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OPTIMISZATION OF INVESTMENTS DECISION§
Is the underveloped world skipping the opportunity?
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Abstract

One of the basic principles of solving problems is separating the problem-solving phase f[’ 0':
implementation. It is believed, in most cases, that if a correct algorithm is pursued in the prob' et';’ g
solving phase, then implementation is likely to lead to a desired solution. Sometimes, /1Q!V?V€" om
problem-solving phase is carried out, and probably simulated, in an environment quite dzstmctﬁ'de[
the one in which implementation eventually takes place. Even with a mathematically sound modet

i . . . pelr
and an acceptable logical-flow of events, what may be looked at as side-issues can seriously hamp
implementation .

In this paper, we’ll be looking at the concept of investment-decision making, and the efforts that ar et
constantly made to ensure that correct decisions are reached. We'll be arguing that inves{m(fe
decisions optimization models are not necessarily a panacea to poor investment oulcomes n ’
least developed world, albeit being rigorously efficient. We devote more time to the problem-solv’”g
Pphase, and as a result we postpone implementation, without calling it off altogether.
Introduction the best decision out of a number of possible
Our primary objective, in this paper, is to present  alternative decisions. Naively said, there has beer;
a reasonably self-contained discussion of a need to isolate the best from the rest. MOS
Investment Decisions Analysis based on two models in finance are statistically based, ‘f"d ast
normative models, under different conditions. such they do represent a relationship withou
Investment Decisions Analysis is the driving indicating any course of action to be taken. Thes€
include the Market Model, the Capital Asset
Pricing Model, etc.

force behind any economic prosperity, and a
retarding factor behind any economic failure.
Over the period of the past thirty years or 50, a I
good number of Tanzanian parastatals rose and Apparently, neither the Market Mode
fell. The past decade or so has witnessed an  nor the CAPM does indicate what partlcular
increasing number of them going bust. Something  values of beta and sigma respectively, should be
should be seriously wrong, and a search for a adopted. Such models are said to be descriptive-
solution has to be mounted. And whatdo we come ~ On the other hand, normative models may contaif
up with? A nice set of two optimization models, descriptive submodels, but differ from the !‘ormer
Dynamic Programming and Contingent Claims in that with them, it is possible to determin€ the
Analysis. best choice, or course of action, usually referred
to as the optimal choice. It is in the above context
that we’ [l be conducting our discussion. We start
off with a brief theoretical exposition of the two
models, the underlying assumptions and finally

we proceed to issues relating to their applicability
in both time and space.

At different times over the past four
decades, Dynamic Programming, and more
recently Contingent Claims Analysis have been
given agreat role to play in Investment Decision-
making. The basic reason behind this
development has been the need to come up with
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P
TIEE“\:(I)EW OF THE MODELS
would usumael;holds are, .in faf:t. very similar and
applications );3 eat()j to identical results in many
Would like {o ut 'efore we proceed further, we
the nature ;?ake a distinctive remark about
Programmine these methods. Dynamic
too] generall; ;s a'mat'hematical programming
1S power derivpphed lq dynamic optimization.
Single large re;Ifrom its ability to break-up a
Problems hel:]O em !nto a sequence of small
Dynamic }’roo ce making it more manageable.
asingle Iarneorammmg is an approach to solving
small Pmblzmpsmblem by.solving a sequence of
tlme~dependem' As such it allows us to solve a
Period problem problem as a sequence of one-
Period depeng s, where t‘he parameters of each
on the period being considere-l.

<(:|)enri:::; ?ther hand, Contingent Claims
. be und rme financial economics. It can
lnve:,;tment 'el stood by considering an
Stream of caz;,o!ect that is characterized by a
Uncertajp thro ll]'ﬂows and out-flows that are
some UHCena-Ugh time due to being a function of
O profits f'rorl: events. If you ownsucha project,
Uch assets 5 it, then you own a valuable asset.
Should’ve , re widely traded, therefore your asset
OWn s oy d'_na"ket value. Even if the asset you
assets shou|d]recuy traded, a portfolio of traded
Teturng from be able to replicate the pattern of
Your asset nyour asset. In this case, the value of
replicating 1ust bl? equal to the value of the
Createq forafbo'rtfoho, otherwise room will be
You knoy th itrage opportunities. It’s only when
determine th € value of your asset that you can
€ optimal investment policy.

Analysis
€asily

ConT

!

IntrOd:c?oE ,T,T,_C LAIMS ANALYSIS: An
ook

Ontin .

