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I.v Summary

, 1. The cenvral quéstion to be considered is .
whether Aifferences in staze of development, among the many
developing countries in Africa, Agia, and Latin America,:

"sheould be recognized as a basis for differences in interw

. natiohally-agreed trade and aid policies affecting them.

2+ A couvntry's slage of development is a concept -

:With.sevéral dimerslions, not simply its per capitse incomei.
. Moreover, any single indicator of development is subject to-

definitioral and statistical inaccuracies, Gross domestioc. :
product pur capita in particuler suffers from unavoidable
difficulties in +=zvimating subsistance production, defini-

-tivnal ambiguities in less developed economies, and biases

in uwsing official exwcharge rates to convert national estimates
into a cormeon cur.. ¢y, :Therefiore a country's stage of
development is reresertel in this paper by its composite
ranking, among a zroup »f 4¢ developing countries, with re-
spect to four statistical incdicatorc: (a) gross domestic
product (GDP) per capita, {b) siare of GDP produced in non-
agricultural sectors, (cs :nergy consumption per capita, '
{a) adult literacy vete, o

. 3¢ Suvsiantial differences in stage of develop=~
ment do exist among develcenir . countries, Countries near
the top of the 1iz" ¢ rerlap with some of ithe poorest
Eurcpean countries, Countries i the upper quarter have a
median per capita GDP four times that of countries in the
lower quarter, as well :s twi-e as high a share of non -
agricultural product, nerg: consum_ tion eighteen times as
great, and adult liteva:y six times as favorable, . African
countries, incluling Uganda, Tanganyika, and Kenya, tend to
be concentrated ia Lhe bo.tom half of the list, and Latin
American countrisrs ir tue top half, with Asian and Middle
Eastern cou .triec istiidbuted@ throughout the list. There is
a statistically sizni<“icaent difference between the median.
ranking of 35 for all ifrican countries and 9 for all Latin

American couni_ies, “here is almost a significant difference bebreen
-hatin Amoriica cad oL, T.us there are Objective grounds
for special concern Tor - - - Africsn countries, and to

‘developing -cuniri s,

a lesser exteant Asian ccurtr? »s, relative to Latin America.

o . 4, Depevderce on “.tal exporits, as measured by
the rat.~ of eiports to 0™, is only w. <ly correlated with
stage ‘of developwm. =t amonyg-—~he developing couniries. ‘The
Aireéttion of the cirrelssion, moreover, is that countries,

«t & lower sta-e o f “icvelopment ftend to be less depepdent

on total ixnoorts, Tkis relationship is maintained even .
efter eljustuen} for liflercpcer in size, as measured either
by popuiation or by - kei DP, [Thus internationally-agreed
poiicies promotiag *. 2l » Corte of 2ll kinde from develop-
'ing countries ¥oulé hav: ocadly similar effects on cou?triea
et widely differcot s*a-er of dev:lopment, and if .enything,
would tewv. %o fav~ e countrizs at a higher stage,

c 5, D ender : ~u primary exports, as measured by
the ratio ¢: primarv to tuiel exports, is however clearly
end significsrixy correla.ed with stage . of development among
Go 1tries at a.lower stage ¢f developw

ment tend to be more acpendent on primary exports. Thus



1nternat10nallywabreed pollcle. improving markets for
exports would be espec1ally Tavorable to countries at a
lower stage. of deve’opment. Such >clicies would tend to

narrow ineqgualitiss =zmong developing, couniries as well aé
to promote accelerateli developaent for all pflmary ex-’*'
porters, -

6. Uganda, Tanganyika, and Keny -as ‘compara-
tively small countries at = lower sta of development,
therefore have particular insterest in Lnternationdllya
agrecd policies promoting prim:ry exports. Such pollcles,
even though extended nou-preferentially to all countries,
would automatically give relatively csreater sssistanceé to--
most African countries,. Policies promoting cxports of -
trOPlCal agricultural produvuzts would of course be especially
desirable. .On the other hand, existing preferences for
some develoDing countries in access %tc markets in developed
market "economies and centrally planned economies:are
believed to be on balance unfavorable t. East African ex—
ports. Thus all things considered,. Uganda, "Tanganyika,
and Kenya seem to haveé wost to ~ain from 1nuernat10nally—
agreed policies promoting primary eroorts, cspecially of
tropical products, on a non-preferential ba31s.

