DISCOUNT CASH FLOW ANALYSIS

CAPITAL BUDGETING:  Real vs. Nominal

Capital budgeting and discounting cash flows may be confusing for some, but there is one simple rule to remember:  Discount nominal cash flows at the nominal rate and real cash flows at the real rate.  After you remember this, the rest of the problem becomes relatively easy.

I.
Calculating Cash Flows Quickly
Imagine an income/cash flow statement.  You would have:




Revenues

100




  less: Costs

 60







----




Operating Profits
 40




  less: Deprec.

 10







 ----




Pre-Tax Earnings
30




  less:  40% Tax

12







----




Net Income

18




  add back Dep.

10




  less new Investments
 5







----




Cash Flow

23

Let’s call this method the Income Statement Method for calculating cash flows.  You can see that we basically calculate Net Income and then add back any non-cash expenses that we subtracted earlier, which in this case was depreciation.  (Another example of a non-cash expense is amortization of goodwill.  There are a number of non-cash expenses which you should have learned in accounting.)

Note that we had to subtract out New Investments from our cash flow.  If we used some of our cash from operations to make new investments (such as buying a new machine), we need to reduce our cash flow by the amount of the new investment.

Some people may wonder why the new investments did not come BEFORE we calculated the taxes.  The reason is that new investments are not expenditures.  If they were expenditures that are tax deductible, they should have been above with the other costs.  However, the IRS does not allow us to deduct most new investments when computing our taxes.  Instead, we must depreciate our investments over time.   (Remember depreciation?)  Since new investments are not part of an income statement but do use up cash, we must adjust for them after we have determined net income.


A)
The Depreciation Tax Shield
One quick way to calculate cash flows is to use the depreciation tax shield method.  The depreciation tax shield is:


Depreciation Tax Shield

=
Tax Rate * Depreciation

To calculate cash flows using  the depreciation tax shield method, you just calculate the net income from the firm ignoring depreciation and then add the depreciation tax shield (and subtract any other uses of cash like new investments).

Therefore, the depreciation tax shield method in the above example would say that


Cash Flow
=
(Rev. - Costs)(1-Tax Rate) + Dep. Tax Shield. - New Investment

Where did that equation come from and why does it work?  Well, you should see that 

Cash Flow 
=
Revenues - Costs – Dep.- Taxes + Dep. - New Investments

=
(Rev.-Costs-Dep.) - Tax Rate*(Rev.-Costs-Dep.) + Dep. - Invest.



=
(Rev.-Costs-Dep.)(1-Tax Rate) + Dep. - Invest.



=
(Rev. - Costs)(1-Tax Rate) + Tax Rate * Dep. - Invest.

First, you should see that the first line above is how we calculated the cash flows from our Income Statement Method example.  Next, note that the last line above shows us the derivation of the depreciation tax shield, and why it is mathematically equivalent to calculating cash flows out using the Income Statement method.

All of this should convince you that you should NOT mix REAL cash flows with NOMINAL cash flows when using either method.  If you did, you would be adding real cash flows with nominal cash flows, and so what kind of cash flow would your overall cash flow be, real or nominal?  The answer (of course) is neither, since you mixed both in calculating them.  As a result, when you discount that overall cash flow, you will not be able to use either the real rate (since it is not a real cash flow) or the nominal rate (since it is not a nominal cash flow).  Therefore, you will not be able to discount the mixed cash flow at all, since a mixed cash flow has no meaning.  Since our ultimate goal is getting a present value, you can see that the mixed cash flow is both meaningless and useless!

II.
Methods for Calculating an Overall Present Value
Now that you know how to calculate some cash flows, you need to know how to discount them.  Oftentimes, you are given a problem where some of the numbers are in real terms and some are in nominal terms.  Generally speaking, there are only three ways to do the problem.  The first two ways are to construct an income statement which is either all in real terms or all in nominal terms so that you can figure out your overall cash flow for each year, and then present value the cash flows.  You might think of these two methods as calculating down first (adding or subtracting on the income/cash flow statement) and then bringing back (present valuing the overall cash flows by dividing by the discount factor).  The third way is to present value each piece first, and then make a present value income/cash flow statement.


A)
Changing EVERYTHING to REAL first, then discounting
The first method is to change all of the cash flows to real terms, and then discount.  In this method, you are going to add/subtract all of the numbers first to get an overall cash flow per year, and then discount each cash flow back to the present.  It is here that the distributive property comes into play.  The distributive property is the reason that when you use this method you must change all cash flows to be in REAL terms before you discount at the real rate.  (The distributive property also requires that all cash flows have the same level of risk if you want to use this method.)