'SCUSSEZI}:- Claims Analysis can basically b
0 Wait, abom three perspectives, viz; the option
Project, Oandon, and temporarily suspend 2
"eflectiye oufr exposition here will be muc

Nalysis 4 the theory of Contingent Claims

indyckr (90, ipOunded by Dixit an
f‘band()n 94). With temporary suspension and
wreVerS":.]?"‘v the initial assumption of

ility, which is associated with th

Olvens:
entio -
nal NPV rule is relaxed, thus providing

escape routes as the operating profit of a project
persistently goes negative. To quote Dixit and
Pindyck, “When we consider investment and
abandonment(or entry and exit) together, a firm’s
optimal decision is characterized by two
thresholds. A sufficiently high current level of
profit, corresponding to an above-normal rate of
return on the sunk cost, justifies investment or
entry, while a sufficiently large level of current
loss leads to abandonment or exit. Now suppose
the current level of profit is somewhere between
these two thresholds. Will we see an active
firm?" The answer is provided, not by the current
state of the underlying stochastic variable, but by
the historical profit fluctuations.

ooks at Investment from
simply the act of
¢t in anticipation of

This approach |
a broader perspective than
incurring an immediate cos
future rewards. From this perspective, a firm that
closes down a loss-making business is also
investing, and so will bea portfolio manager who
postpones investment in anticipation of higher
rewards later. Investment is considered to be
either fully or partially irreversible, in the sense
that no initial outlay can fully be salvaged should
things go wrong. Investment is also characterized
by uncertainty, which surrounds both inputs and
outputs. Finally, investment can be postponed or
delayed in anticipation of more usefu
information. Optimal decisions are reached
through a continuous interaction of the three
characteristics. F ailing to recognize this important
interaction, spells a tremendous failure _in
identifying, modeling and solving financial

investment problems.
sical investment
mong them, the conventional
d what is known as Tobin’s
in 1969. Ina typical
Net Present Value

A number of neoclas

rules are known. A
NPV, IRR rules an
q, developed by Tobin

-room t e statement, the !
:fllzsst::zs th;,tp « _acceptan inv?stment ifits NPV
is positive, otherwise do not-.. » The NPV itself
is computed as the sum of an outlay and all
anticipated discounted ca§h f'lows f’f the

very crucial item in the

investment. A _ ol
fthe NPV is the determination of

computation 0
«what to discount”. Brealey & Myers® suggest
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that three general rules be applied in determining
what to discount, i.e. considering only cash ﬂov{s,
considering them only on an incremental basis,

and being consistent with the treatment of
inflation.

The Internal Rate of Return investment
criterion derives fiom the NPV m¥E. It can
simply be stated to be the highest interest rate we
can afford to pay out and sti]] break even. This is
therefore the discount rate which make the NPV

equal to zero. Computing the IRR requires a

simple trial and error approach, playing around

with the rate unti| you come up with the one that

equates the NPV to zero. The use of this criterion

will therefore stipulate that the discount rate not
exceed a given level,

for the Project to be
aceepted.

Tobin’s 4 is simply the ratio of the
- market value of assets to estimated replacement

cost. This criterion was developed by J. Tobins
almost thirty years ago. The ratio looks Iike the
market-to-book ratio, but there are 3 number of
differences. The market value of assets in Tobin’s
g ratio combines al] the firm’s debt and equity
securities, while the denominator puts together
all the firm’s assets, entered at what it would cost
to replace them, According to Tobin, firms have
an incentive to inyest when q is greater than one.
This is when capital equipment js worth more than
the cost of replacing it. The incentive to invest

vanishes as capital equipment falls below the cost
of replacing it [p this

_ case, it’ll be cheaper to
acquire assets through merger than procuring new
assets.

The foregoing rules have beep applied,
onventionally, both j

N business schoo]
as well as ip industry, However,
experience over the past fe

e 6 No. 2
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; 6. Some
probably higher than that of interest r'alfrse of the
have argued that this spells the fal " iding
neoclassical investment theory in [\)/estment
reliable empirical models of in
behaviour.

; eal

The intuitive underst'fm?mxg ;{e;ce.
options can be drawn from practlcah eorl; ivesa
While the neoclassical investment? en o dition
clear cut decision to invest when a g“\’/eis positive,
is met, for instance invest if the NP Dixit an
this is usually not always the cflff[;ims invest
Pindyck have the following to sayi.e]d S etum in
in projects that are expected to y ' cate. ...SUC
excess of a required, or ‘hurdle% o imes the
hurdle rates are typically three or eC;t ntil price
cost of capital. ...firms do not inv  verage cost
rises substantially above Iong—ruﬂbelow average
~and price can fall substantially - vestment OF
variable cost without inducing disl Hict with the
exit””. Why so? It all seems to' (i[(‘);is puzzle can
neoclassical investment thegry : d option va ue
be resolved once irreversibility an
are accounted for.

AND
DELAYING INVESTMENTS

IRREVERSIBILITY ent abou
We started off by making a Statezlntiona :
assumptions with which the con the assumption
rule comes with, among them was le. Co ntingent
that investment is fully r;vers:b :umptiO"
Claims Analysis comes with an alsl eV ersible:
investment is either fully or partially sibilities ©
On the other hand there’s the plgf,ked at wit
delaying investments should be 1d mean riskl_ng
care. Delaying an investmeqt cou words, quic
entry by competitors, stated in Oth'ermay preemp
investment is probably gOOd' as it 1d also mean
investment by competitors, it coﬁowever, must
getting there first, All these: costs, fits associat®
be weighed against potential bene which are
with the arrival of new informatIO"'d’ the valué
often enormous. Stated in other Woi.fsa;gainst the
of waiting must always be traded o the perio
loss of the profit flow incurred durm'%~h e optimal
in which investment was postponed. 1 of the
decision made is, as a rule, a fu'nctlont e
model’s underlying risk and the discou

t the
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In terms of irreversibility, i