: 7. At the-'ame time, U.anda, Tanbfnyika, and.:. -
Kenya, along with other ALfricen coﬂntrles at a lower
stage of development, probably would benefit lititle in the
near future from meesures improving access to developed
and centrally planned markets for semi-manufactuered and
manufactured produvets.  The bonefits of non-preferential
measures wouldécrue largely to. developing countries:-at a
higher stage of development. Preferential measures,
varyingzg in the deprce of preference according to stage of
development, are conceivable, but would be awkward toc ad-
minister, would open the door To preferences on political -
grounds, and mizht 3till be ineffecitive in the near future, -
8, Industrialization in countries at a lower
stagé of development, such as Ugaada, Tanganyika, and Kenya,
seéms more 1likely to be promoted in the.aear fulture by
means of (a) import substitution il the domestic market,
and (b) preferéntial trade arrangements with other. develop-
ing countries’ to provide larzer markets for import substitutes.
Preferential tradd'arran"emc 1ts are already internationally.
accepted in the Torm" of full customs unions, dbut.preferences for
selected. products traded among a limited number of develop-
ing countries would in some cases be more constructive.,’
"Thus Uganda, Tanganyika, and Kenya may have much to gain ..
from international acpepﬁance of 'a wider variety of pre-. .’ .
ferential trade arrangements amony m“V@lODng countries. - -

-
[

9, Prescntly discussed schemes ~f f1nanc1al sup-

Dort for developing countries suffering from- export fluc-
tuatxons would have providel zodercts: henefits .. im.the
past %o Ugenda, Tadiganyika, ‘and Keaya. Alterna%ive schemes
relaued to prlmary/exports rather than total exports,: and.
a336831ng contributions on the basis of stage of develop-,
ment as well as exgort volume, woul’ Be--ore favorable.j

“7 105 Fina Clal ald tq developing countries is =
bound to be baged ‘on a variety of criteria, of which stgbe
"of develdpment 3 only one,: However, there is a.otfqng case

for éasiér fterms on:tinmiacial aid Yo “ou1tries at & lower

stage of development, because of wneir greater d:Ll jculties
in expanding exports and the longer time needed to approach
a stage of self-sustaining growth, mhu.s Uganda, Tanganyika,

and’ Ken}a ‘1ike most other African countries, have part19ular
“interest in international agreement. o ra;ge the proportion
"of grants and de*ayedﬂ ri:payment Lcans in nancma¢ aid to

i
«7 €3 ,;,J.
countries at a lowér stage. of developmenvy,



that the ingdividual 2y are now allowed to vary. Then
i R m . .
(8) 1 Gp =5 gyl

‘1ls the minimum total transport cost where

(6) CIﬁ = m%ﬁ Cij, for j = 1,...,1’1
Furthermore
(7) Gy = Op, = Oy

is the édditional-savings*in transport costs which can be
obtained by a reallocation of amounts supprlied zamong the
xarimusﬂpointé-of;supply (assuming that the total amcunt
supplied is given) so that each point of demand receives
its allotted amount from the point of supply where transport

costs are the cheapest, T he sum

(8) G:G‘l-l-Gz

is the total savings in transport costs vhi:ck may be obtained
both by allowing free movement of suger -cryows all borders
and by allowing a realilocetion of productiiun zmong the

vayrious factories which manufacture sugar.

I1IT. Application,

ur analysis centered on the year 1970. The esztimated

4

producticn of sugar in East Africa for the year 1970 is given
in Tavle I. The meximum estimates differ f.om th2 minimum

estimates largely tecause the production levels of four new

Table I.

