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"TIME-AVERAGING'' MODEL, TO DETERMINE LIFE OF CAPITAL 

The -premise is that the capital yields a diminishing cash flow over time, due 
to depreciation and obsnlesc.ence. (I failed to make th.is clear on Tuesday, hence 
Yuk.oh and Steve and Ghassan very rightly questioned the model.) If the flow never 
diminished, we would never need to replace (unless the site ripened into a higher 
use.) 

Method: (a) spread the capital cost of building over time, using the install­
ment formula. 

(b) spread the cash flow over time in 2 steps. Of course it is already spread 
over time, but not as a level annuity. We must levellizet it to make it commensur­
able with the levellized capital cost of (a). 

Step 1: convert the diminishing cash flow to a PV0 o 

Step 2: convert the PV O to the equivalent annuity, using 'the installment 
formula. 

(c) Now we subtract (a) from (b) to get the .annual rent imputable to the 
site. This is something to max. If we choose life to ntax this annual rent, we 
cannot do any better by shortening life to rele&se the e.ite for cycle #2, yielding 
the same rent again. 

Here 1.s a numerical example. A building yields $2k/year for 5 years, followed 
by $lk/year diminishing by 9%/year. K0 "" $6k~ When is the s:f.te rent .s. max? 
(I omit "k" frorn here on.) 

p _ K = 2 1 - (1 + 1)-S + ! - (1.09 + i)-(n-S~ _ 6 
i (.09 + i)(l + i) 5 

IPI-' = installment plan factor. 

Table 1 shows values when i ~ ~05. 

--------------
Table 1: PV - K~ IPF and rent~ from (l}~ ..then i"" ~05. 

{Rent• IPF(P - K)) 
"- ::::;c:;--...:. -•7; 

n 5 8 9 1C 15 20 

p -K 2.66 4o48 4.% 5.35 6975 7c47 

1PM .23 .15 .11. .13 ,10 .08 

Rent ,61 ,,69 .70 .(;9 .65 ,_,60 

·-----· 

(1) 

The ,.,~.alue of (P - K) rises :f.ndefinitely~ Sut -.r,e:1t; Utt: "'tlm.t:""*~V,~i·age~., r•~•,fl'-";(tl 

when n ,.., 9. 
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Commentary: 

1. A necessary feature of this solution is that cash flow, in the year that 
maxes rent, equals that max rent~ If lt were higher it would raise the average; if 
lower, would lower the average rent. even though it's a "time-average." 

Cash flow in this case is the value of the second ann.uity in (1) after it has 
been going for 4 years. It begins at 1~ and decays 9%/year 1 so in 4 years the 
value is 1.09- 4 or .71. (The slight excess over ~70 indicates that the true max 
actually falls at 9+ years--we only took values at one-year intervals .. ) 

2. The economic penalty for missing the optimal year of life looks small, if 
we look j\tst at the 33verage rent. But the marginal penalty ia iltUCh larger .. In 

year 10, cash flow is 1.09-5, or .65, 9% below max. That meana you are getting 9% 
less from the site in that year than its levellized annual value~ which you could 
get by going to the next use. 

Maxing·the life-cycle rent is a good tool for planning ahead, estimating 
optimal life in advance, at time O. You can be a little vague about it then, 9 
years ahead of the event. But in the 9th or other marginal year, the moment of 
truth itself, the choice is much more critkalQ 

Typically, at that time there is great inertia in the way of a chenge in land 
use. Few economic mistakes are more common thart that of deferrlng replacem':!.nt too 
long. '!be penalty is loss of potential rent, but often more than that, loss of 
entire industries~ decay of central ci.ties, etc. 

3 .. A common way of perceiving 11'2 is to say that your old building is yielding 
less than a market return on the site value. Site value is foi.md by: 

s • level ~ent s 

i 

ThereforeD S ., i • level rent, back where we started. S t~omes from rent; not the: 
other way around. 

4. Another approach is possible if Sis "exogenous"'--i .. e. already known. In 
the above method, we determined max rent and optiinal life simultaneously (using 
trial and error, which a prog~at!llllable ealculator allo,ffl)~ Rut {f yo~ know s-~.g~ 
what another buyer will pay-then optimal life is when cur.rent cash flow croae~s 
under S • i. 

You can easily show that this is the year uh~n you m~x the PV of 
(cash flow+ S(l + i)- 0 ). Try this as an exercise. Let S ... ~7~Q. ot· lf1, and you 

,05 
should get 9 years. 

If S ) 14 you t 11 get less than 9 yea1rs; but you i 11 alst) g~t a lif~-cycle 
average rent less than • 70 t ( even thcugh the ma'.f.'glnal rent 'is highex:-) ,; TM.s t.1:11ls 
you your whole investment is a mistakf:. Try a:g.a:i.n, ot'. G•?lJ the- r:dte. 

If S < 14 you' 11 get more than 9 years. But thfa tells ycn.:i tl,et you.~v,? 
undervalued the site. You can do better by g,~ing to 9 year:s. Don~ t let s1-i@e 

dingbat appraiser tell you what you c.,rn sque:t:..:e from yo . .\, ae,s:et,,;..,-yot, m,,,:r <l:'l ,; .t: t 
better! 

t Remerriber to fellow all ,of Eqn, (:0 • 
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