is similar 1o o friSI:Z:Lty,llnvestn1er}t opportunity There are four basic assumptions underlying th

financial cal| option oils cahll option in th.at a  method of Dynamic Programming’ They:;r%l .
not obligation. to gu :35 the holder the right, assumption is the segmentation of ;slsingﬁe larag
eXefcising tho ontion is)i an as'set. P.{ow?ver, problem into manageable sub-problems. The
Option is out of the rreversible, since if the  other three assumptions are: The single 'Iarge
t0 simply walk awWne/ly and the holder.decides problem can be solved through sequential
option price that wz:, s/e can nqt retrieve the decisions made at different stages sub-problems
The option to 1y S_pald to acquire the option. ~ are more manageable thanasinglej large one, and
fhe foregoine ce;sst is :hcrefqre very similar to the Bellman’s Principle of Optimality, w’hich
investmen ngome.' ffl flrm acquires an states that: “An optimalsetofdecisions(apolicy)
Commensurate. 1o Inity in anticipation of a has the property that if a given decision is optimal,
things 2o the ot urn, anq at the end of the day, then all subsequent decisions depending on the
Spent to obtain er way, it can only lose what it decision must also be optimal.”

it invests only if1tf;1nve.stment opportunity, since
it has gone donyn. e price has gone up, but not if

The principle of optimality together with
the segmentation of a single large problem intoa
sequence of small problems, suggests the
backward approach used in Dynamic
Programming problem solving methodology. If
we do so, argues Bellman, we are assured of

finding the optimal set of decisions.

Analysis Ig;app]',cflbi“ty of Contingent Claims
of the iﬂvesnes with the assumption that the risk
SPanncd by 1nent can be replicated, or at least
assumpti ¢ .Pol’tfollo of existing assets. This

n is by all standards too much

emanding.
y, Dynamic Programming

DYN AMIC p looks at decision-making in multistage processes-
Introdyct, ROGRAMMING: An Ingeneral, Dynamic Programming seeks to find
So what, if ory L.°°k a solution to an optimization problem in a

°nlinée the ba§|c assumption associated with sequential ‘manner. Unlilfe ot@er ma'thematlcal
emand;, n{)tTClan’ns Analysis is much too programming method§ like linear, integer, or

O"tingen%.(:],:l.ere san lmmediate alternative to guadranc, it lsh rtlot al s'lngle-.t;ohlltllon algonl%
associated wih ptimization problems a7® usually ?y Sl? Vmaaieq elne a tisme—dg endent. roblem
POssible ident a "U.mber of different factors. The it allows us eoo;zr:,e- eriod ro}l))lems w‘l:ere he
l‘elatiOnshi htification of those factors and theif . Seqtu eni)f each griod dz end on,the eriod
he un derfsz and the functional formulation of pa{a:leozr:idered P P p
Problem 4 y",‘g problem, together make the being € ’

subject of mathematical programming. TERMINA TION OR

DYN

yna/:;{\iuc PROGRAMMING CONTINUATION qscnsuons ’

I Programmi i pranch of One of the great Socrates tenets was thataman's

Mathematica| . ng Is a first happiness of well-being depended directly on the
Ormalized in programming. The method W:lS I;S badness or goodness of his soul, and that no oné
'S conside a book by Richard Bellman  © 10 ver wishes for anything but true good. In this

fogrammin re<\jN' th.e fat.her of Dynaml: sense then, any wrong-doing can only be
Problems c% ith it, a wide range of e;(tremh considered involuntary- we’ll base our argument
Problems ho‘\:,] be attempted. M.OSt 0 sugd ona simplified case in which an investor has a
85 Such in sofotn of adynamic 7 ature, and & ry choice. We'll be basing our reasoning on
solving them time 3 2 variable of the the decisions which the Tanzanian'® government

SeqUenC.

Ing of o i onsidered. . .
perations should bec had to make concerning the ill-fated parastatal

organizations OVer the past few years. We

Essentiall
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ishi i will continue
therefore take-off with a belief that an investor wishing for not!'ung o{her than true good,
with the project only if it’s worth doing so, otherwise s/he will sell it off.

L - ider a two
Now let’s seek for the true good by going by the following illustration. Consi el
: is com
period investment opportunity to costlessly produce the product X. The investment i

. . i tuity. The
irreversible, and the initial outlay is /. Only a single unit of X is to be produced in perpe

ere . . . ext el'iOd, i-e‘
prevailing interest rate is 7. Now suppose the prevailing price is P, , and in the next p

e n with the
period one, it will either g0 up by the magnitude #, with the probability p (U), or go dow

ice will be
magnitude d, with the probability 1 - p(u). In those two cases, the new levels of pric
(Po + P, u) and (P0 - F, d) respectively.