~

Estimated Sugar Production and Consumption. in Basgt Africe

for the Year 1970 ('0CC long tons)

Estimate Hazimum Maximum Minimum Minimum
of Estimate of Surplus IDTstimate of Surplus
Consumption Productiodn Production
Tanranyika 103 1685 62 i18 12
Kenysz : _ 171 205 34 98 -73
Uganda 111 180 89 . 160 49
Tctal
East ifrica 385 550 165 373 ~-12

Scurce: ZEest African Commonr-Services Organisation,

fectories now in the planning_éﬁagé.aré'éxéfemely uncertain,
and %were is the possibility that two minor producers in

Tanganyike will engage in large scale expansions, In addition



o the gross esftimates of production in Table I, we obtained
““X+mvm and ﬂlnAmuF estimates .for each of the twelve Tactories

RGCcted to be in operation by 1970 from the East African

S

o . . . - . . . .
Common Services Organization and the Tanganyika Hinistry of

Commerce and Indus +ry

Lstimated consumption for the year 1970 is also shown

5 were Dbasged on an asszsumed rate
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C7: in Uganda, e ¢stimated rates cf growth were determined

S
s e findings of Viiton and Pignalosa (1
The Bast African Common Services Organization, the Bast

T

Harbours, and the Ministry of Commerce

3)

né
and Indhstry in Kenya supvlied estimetes of consumption
by locality in 211 three territories for bPrevious yearse
The guality of these estimates veried, and some estimates

Wwere in terms of sugar consumed in and arcund major population

.

d-
|..4.

centres while other estimates were in terms of administr ve
areas {some containing more than one major ponulat on centre),
Using population data frem (2) and (3) and a knowledge of the
rclative prosperity and economic activity of each population

centre, consumption of suger in an adminisirative district

P

_,u

as allccated tec ezch population centr® sc that all coasumption

estimates wers in terms of population centers (towns of about
SOOO populaticn cr more) The ssitimates. of past consw --tion
of each powulatlon center and surrounaing ares ~#re converted

&
into perCcntabes of total consumption within theo country in

whicn the center was_lOCated. These percentages iere applied

ot

¢ the total consumption estimates c¢f each country = .E70

» obtrin estimates of tons of sugar consumed for saech popula-

l, ]

kY

.

tion center for 1270.

Several vproblems arose . Lrying to deturrlne the cozis
ol Transporting sugar between -zch of Lhe vwelve factories
anG each pos“lation'center. Two producers ih T2nda and two
ted special rates wi..o ihe Bast

Africen ﬁa-ﬁwayy and Harbours., A411 other produsurs Transyort
st

their sugar by rail end © - the East African Railways dnd
Herbeouvs road services - higher ratces. Furthermore the
znd Heourbourz ooinistration is considering a change

ia the rate structure so that rates correspond more clozely
“ith costs. One major change which is being ccnsidered
of the taper, (The taper refers to a

a
declining average charge per mile as distance increases.)

53N The Uzeanda rcte of'*ro“*k was aszumed tc be lower
hecause .2 large: part.of the population has a dict consist-
ing mostly of steemed plantains (metoke) which has e .

-

kizh sugar co ont dngt



The present taper is such that the charge for each additional
mile declines with distance., The Railways and Earbours
adninistration, however, calculates that the actual cost

of each additional mile is the same regardless of distance,
although there is an initial cost of lcading and handling
whicn means that the averége cost per mile declines with

iistance,

In view of these considerations, we assumed that by
1970 at least 2all East African sugar producers will have
negotiated_special rates for the rail and road services
and that the taper will be modified to reflect the Railways
and Harbours estimates of their actual costs. In order
to obtain estimates .of rates which would approximate the
rates under these assumptions, we calculated two regression
lines with total transport cherge per ton as the dependent
variable and distance in miles as the independent variable,
using the special rates guoted in (4) for rail services
and rcad services as separate samples, The regression
equations provided estimates of road and rail charges with

the following properties:-

(1) fThe charge for sach additional mile is constant
and the average charge per mile falls with distance,

