of interest and n is the number of years. 
 
So, if we invest £10,000 for 4 years at 10% per year, we find the value of our investment at 
the end of four years this way: 
 
£10,000 * (1 + 0.1)4 = 10,000*1.4641 = £14,641 
 
Therefore, the interest we earned over the four years is  
 
P(1+r)n – P  
= £10,000 * (1 + 0.1)4 -10,000  
= £4,641 
 
Where P is the principal or amount invested/borrowed 
 
Using simple interest, we would have earned 
 
£10,000 * 10% * 4 years 
= £10,000 * 40% 
= £4,000 
 
The following graph reveals the significant differences that arise between the compound and 
the simple interest methods. 
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The graph shows the interest amount due or earned over a 1 - 5 year period and then over a 6 
– 25 year period. The point here is that even over only five years, the differences between the 
methods can be significant. Over 25 years, the differences between the methods are major. 
 
Compounding Other than Annually 
 
In real life, compound interest is found not on an annual basis but on a half yearly, monthly, 
weekly or even daily basis.  The banks pay and charge interest on a daily basis. The 
calculation for daily compounded interest is: 
 

�1 +
𝑟𝑟

365�
𝑑𝑑
 

 
Where r is the rate of interest, 365 is the number of days in a year and d is the number of days 
over which interest is earned or paid. 
 
In our example, 10% per year compounded daily for 4 years: 
 

�1 +
0.1
365�

1460

= 1.00027397261460 = 1.491742971 

 
So, the interest earned now would be: 
 
£10,000 * 1.491742971 - £10,000  
= £14,917.42971 – 10,000  
= £4,917.42971 
≈ £4,917.43 
 
Using the monthly compounding formula, we adjust our workings as follows: 
 

�1 +
0.1
12�

48

= 1.008333333348 = 1.4893540986 

 
That equates to 48.93540986% over four years compounded monthly compared to 
49.1742971% compounded daily. 
 
Now For the Error 
 
The error that I found is that rather than using the above formula, the user presented this 
formula for compounding on a monthly basis: 
: 
(1 + 𝑟𝑟)𝑚𝑚/12 
 
That is, for one month’s interest rate, the twelfth root of (1 + r). In our example that would be  
 
(1.1)1/12  
= 1.0079741404.  
 
This means that their view of the monthly compound interest rate is that it is  
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(1.1)1/12 – 1 
= 0079741404 – 1  
= 0.79741404% per month 
 
Applying that rate to the example we have been working with gives: 
 
(1.1)48/12  
= 1.4641 
 
Which equates to 46.41% compounded monthly over four years. 
 
So which is correct: 48.94% over four years or 46.41% over four years? 
 
Look at this table of year end compound factors using what I am calling my traditional 
method and what I am calling the alternative method:  

 
Month Traditional CI Alternative CI 

12            22.0943               22.0000  
24            24.4078               24.2000  
36            26.9636               26.6200  
48            29.7871               29.2820  

 
The Compound Annual Growth Rate: CAGR 
 
If we extend the above table we can see the impact of the incorrect application of the 
compounding method in the CAGR column: 
 

Month Traditional CI Alternative CI 
CAGR 

Traditional 
CAGR 

Alternative 
12               1.1047                 1.1000    
24               1.2204                 1.2100          0.1047       0.1000  
36               1.3482                 1.3310          0.1047       0.1000  
48               1.4894                 1.4641          0.1047       0.1000  

 
CAGR stands for compound annual growth rate and is found by dividing, for example, 
month 24’s result by month 12s result … then month 36 divided by month 24 … and so on. 
What we see is that the CAGR is 10.47% for the traditional method and just 10% for the 
alternative method. If nothing else, the CAGR results alone confirm the error of the 
alternative method! 
 
As CAGR has just shown, what the alternative method does is to reduce the apparent monthly 
compounding back to annual compounding, in this way: 
 
Year Compound Factor  
1   =(1+0.1)^(12/12)  = 1.1000 
2   =(1+0.1)^(24/12)  = 1.2100 
3   =(1+0.1)^(36/12)  = 1.3310 
4   =(1+0.1)^(48/12)  = 1.4641 
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What is the APR then? 
 
Well, we I have just done is to show you the APR: the effective annual rate when 
compounding on a yearly basis or on a basis other than a year: the traditional method and not 
the alternative method. 
 
Is there a Difference Between the USA and the EU? 
 
No! Not really. You will find the term Annual Percentage Yield in the USA but that is 
exactly the same as I have demonstrated as the traditional method. 
See http://www.investopedia.com/terms/a/apy.asp#ixzz3XHuNYtih 
 
The Bank of America, however, says this: 
 
APR = The US Prime Rate as Published in the Wall Street Journal + The margin the bank 
charges. 
 
In this context they are talking about credit card charges in the USA and not the kind of 
modelling we are talking about here. 
Source: https://www.bankofamerica.com/credit-cards/education/what-is-apr.go 
 
What about Simple Interest now? 
 
There is nothing to say here as that really is not an option for these kinds of discussion 
UNLESS someone has fallen for some smooth talk and has been convinced that simple and 
compound interest are effectively the same: they are not. No further discussion needed. 
 
Conclusion 
 
Whilst this is not really an Excel example, I used a spreadsheet for a wide number of 
calculations and you can download that file from the link on this page. The file is a bit 
random which reflect the way that I was considering my responses as I went along. 
 
If you are new to compounding and Excel, do look at the non_annual tab as you will find it 
very useful indeed … this IS best seen as a template! 
 
There are a couple of cases where I have diverged from modelling best practise too as I used 
hard coding where I felt the context allowed: after all, I am not necessarily putting the file 
forward as a template: although I do normally do that. Time is against me today!! 
 
 
 
Duncan Williamson 
15th April 2015 
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