To see this, think again of the Income Statement Method above.  Assume that all cash flows (including depreciation) are in REAL terms.  We got that:

Cash Flow 
=
Revenues - Costs – Dep. - Taxes + Dep. - New Investments

so, in shorthand, 


CF

=
R - C - Dep. - T + Dep. - I



Let’s just consider the first year’s overall cash flow in real terms. If we now discount our cash flow, we would divide the cash flow by (1 + r) where r is the real rate, or


PV = CF/(1+r)

so


PV= (R - C - Dep. - T + Dep. - I) / (1+r)

Now, since dividing by (1+r) is the same as multiplying by 1/(1+r), we have

PV
=
1/(1+r)  * (R - C - Dep. - T + Dep. - I)

By the distributive property, C*(A+B) = AC + BC, we get

PV
=
R/(1+r)   -   C/(1+r)  -  Dep./(1+r)  -  T/(1+r)  +  Dep./(1+r)  -  I/(1+r)

Now you should see the problem.  If some of the numbers above, such as depreciation, were not in real terms but in nominal terms, we would be breaking our primary rule, which is to discount real numbers at the real rate and nominal numbers at the nominal rate.  Therefore, if you are going to calculate an overall cash flow number before you discount, you must first convert all of the numbers to the real rate and then create the overall cash flow number and then discount by the real rate.  If you don’t convert all numbers to the same type, you will end up effectively discounting one or more of the numbers by the wrong rate, since you will be discounting the overall cash flow number by just one rate and the distributive property will apply that rate to all of the numbers you used to calculate your overall cash flow.


B)
Changing EVERYTHING to NOMINAL first, then discounting
By now you should realize that everything mentioned in the above example for changing everything to real will also hold true if you change everything to nominal first, and then discount.  All of the logic above still applies, since the distributive property still applies.

To change a number from real to nominal, you merely multiply by one plus the inflation rate raised to the number of years away from zero that the cash flow occurs.  So, to get the nominal value of a real cash flow that occurs in date T, you calculate:


NominalT 
=
RealT * (1+inflation)T
The amazing thing is that regardless of whether you change all of the numbers to real and then discount at the real rate, or change all of the numbers to nominal and discount at the nominal rate, you will still get the same answer, provided that you calculated everything correctly (and that each cash flow is of the same risk). 

Why does this work?  Well, imagine that we will make $100  overall cash flow every year for three years in real terms.  If we discount them back at the real rate r, we would get:



1


2


3

PV  =

100

+
100

+
100


(1+r)


(1+r)2


(1+r)3

Now, imagine that we have inflation i  per year.  Then we would need to discount each nominal cash flow by the nominal rate n.  We would need to recalculate our nominal cash flows using the rule above that nominal cash flows equal real cash flows times (1+i)T:



1


2


3

PV  =

100(1+i)
+
100(1+i)2
+
100(1+i)3


  (1+n)


  (1+n)2


  (1+n)3
Now, if we remember that (1+nominal rate)=(1+real rate)(1+inflation rate), we get:

(1+n)=(1+r)(1+i)

so, by substitution, we get:



1


2


3

PV  =

100(1+i)
+
100(1+i)2
+
100(1+i)3


[(1+r)(1+i)]

[(1+r)(1+i)]2

[(1+r)(1+i)]3
which equals

PV  =

100(1+i)
+
100(1+i)2
+
100(1+i)3


(1+r)(1+i)

(1+r)2(1+i)2

(1+r)3(1+i)3
and since the (1+i) cancels, we get

PV  =

100

+
100

+
100


(1+r)


(1+r)2


(1+r)3

which is the same thing with which we started, i.e., discounting real cash flows at the real rate.  So, as you can see, discounting nominal cash flows at the nominal rate is mathematically equal to discounting real cash flows at the real rate.


C)
Discount Each Row First, THEN Make a P V Cash Flow Statement
This method takes advantage of the distributive property and the associative property and the rule that discounting real cash flows at the real rate is the same as discounting nominal cash flows at the nominal rate.  Recall that the associative property says that A +(B + C) = (A + B) + C.