(2) 4&ssuming a random distribution of +traffic over
theé sample distances, the expected itotal ravenue
cbtained using thé rates estimated from the re-
gression lines is equal to the expected total

revenue obtained under the special ratesé.
= W, —] . ..“ = T,_
/ (a) R $1 v, = nw.y 7

where § is the sample mean of the special rates, If y£ for

i = 1,e4e,n are the rates estimetasd by the regression
eguation for the specially re“:J routes, then expected

total revenuve using the estimated rates is :-

(b) RY = Woe 2_ 'Yj],

The rate ¥ is calculated from the regression equation
b .
(c) y, = &+ boxg

Y,

where the regression docificient a is determined from

4, 7Proof. Let T be the btotal annual traffic over the
sample disteances x{ for i = 1,...,n with zample rates
y; fer i =1,....n. Let wj, a random variable, be
the number of tons of traffic over the route with dis-
tance %3, If E(w) is the expected value of wj, then
since the w; are 211 similerly distridbuted E(w;) = w,
The expected total iransport revenue using the special
rates is



{Footnote cont’ d, AL, L LT e L

(a) e =3 - bR
where % is the samplé»mean of the specially rated
distances. Substituting (c¢) and (&) in (%), we obtain

(e)

i

oW, EZ‘(F - b.X + b.xi)

-

= T.¥ - ©.T.% + w.b, S: x; = T.5
R

From (b) we see that R = R', Q,E,D,

The first prorterty mcdifies the itaper to correspond more closely

with costs, and the second property ensures that the expected
total revenue on the basis of the estimated rates equals total

costs, assuming thet the traffic is randomly distributed over

all specially rated routes and that the special rates are expected

to cover total cost,

In order to determine the number of points of supvly and
demand, a certain amocunt of aggregation weas performéd. Pactories
which were within thirty miles of each other were conbined into
one point of svonly. .The trangport costs from the facteries
which were ccombined to form an aggregated point of supply were
avéraged and the averazse used as the transport coest frem the
aggregated point of supply te each point of demand., In order
to reduce the nﬁﬁber of points of demand, we tcok advantage of
~the followins theorém:

Theorem 1, Is xfj for i'= l,veey,n and j = l,e.0,m minimize

C in (1) subject to {(2) and (3), then these same values of the
xijAAminimize o
(o) - T = (o
subject to (2) and (3). °

This theorem mcans that any constant' can be added %c any row or

i3

+CKi +ﬁ%); x

any column of the transportation cost matrix (cij) and the

solution remains invarisnt,

Proof. We may write (9) as follows:=

E . ——
(10) c® = % - C. .eX. . + P o 2 x,.) + P B.o(
i 3 13713 i i 3 i J

!
e

[on

s
S’

Prom (1) and (2), we have

( e
. < > .
i1 C" =0+ TOea, + # pj.bj

Thus C° is equal to C plus & constant. Q.E.D,

It became apravent in calcu..:ting transport costs from each
factory to  sach pcpulaticr center that v. -7 often the difference
in transport cos%= to one _opulatina ceun ., say center 4, and

S
to-ancther ponuleticn center, say center B, from each point

of supply was the sams,  That is, ciA = ciB +/g for i = 1l,...,0.



This occurred whenever in order to transport sugar from

any factory to point A, it was always necessary to first
travel thrcugh point B. The transport cost matrix could
then be transformed by adding the constant g? to the B
column while leaving the optimal solution to the transpori-
ation »roblem invariant., The result was twe identical
coiumns in the transportaticn cost matrix, In other Woras,
the cost from each point of supply to both points of demand
A and B was the same, It is relatively easy %o show that
wnder these circumstances the two points of demand may be
combined into one, In this way we were uble to reduce the

number of points of demand from about 60 to 48,

If an area is a2 net importer, then it is necessary to

>gdd a fictitious source of supply so that the total amocunt
demanded equals the total amount sup?lied. The amount supplied
by *the fictitious source of suﬁply is equal to the difference
between estimated internal consumpition and estimated internal
produgtion. Inﬂéyge? tdhdetermine the trensport cost from