) the
. - i let’s denote
Now let’s assume that the Investment opportunity is a now-or-never choice. So

expected present value of the revenues accrui

. his value
ng from the investment by ¥/ . Notice thatt
will be the sum of the current

. asset. Also
price of the asset and discounted expe.ctefi price Oigh:n the normal
notice that discounting starts in year one to infinity, and the expected priceis f;om;;u ccurrence. Thus
way by simply weighting the expected price movements by their probabilities of o
we get:

| e |-
O o= Rt fp@a(1+uys (1- p)i-ay, oM A,

. 1]
. . . H ro resslon .
Notice that the discounting factor js a convergent series, a special case of the geometric prog

. m
; ' the first te
To get a clear intuition of this series consider the sum of a geometric progression with

1 1

1 1 . ic 4 special
—+—+.e sisasp
one and the common ratio a half, This is the sum: 1+ -+ —+—+—+. Thi

4 8 16

Case of geometric progression, and its sum converges to two. It can immediately be noted

3 added’
the first and the second terms gives lz, which is less than two by exactly the last term

S l tly the last
adding the first, second, and third terms giveslg, which is less than two by g’ exac r
term added, it so goes on to infinity. Said in other words, the sum of the geries gets ?loser a?gc(i:lzstle)’
10 two, but never actually reaches it. It can be made as close to two as possible by taking a su
large number of terms,
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0_]‘ mnance ﬂ"d Ma”ageme”t olu
‘ irna. 0.

The valu
e two, is calle i f h dtob
conver - ’ d the Ilmit (o] th i 1
. o e sum of this serie Seri vi a limit are saia to
on all o S. OEries ha Ing suc imi i
Mminus ¢ . n :ratiy l;e Sullll. COI;’)VCI'geS to a number given by the first telT]Tll dltVde(si LytOIlee
0. mbolically, and b going straigh i or '
common ratio. Symb y y ght to our discounting facto
T, where both

the fir
st term _—
and the common ratio are given b : > i
g Yy (] | r) the sum will converge at:

@ s = /(“‘") =(/(l+r)) (1+r)
1‘/(1”) rr-1_

Inde
ed, ou
» our expected P
V of the revenues accruing from the investment becomes:

S |-

@) v,
o =P +|p
Yields: 0 [1 (u)(l " u) Fo+ (1 —-p (u))(l -d ) F o]}- Expanding the coefficients ofl
’

A
frll (”)J'p(“)")f’o+(1-p(u)—d’+p(u)a’)1"o}1 J

4y -
] 0 Po+{ﬂ,[l+p(u)(u+d)—d]}l J
rV. = r
0 rP0+P0[l+p(u)(u+d)—d]=>rVo=P0

[r+(1+p(u)(u+d)—d ]

Whic
h €ventually becomes:

@ ry, -
Vo= B [r+1+ p)u+d)-d =" _p[i+

r +p(u)(u+d)—d];-.

vestment is greater than
| realizes the difference

the investor gets

The

Investm
ent i :

s made if there’s a positive payoff, i-e. if the value of the in
firmor individua

e am
Ountto be i
¢ .
invested. In this case therefore the investing
ortunity is skipped, and

v
o =1 If
+ I, onthe
other hand,V, < I, the investment PP
s Zero rewards whether investment is mad

e or not. SO if

Zer0. Th
€ bl‘eak even point VO —_ I offe
4 s
then the samé is given as:

We d
€ net payoff from investing nov by 20>

Q =
0 = max [Vo -1, O]A
estment t0 period one, and

lity p(u) theprice could

he firm decides to wait,

postponing the inv!
that with a probabi
d. Therefore if t

Now
let’s t
a
ke a turn and look at the possibility of

the
reaft
er conditi
ditions remain the same. W€ said above

goy
Pby u
> and with a probability 1 ~ p(u), drop by

the rio;
Price i
€ In period one will be:
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Py + Byu  with probability p(u),
) A= Py~ Ryd  with probability 1~ p (u). ~
As in the previous illustration, this stream of cashflows can be discoun‘ted.back to pt?rig(tj) 0'\15;:}?:;%
that though the price at period one can be computed as the expected price in that period by & ot
the jumps by the appropriate probabilities, we prefer to adopt a generalized symbol. P, , ins
Thus we can express the investment value as:
P P,

b d
€) %i=hs { +l r)+ { +Ir)2 ! (1+]r)3 ¥+ Here again, we've P, as the first term, an

1

—_ . . iven as:
the common ratio (I_H.)‘The value of investment is therefore g

P P,(l+r) P1(1+r) .
(7) " - él + ) ) l+r-1 - T And here again, investment will be made
r

. and F,
only if there’s a positive net payoff F}, thus F, = max [V, -1, 0]- Notice that both 7,
are random variables. A

- . computed
gain, notice that the expected net payoff in period one can be
basing on the currently

available information as follows:

@)L [F]= p(u)max[(uu)M_ I O]Jr(l_p(u))max[ (-a)> (lr ) 0},

. . ] ) i o the following
Equation (8) is known as the continuation value and we can verbally express it in th

. o S dO\Vna
way: The value of the investment in period one depends on whether the price goes up or goe
and they both occur with given prob

. their
abilities. Therefore weighting the expected price leveldS\l/)g’lue of
corresponding probabilities and summing up, gives , in the very ordinary way, the expecte
investment as above.

i . . investor,
Now notice that if the decision is made now, there are only two choices available to the inv
i ) . . . . . iod on€
that’s either invest now, if Vo —1>0, and pocket the difference, or wait and invest in perio
lue given above, The o
hat since the continuat

comparable terms with ¥ — I > 0, it must be disc

. . . i eStor
ptimal decision is the one that makes the inv ht to
ion value starts in period one, to be broug