Now, if you recall from the section above that when we discount overall cash flows in the first year,  by the distributive property, C*(A+B) = AC + BC, we get (assuming all cash flows – including depreciation – are stated in real terms):

PV
=
R/(1+r)   -   C/(1+r)  -  Dep./(1+r)  -  T/(1+r)  +  Dep./(1+r)  -  I/(1+r)

If we do this for each year’s flows and not just the first year (and assume that all cash flows are in real terms), we would get something like:

PV
= R1/(1+r)     -   C1/(1+r)    -  Dep1/(1+r)    -  T1/(1+r)    +  Dep1/(1+r)    -  I1/(1+r)

+ R2/(1+r)2   -   C2/(1+r)2  -  Dep2/(1+r)2  -  T2/(1+r)2  +  Dep2/(1+r)2  -  I2/(1+r)2
+ R3/(1+r)3   -   C3/(1+r)3  -  Dep3/(1+r)3  -  T3/(1+r)3  +  Dep3/(1+r)3  -  I3/(1+r)3
Now, written like this it doesn’t look like much.  However, if we rearrange, we would get (assuming all cash flows are in real terms):



1



2



3

PV =
Rev1


+

Rev2

+

Rev3

(1+r)




(1+r)2



(1+r)3

-Costs1


+

-Costs2

+

-Costs3

(1+r)




(1+r)2



(1+r)3

-Dep1


+

-Dep2

+

-Dep3

(1+r)




(1+r)2



(1+r)3
-Taxes1


+

-Taxes2

+

-Taxes3

(1+r)




(1+r)2



(1+r)3

Dep1


+

Dep2

+

Dep3

(1+r)




(1+r)2



(1+r)3

-Invest1

+

-Invest2
+

-Invest3

(1+r)




(1+r)2



(1+r)3
Now that it is aligned like this, you can see that it should not matter if you add down and then across, or across and then down.  Up until now, we have been adding down, and then across when we calculated an overall cash flow using the Income/Cash Flow Statement Method.  The second choice (across and then down) is the same as taking the present value of each row, then doing a present value income/cash flow statement!

To see this, note that if we assume that all cash flows are in real terms:

PVrevenues =
Rev1


+

Rev2

+

Rev3


(1+r)




(1+r)2



(1+r)3
PVcosts = 
Costs1


+

Costs2

+

Costs3


(1+r)




(1+r)2



(1+r)3
PVDep. =
Dep1


+

Dep2

+

Dep3


(1+r)




(1+r)2



(1+r)3
PVTaxes =
Taxes1


+

Taxes2

+

Taxes3


(1+r)




(1+r)2



(1+r)3
PV Invest. =
Invest1


+

Invest2

+

Invest3


(1+r)




(1+r)2



(1+r)3
So, the overall PV must be:


PV =
PVrevenues   - PVcosts  - PVDep.  - PVTaxes  + PVDep.  - PVNew Investment
Therefore, we can take the PV of each row and then add down instead of adding down and then taking a PV.  What is the benefit of this method?  Well, suppose the numbers we had for depreciation were nominal instead of real.  If we did the REAL income/cash flow statement method where we add down first, we would need to adjust the three depreciation numbers from nominal to real before we added down.  However, since we know from the above work that we can PV across first, and then add down, we can take advantage of the fact that the PV of real flows at the real rate is the same as the PV of nominal flows at the nominal rate.  Thus, we could discount the Revenues and the Costs at the real rate, discount the Depreciation at the nominal rate, and discount the Investments at the real rate:

PVrevenues =
Rev1


+

Rev2

+

Rev3


(1+r)




(1+r)2



(1+r)3
PVcosts = 
Costs1


+

Costs2

+

Costs3


(1+r)




(1+r)2



(1+r)3


Nominal



Nominal


Nominal

PVDep. =
Dep1


+

Dep2

+

Dep3


(1+n)




(1+n)2



(1+n)3
PVInvest =
Invest1


+

Invest2

+

Invest3


(1+r)




(1+r)2



(1+r)3
Now, if we assume that the tax rate stays constant across the three years, we can use the Depreciation Tax Shield Method on the PV of the cash flows to get:

PV =
(PVrevenues   - PVcosts ) * (1-Tax Rate) + Tax Rate* PVDep. - PVNew Investment
� The reason for all of the cash flows needing to be of the same risk is the same reason why they all need to be real or all nominal: if you are going to calculate an overall cash flow and then just discount that cash flow, the distributive property says that you are actually discounting each of the component pieces of the overall cash flow at the same rate.  If cash flows are of different risk, discounting them at the same rate (even if the cash flows are all nominal or real) would be incorrect, as riskier cash flows should be discounted at a higher rate than safer cash flows.  In real life, we often ignore the differences in risk across the cash flow types and just worry about the real vs. nominal distinction.
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