the fiectiticus Eéargé of supply, we estimated the cost of
trénsport bef%éen the nearest port of entry and each point of
lemand, If én'area is a net exporter, one must add a fictitious
source of démand. In ofder to determine the transport cest - to
the fictifioﬁs source of demand, we estimated the transport

cost from each point of supply to the nearest port of exit,

Having accumulated all the necessary data, we calculated
Gi’ fbe<savings pogssible frpp a policy of complete integration
as opnosed to a policy of netional autarky, zssuming that the
minimum production estimates for each factory for the year
1270 arec satisfied. We also determined Gy» the additicnal
savin s which are pCFéiﬁle if -2 minimum total prcduction
estimate for East Africa for the year 1970 is reallocated
among firms., Then we calculated G1 and G2 assuming that the

maximum producticn estimates for the year 19270 are satisfied.

The above analysis contains several implicit assumpticns.
e is that there ig an even flcw throuzhout the year between
21l points of supply and =211 points of demand., Although

production schedules in the pa2st have been uneven, a steady

Hy
i
Q

w can be achieve’ by holding sufficient stocks at each
fectory., Ir oarder o coﬁpensaue for fluctuations in 3demand,
Biocks mey be held by dealers &t each proint of demand.
hdupother asmumptiorn is that the product is homogeneous,
Although differences in gquality are probably insignificant
‘éon '

a5 far as the Bast African ¢onsumer is concerned, for the



>

vality can be a crucial factor, In working oufb

export market, g '
the solutiocns to the transportation problems, however, 1t turned
out that in most instances the factory at Wami River in Tanganyika,

which is goared to producing raw sugar, was an exporter in suf-

-

ficient guentity to éatisfy the present East &frican. ohligations
under the Commonwezlth Sugar Agreémen%; Tt is not unreasonable
4o zssume that some market can te found fer all other sugar
exported reipardless of the quality. 4 third implicit assumption
is that under neticnal sutarky (nc movement of sugar acress
territorial boundsaries) the itrapsport costs will be minimized
within each territory, and with compiete integration total trans-
port costs will be minimized on an Bast African basis, If the
divergencies from an optimal pattern of distribution are abtout
the same in either case, however, the estimate cf savings will
an

not be substantiaizy affected. -

IV. Method of Solution.

In order %o determine G1 and GZ for mexipum 2nd minimum
production cstimates, 1tw was necessary to solve eight defferent
transportation prcblems, the largest having 42 points of demand
‘and 9 peints of supply. Since an electronic computer was not
readily availsble, we decided to sclve them by hand. We devised
a gimple and fast method of computation, makihg use of the follow-

ing theoren:

Theorem 2, Let (Xij) reicesent a set of values for the variazbles

5
X, for i = 1, 00y and j = 1,.0.,m. The thecrem £alls intc iwe

: 5
A 3 = £ 3 — .
(12) s Abj for q = 1l,00e,m
thgn_(x?j) iz an ontimal solution fto the transportaticn prowvlem
(minimizes (1) subject to the restricticns im (2) and (3)) if

c
and only i{ therc sxists a s¢% of number N for 1 = lyvarsnn

such that

(15>. I¥ ¢ +

L. (> npin(e. . +X. then %, = 0
- i3 ’cxl I ( ij CK;)’ N i3

If &, . + . = min{ec. . +(X- then x%. 2 O and

ij O<1 TUNYS g 1)’ ij = 7’

=
(14) Cramn = a, for 1 = 1,..e,.1
are satis
(pb) ~ 1P } satisfies (14), then (xij) is an optimal solution

o the transportation preblem if and only if there cxists a set
e .

of numbers fgj for § = 1,...,0 suchk that



J

- ,[.’\' - m 5 ] ® - |
I Tyt O < @%x( c55 %Cj)’ then x5y 0= 0
A(iﬁ) If %y ;5 +/§j = m@x(-ci'j + f9j),uitnen xgj = 0

and (12) are satisfied.