: if
ounted back to the current period. And finally
we denote the NPV of the investment Opportunity by Fo ,

©) F= max{ Vo1, (1—17)50 (E)}-

Equation

pocket more. Notice again, t

we get the following expression:

(9) reflects the basic idea of Dynamic Programming,

of the general Bellman equation" . In this instance we had only
number of periods, the same procedure can recursively be ap

. ial cas¢€
precisely, it represents a special

; iple
two periods, but even with a mul:lf)he
plied. It should also be noted tha
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Now-or-n i

and e E;/er choice we had earlier, is arigid one,

unfolds & alfc]e to wait and see if anything useful
) exible one. Any difference between

the tw
O net payoffs, F; —€),, can only reflect

the valy
e , . .
o the Op:)igthe extre flexibility, that’s the value
arises: Wi nl to wait. Then a crucial question
y should this flexibility have value?

To
atwhat hap :nswer the above question let’s look
First of ol [l)) ns \\th.en an investor decides to wait.
» DY waiting, the re i
g, venue in the current

period P,
is .
o » 1s foregone, this seems to suggest that

inVestm

e

Waiting ';tlsllo}lld be made immediately. But
o implies not dishing out the

amount
» probably a good decision if the same

amount :

fnterest.cgz’t n t.he meantime, earn positive

Nvestment ¢ notice that the future trend of

they are ey osts plays an important role here. If

reasonable't';e.cted to rise, it may probably be

10 80 down Invest now, but if they are expected
» Waiting may be preferred.

INAL
c PAYOF
ONTINUATION VALUE ]

Let,
Sassum .
e that ata given point in time 7', the

decisj

on pr .

fina| pay:ﬁ?l:e'ss is forced to terminate with the
eing a function of the state reached,

and deno
ted
by €2, (x r ) In other words we

Cither |y
t"rminat?g.:3 to stop the process and take the
Continye f, payoff, of wait a period more, ie.
arises. g¢ br one period, when a similar choice
Making fhey' terminating or stopping wé refer to
We meap Investment now, and by continuing
Poorly vaiting. For an illustration consider 2
Closure p;lrfo"mi"g firm that is contemplating
Cither v;ait]e firm has basically two options, t¢
Iealize eithOne more period, that’s continu¢ and
OWn ang °r a loss or, if lucky, profit, of close
i realize some scrap value of its assets

lnln
us
any relevant costs.

VIS

NOW :
if
We denote the profit by Pr (x ), and the

term;
s ,
tation payoff by (2(x), then eduatio”

)
0 . .
» Or rather the Bellman equation becomes:

103

10) F@x)= max{Q(x), Pr(x)+(—l;lp—)E[F(x‘)|x ]}.

Now looking at equation (lO)above we

immediately realize that for it to be maximized,
as the RHS stipulates, there should be different
values of the state variable X. Apparently, it’s
not likely to have the same values of the state
variable equating the net payoff from termination
to those from continuation. Drawing a line of
demarcation between those values of the state
variable which maximize the function through
termination and those which do the same through
continuation can be a truly challenging task. We
find this to be a crucial issue especially in those
countries with severely constrained investment
capital, rudimentary forecasting tools, non-
positive real interest rates, and generally poor
economic progress. In most such cases the
decision to either terminate or continue is not

optimal-oriented.

es seem (0 suggest

A number of authoriti
t-off point, which

the use of the so-called single cu
we can denote by x, with termination optimal

n one side and continuation on the other.
hall soon see, such an approach
is quite impractical in our parts of the world.
Given the prevailing capital problems in the
underdeveloped world, there’ll be an option to
incur more and more l0sses now, tomorrow, the
day after, etc- in the hope of @ turnaround in an
unforeseeable future't. In other words,
irrationally forcing matter.

s well beyond any
rational cut-off point, which usually leads to
financial stress-

o
However, as we S

[t should be noted that Dynami.c
g and Contingent Claims Analysis
y lead t0 the same results in many

different applications. The illustration made
above, pased on the former model can be

replicated with the latter, the only exception being
that the discount rate will then b.e an endogemzed
quantity. The two models d-lffer only in the
underlying assumptions. In this paper we argue
that neither of them is @ direct panacea to
investment problems of the third world. The

programmin
would usuall
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following section addresses just that.

WHAT THE MODELS CAN NOT TELL
Having explored the power of the models and
the optimal results that they yield when all the
necessary conditions are met, it’s time now to turn
to the question relating to the robustness of the
models. It is important to note that just like any
other models, both Dynamic Programming and
Contingent Claims Analysis are constructed
under given assumptions, conditions and
requirements. Precision of their results will
depend much on these assumptions holding,
conditions met, and requirements fulfilled.

THE METHODS’ BASIC
ASSUMPTIONS

Both Dynamic Programming and Contingent
Claims Analysis, have inherent problems, which
should be carefully considered in applying them.
The first one involves the problem relating to the
choice of the discount rate, which is subjectively
made, and the second one has a problem relating
to asset replications, which proves to be quite
demanding on the market’s side. The application
of the two models can indeed be highly

complicated, if not impossible, in a country like
Tanzania,

Consider Dynamic Programming which
comes with an exogenously determined discount
rate. Tanzania is characterized by highly dynamic
inflation. The only comfort here comes from the
fact that the direction of the inflation is almost
always known to be upward, and this may make
inflation rate forecasts possible. But it should be
noted that the frequency with which inflationary
changes occur, can seriously affect precision in
forecasts. On top of that, in order to reach an
optimal solution, Dynamic Programming works
backward in a recursive manner. Now consider
the case of an infinite time horizon.
Fundamentally, such a scenario frees the Bellman

equation from the bondage of time f, byt

maintains it as a function of the state reached at
that specific time. This will be true if the profit

flow Pr, the discount rate P, and the transition
probability distribution function are al)

independent of time. )
But while the above condition can be assumeq n
many economic applications, it’s worth noting
that in some parts of the world, especially where
markets are highly fragmented and
underdeveloped, such as Tanzania, the pr.o.ﬁt
flow, discount rate, and the transition probab'lllty
distribution are not totally independent of time.
Therefore great care should always b'e taken in
applying the method in different envnronnjents-
Fortunately, however, cases of those variables
being strongly dependent on time are a'ImOSt
unheard of, otherwise plenty of arbitrage
opportunities would be created.

On the other side, Contingent Clai{n;
Analysis comes with the presumption that the ris

in the price P, of the underlying asset could

either be replicated or spanned by existing as‘set&
When there’s no replication, which is precnsel,y
the Tanzanian case, given the country’s
incomplete and highly fragmented markets'®, the
riskless portfolio cannot be constructed, hence we
cannot generate a differential equation that wou.ld
help us get the value of investment's,

Vp (P) The solution will therefore be to apply

Dynamic Programming, which, as we said earlier,
comes with an exogenously determined discount
rate. Below, we enumerate a number of furthef
problems which can directly be associated with
the models’ applicability in our parts of the world,

and in particular within the Tanzanian economic
scope.

THE GAMBLER’S CHOICE

We introduced above a special case in Dynamic
Programming, when the choice in any given
period is binary. As we saw above, this case
involves the decision to either continue or
terminate the project. The idea is simple: If the

investment is made, a profit, Pr (x) is generated,
if no investment is made, a termination value

Q(X) is realized. Also notice that there’ll be a

capital gain or loss a period from now, which is
the discounted expected value. Thus the optimal
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valu
e of the firm is expressed as:
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Q) F(x)=max{Q(x) Pr (x)+-1—£—p'E[F(x'1x]}’

Where .
x isthe state variable, p the discountrate,

and Q) :
(x) is the termination value, depending

on the st
. at .
Single cut-gf;'eac.hed' Our interest here lies in the
point, mentioned above and denoted

b)’ x. e
. H i
re we introduce what we call the

Gambler’ .
experiencz SP?]!CC' This idea derives from our
gambler ma anzanian investment culture. A
Wins are Z set a threshold, but as long as no
f:ominuOUS]y(meg by the threshold may
N anticipatio e pushed beyond its initial value
Will usually SOf future big fortunes. Though this
ase at the ti epgnd on the gambler’s financial
ime, it can further be encouraged by

borr .
owin .
assets, g, selling off, or mortgaging, owned

COntingeIthgl POUndary conditions in the
that investo aims approach are based on the idea
date °ptim;s| want to choose the option exercise
assets, Byt Wy to maximize the value of their
When one is : should not overlook the fact that
Option to inc own a,nfi out there’ll usually be an
8etting a fonur additional losses in the hope of
Investment sl;ne. Tfy ing to get a fortune, such
00sing even tlrate'gles would usually lead t©
We saw abg e llt.tle that was available, and as
Stress. We ve, this usually leads to financial
Probabilit attribute this problem to subjective
Y, without confining it to it.

TH
E REPLICATION OF RISK

CHA
Wo &AC?TERlsncs
With ass;teril:liues ‘_’fgreat concern are aSS?Ciated
¢ under| .rephcation, and the assumption that
Process!? by'“g uncertainty follows an Ito
laimg A,n Oth_ of which fall under Contingent
alysis.

t Claims Analysis

While Contingen
the

Seem
Sto g
ideally treat the discount rate,

nder which this is achieved are just
too demanding. Consider the requirement of
replication, for instance, which simply means that
the stochastic component of the return of the asset
being replicated is required to be perfectly
correlated with the replicating asset o portfolio
of assets. The jmplication of being perfectly
correlated is that it’s not enough for the risk
components to abide by the same probability rule,
but they must also coincide in all realizations.
Anyone can immediately realize that this can be
quite hard, if not impossible, to achieve, even in
highly developed markets, let alone those in the

forgotten world.

requirements U

To relax things @ little bit, we can simply
say that the applicability of Contingent Claims
Analysis can only be thought of under highly
developed markets with an extremely rich menu
of traded risky assets. In other words, we exclude
the best part of the world, including Tanzania,
from the list of the beneficiaries of the method.
This can be very disappointing, t0 8y the least.