The sbove theorem states that if it is possible to find a
set of numbers(xi and a solution (xz.) which satisfy (12),
(13), =nd (14), then (x’:.i"_j)\ is an optimal sclution to the
transportation problem. Furthermore, if (xij*) is an optimal
solution to the transportation problem, then there exists
a set of. numbers Q%;suqh‘that;(iz), (13), and (14) are
satisfied. Our algorithm consists of finding successive
appro imations %o the numbers‘qi~énd solutions (xij*)
which satisfy (12) and (13) but nct necessarily (14). When
a solution is reached (14) is satisfied as well,
The =2lgorithm may be described as follows:-
(a) Let (Xijt)\be t]%e solu";.‘i.c:«xz a2t zta~2 1 din the
algorithm, an& let*di be the veluss o7 the X, for
i=1,...,0n at stage *t.

Initially 1ét the X° be arbitra:

3
'..l
h
et
-
.
-
.
Al
jul
.

3]

Let mia{c.. + &) = ° = L
paleg; +d5) = opy +Ay = 2

Da. . =

Then set I(ba;, if i = I
j

i3 7
{O, otherwise

(b) Define the following quantities:-

£ . t .
/g 5 = min (cij ¥ o(i) for J 1,00esm

Lo AT oy I ¥ . L
Ei = Z‘_ Xij - ai for i = 1,...0731
:l:]
£ ot
E = max E
R

Then follow either of the two steps below, whichever is

aprrpriate,
(b.1) 1If E;,<TO, define the set ¢ (I') as follows:

(1) = {ﬁ lx:j7 O} for at least cne i # I

t t
Set A = nin (coy s + : - .
s f(xvy Y “r £
€ . p %t
= Cryy * Ape = m%n {oy5 + Q(i)
t +
=CI|J+O(11 T Criag T O(«In



(b.2) z1¢ B, 7 0, define the set Y (I') as follows:
X(I’)zgjl"rh}}o;

- Set . S

i i : t %

A = min min (c.. + X, = (5)

AT ey (Iv) . I *

- : i t .
S0 g &Ry ey Xt eny - Kpy)

3 % o %
=-.CI"J + OSIH = C-IIJ - O(IQ

(c) In order to determine'theo(i and the xij at stage

T + 1 set

t : LN
o B 10 v 4, ir B, 0
i - .
t ) t
v " A s . ir EI' Z 0
1 -t s o
A I+ = Ay for . i A v,
and set
t+1 7t L
xi,j = }”ij | for 3 # J

For j = J, use ocae c¢f the followic, Ffeur rules, whichevey

is applicable:

-—
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In order that the system- approach equii%lh“ﬁg,
the_asking prices must be al tered,. We zssure "hat the
supplier at point I' who has one of the largest excess
demand or excess supply is the first 4o modily his

. . t . .
asking price X If the supplier at peint I' has an

e

‘. £ ~ . .
excess demand‘(E;’ ;>O), he raises his asking price by an
amount 4\ sufficient to cause buyers from at least one point
of demand to ask for sugar from a supvlier at scme point
cther than.I'., In orier to determine A , one loockz a%

all points of demand from which buyers ask for suzgar

kx

from the point I'; <this is the set{(I'). For sach of
these points of Zumand, we determine the minimum rise in
price which will cause bﬁyers from that point to go
elsewhere because the asking price plus transport cost

is lower. Then we et egual to the least of tThese minimum
rises in price. Waen the esking price at point I' is
raised by A , buyers from the point of demand J begin

to aszsk for sugar from point I'' instead of I', thus reducing
the excess demand at I!', Now if the supplier at point I!
has an excess supply, Y« lowers his asking price by an
amount & . In this case one determines 4\ by first
looking at all poiunts of demand from which buyers are
asking for suger from points other than I!'; this is the
set Y(I') for the case where Bys < 0, Then for each of
these points cof demand, we determine the reduction in
agsking price necessary to cause buyers to switch to the
roint of supply I'. The asking price ig lowered by

which is the minimum of these reductions in asking price.
Then buyers from the point of demand J switch from the
point of supply I'' to the point of supply I!, thus re-—
ducing the excess supply at If, At 211 times during