he concept of the cutoff-line
d continuing, We should then

. .
ating curve X (t ), between

to this curve as the free
blem unfolds: How dowe

If we are to adopt t
between stopping an

have 2 demarc

them. We can refer
boundary- Then the pro

specify x' (t) alongsi

maximize, F (x,t). We can

de the value we seek to
not seek the help

of differential equations. It should
be noted that the conditions applicable to free
- cation-specific and they must

ed by circumstantial considerations.
d,sucha decision is discretional, and
as such creat€ loopholes for irrational decisions.
Most jrrational decisions made by the Tanzanian
overnment over the past three decades can be

reflected in the foregoing consideration.
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SOURCES OF INVESTIBLE FUNDS

There’s another very serious problem assocjated
with the applicability of Contingent Claims
Analysis at a national leve] in Tanzania. The
crippled economy of our country has developed
a syndrome of not being able to sustain itself. This
means that the best part of the government budget
has to be funded from outside through loans, and
occasionally, grants. Mora] hazard problems haye
either been delaying the loans or holding them
back altogether'® . Needless to say, this leads to
irregularities in both consumption and
investment. Though investment conditions are
gradually changing, in Tanzania, as is the case in
other underdeveloped €conomies, the government
is still the major investor, Al] public utilities are

still state-owned, and they’ll, probably, continye
being so for quite some time,

-60bn in 1991 o US$60.00bn
€ same period of time the
he. entire African continent were
19 -00bn ip 199 Up to US$314.00bp in

ot Volume 6 No. 2
The IFM Journal of Finance and Management Volun

The figures reveal heavy dCPe“ld‘::‘lfz ?:;
foreign capital. This may not b.e a PTOl})]:ﬂow of
own right. The major problem is thatt o the
these funds is highly unpredlc:tablc;:].at Leas 10
unpredictability of the flow of fun(fis t - de. The
irrational investment decisions being mand what
tug-of-war between Sub-Saharan Africa ity
has come to be known as the donor:?tl : likely
has been going on for years now, ﬁ'l’ of this, the
to persist into the future. As a result  betweeT
Sub-Saharan region finds itsclf trappe when an
hope and despair, not knowing ex'acll]y a5 a
how the funds will be made avallah e;;estme“t
result end up making arbitrary in
decisions.

RESULTS FROM WAITING | life are not
Most real options encountered in e tion where
simple in structure. Think of a 'Slwat any given
you may want to bail out of a project abail out be
time, and the price at which you can Further,
as random as the time you do so. d on the
reinstatement of the project will dep::tates can
market performance. None of the threde end on
be known in advance. They’ll a”-](,?nethods
probability distributions and forec:‘?rt;::accurac)’
Wwhich are likely to be inaccurate! f accuraté
of modeling remains a function 0 aranteed-
information, which cannot always !)e %ue implicit
For instance, if you decidej to wal,tlv]tnliss outon
assumption is that by so doing you "1t learn wha
the first year’s cash flow but you ne ahea

would’ve been the cash flow had you goviﬁuall)’
with the project. Sometime you Iear.r(lm value.
nothing! The estimate of the opti

ou
arnasy
however, depends much on what you le

wait.

TS
COMPLETENESS OF RISK MAF?:IEU d
There’s an issue of great impo':tance tl-m ertains
be noted right from the beginnl{lg. Thlser:1t an
to the general policy toward ane-f'tm na;kets'
specifically to the completeness of risk 'deCach
A look at Tanzania, over the past three dtoa
or so, reveals that the government'was, a: This
greater extent still is, the leading l.“ves-toﬂ;,lcnce
trend was probably born of a political in alize
from eastern Europe and China, where centr? both
Planning was once believed to combat
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inves fole

We C;??gnl::rsel\t :nd poor distribution of wealth!

option ot is belief and simply say that the

circumstan ait would still apply in such
ces, as a good investment decision

could be
; made ev
Information, en better by the flow of more

The i .
Tanza:]i’;?:cl:le.problem that a country like
markets, [y 5 cs, is that i)f incompleteness of its
take the stocha??p'ete risk market each firm will
and will have r. ic process of the price as given®
things are it alional'expectalions about it. But
of the world er’ﬁnt wnlli the poorest economies
arkets forris,k flnz;mna being one of them.
f)fWhich, o ale.hlg.hly ilicomplete, asaresult
is made. Thos of justification for interventions
repressions. vl € are the so-called financial
Frica for d hich have plagucd the best part of
financig reeCade.s. For a good number of years
ront betweeﬁrgfil(g]sl have constituted a battle
00ds institutions, aharan Africa and the Bretton

S:':;‘\'Eetrlence tends to suggest that the
hever b: \.vcen these two parties will
nOlWilhs[l es;lved, temporary coercive
Stitution aln ing. Probably the Bretton
on they as have a good rgason to be of
ressions includ;e' The most serious ﬁnzincial
00rS, urban the setting of price ceilings
SUpports Df.e’l'lt contro_ls and agricultural
“..Price sup;.)o th and Pinqyck argue that
Ucing the dor s promote investment by
wnward risk. However, the

dISagreel
prObably
Solutiong
0odg in
€ opinj
rep

priCe
“

reSult.

Ing rij ]

Unctiop img?tward shift of the industry supply
Overa]) Plies lower prices in good times. ...the

r -
~..the poleiscult_ Isa onvcr long-run average price.
to help ')l: is harming the very group it sets out
edyce ov'e hey further argue that these solicies
that eir rfall_ eCo.nomic efficiency, and admit
oull::img s perhaps a politically more
» indeeq thn-t against them. This is very trué
g Years F: s is what has been the case OVer
rdes have b conomic disputes between the WO
Feacts go o Scriously politicized. This chain-
urther irrational decisions.

CONCLUSION

Our discussion of the two models revealed a
strong symbiosis between them. Mathematically
interpreted, the value function, which is the object
to be manipulated under Dynamic Programming
and the asset value, the replicating object under
Contingent Claims Analysis are, in fact, solutions
to very similar partial differential equations.
Nevertheless, the discount rate, undoubtedly a
vital component in the valuation of projects is
treated differently by both methods. The discount

rate P is exogenously specified as a part of the
under Dynamic Programming.

objective function,
ighly delicate and will usually

Such a practice ish
require great care to handle.

On the other side, under Contingent

Claims Analysis the required rate of return on an
asset derives from the overall equilibrium in
rarkets. Only the risk-free rate, ¥ is
the risk-free rate can be
ital markets are assumed

to be complete and in equilibrium. Thus it is
evident that Contingent Claims Analysis treats
the discount rate moreé realistically than dqes
Dynamic Programming. Indeed, it does, but with
a question mark. Yes, a question mark. As we
saw above, Contingent Claims Analysis seems
to ideally treat the discount rate, but Fhe
requirements under which this is achieved are just
too demanding. We saw the requirement (?f
replication, for instance, where the stochastic

component of the return of the asset being
replicated was required to be perfectly correlated
with the replicating asset or portfolio of assets.

capital n
exogenous. However,
endogenized if the cap

Reverting t0 Dynamic Progmmming, we
ough the method does not require to0

It on the foundations of subjective
hich, as @ rule, spells potential
ot 1, and on the same
ng the theory becomes v’ery difficult
ple. However, given some
e assumptions, the
plied. Nevertheless,

see that th
much, it is bui
probability, w

grounds, testi

if not impossi '
reasonable and appropriat

method can effectively be ap
we should hasten t0 remind ourselves of our

experiences of the past. Gigantic projects like tiie
infamous Capital Development Authority in
Dodoma once set in motion could never beé
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reversed, despite the enormous losses, both actual
and potential, associated with them. The Treasm"y
still runs the ill-fated Kunduchi Beach Hotel, in
north-eastern Dar Es Salaam, until very recently,
funds were still being pumped into the National
Bank of Commerce in its death bed, and many,
many more such cases. Apparently, all this

reflects what we referred to as the gambler’s
choice.

COULD THE MODELS EVER BECOME
APPLICABLE IN TANZANIA?

We noted above that the models’ practicality
depends much on their robustness. The above
listed problems notwithstanding, if the
assumptions hold, conditions are met and the
requirements are fulfilled, there could be scope
for applying the models. Here we should draw a
line of demarcation between their potentials and
applicability. To avoid the problem of elimination
without substitution, at this level, we’ll have to
admit that the models could be workable, or at
least potentially workable, and can be used in
different controllable phenomena. If that is true,
then the basic problem is associated with
identifying, studying, understanding, as well as
modeling them. If everything is in place, the
models could find a wide range of applications,
including:

* Capital Budgeting

* Allocation of Research an

Funds, and

* Long-term Corporate Planning.

d Development

Under normal circumstances, and with a focus
on progress, the Tanzanian investors, both current
and potential, can reap the fruits of the techniques.
Of course, we stress again that identifying their
problems, thoroughly studying them, then
modeling and validating them, will always be the
Primary problems to be solved first. What we set
up in this paper is, undoubtedly, a continuation
of what has existed for long, and as such we cap
not claim originality. Nevertheless, we believe it
will keep on evolving in time and space, getting
enhanced by different experiences at each leve]
of its development. This is exactly what we seek
to achieve. Qyr attention is basically focused on
what we woulg like to call the Science of

0. 2
The IFM Journal of Finance and Management Volume 6 N

Financial Decision-making, and looking at’ll;'irs:
the context of the forgotten world. i
perspective extends the horizons of the ]ﬁn:tions
theory to cover various geographical oc e
and different economic scenarios. If anythm‘,],0 .
would prefer to see our origination traced a
that line.
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where a and r are the first term
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r" — (0 as n —> o, andsince it
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H .
r", are ultimately equal to/, hence
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Tanzania has experienced quite a
good number of such incidences in the
past, with the most outstanding
example being the Capital Develop-
ment Authority project in Dodoma,
and the most recent one, probably,
being that of the National Bank of
Commerce-currently restructuring into
NBC(1997) Ltd and MicroFinance
after 30 years of poor performance.
Given the infrastructural and eco-
nomic nature of the country, markets
in Tanzania are likely to remain
fragmented even after the inception of
the Dar Es Salaam Stock Exchange,
and apparently remain in that state for
much longer afterwards.

The subscript in the symbol we use to
denote the investment value, simply
indicates a replicating portfolio of
assets, and the bracketed P indicates
that the investment value is a function
of the price of the replicating asset or
portfolio of assets.
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and time, the resulting continuous-
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recall the loan-freezing saga in 1994/
5, which led to the resignation of the
late Professor Kighoma Malima, then
Minister for Finance.
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12:00hrs; Host: Charles Hillary.
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