the process, buyaers at each point of demand ask for sugar
from the point of supply for which the asking price ¢; plus
transport cost ¢ is the lowest. That is, the conditions
set by (13) ere =

points .of supprly, an equilitrium has been rsached since

FAYS sati il . When Ei = 0 for all

there are no excess demands and no excess supplies,
At this point total transport cost (1) is mi

the conditions (2) and (&) are satisfied. The four rules
(c.1) through (c.4) insure that no point of supply switches
from an cxcess demand tn an excess supply or frum en excess
suprply to an excess demand at any one stage in the proccss,
This helps prevent eyeliag zlthough cycling is not eliminated
and may occur whencver A = O,i.e., whenever a surnlier may
zet rid of A surplus or make ur & deficit threouyh no re-

duction in the aszking wrice. In periorming the algorithm
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by band, however, it is relatively easy to choose the proper
point of supply in order to break the cysle;

, In performing the algorithm sbove it is simpliest to
work at all times with the matrix whose entries are
- ot t . .
iyt Ay - /Qj for i= 1,...,0 2nd j =.1,,..,m. Since
. the conditions in (13) are always satisfied, according

to the definiticn of & ‘., we have

v

t ont '
Cis5 *N 5 A, 0 for all 1 and j, and

ij 3

(15)

it s, +0° - A% S0, them x°. = 0
: ij i.,/ga‘ 7 ig — oc

One may infer from (15) that the finalgxz and'ﬁg are nothing

more than the shadow prices or the optimal solution to the

-dual of the ftransportation problem. Only if the askins price

o : or the price at the source cf supply plus transport cos?d

is equal to_the demand priceﬁﬁg or price atv the source of

demand is sugar transported from point i fto point J.

If the price at the source of supply i plus transport cost

is greater thHan the price at the source of demand J, then

no sugar is-tramsﬁorted from point i to point Jj, i.e., xij = 0.

The condition (15) also implies that the final %5 5 .
’ do indeed minimize

transport cost. Thus the algorithm providés a solution to

the primal problem and the dual problem simultaneously, .

The comﬁu%ations were furtherysimplified by setting
any of the entries in the matrix which were larger than their
row mirnimums by some specified amount equal to an arbitrarily
large number M aﬁd neglecting theze en?ries in the matrix
during the computational procedure. 4t the end of the pro-
cedure, the'finaizxi“were added to the original entries in
the transportation cost matrix and a new solution (xi.)
determined, If this solution satisfied (12), (13), and (14),
it was an optimal'§olution. Otherwvise the finalzxi’were used

as the initiéj,qi for a new round of computations.

There was one final shortcut . In order to facilitate
solving the East African &ransportation problem (with a 48
by 9 transport cost matrix), we used the final asking prices
f%i'of the smaller transportacion problems involving Keanya,
Uganda, and Tanganyika as initial asking prices for the

"larger proklen,
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Using the above algorithm and its modifications, we
were able to solve the large 48 by 9 transportation problems

~

in a few hours each., The a2lgorithmis very efficient for.
computation by hand as it is reedily amenable to ad hoc. changes
in the rules which ¢n heuristic grounds would seem to lead %o

a faster soclution.

One may derive an algorithm similar to the one above

by operating on bid prices. That is, buyers at each point
of demand set an initial bid price of ﬁ g, and each supplier
offershis whole amount supplied & to the point of demand where
the bid price less transpeort cost is the highest. Those points
of demand which are oversupplied lower their tid prices and
those points which are undsrsupplied raise their bid price., A
solution results whenever bid prices are such that no point of
demand has an excess suvnly or en excess demand. This algorithm
takes advantage of part (b) of Theorem 2. During the whole

computational procedurs conditions {14 and (15) are satisfied
and when the optimal solution is reached, equation (12) is satisfied.

Either of the alzsecrithms which we may devise , the one
operating on asking prices and the other opersting on bid
brices,

may be viewed as a market mechanism in which, if eguili-

brium is reached, srensport costs are automatically minimized.
In the one case, the amounts demanded from each point of supply
adjust through veariations in the asking price. In the otvher
case, the amounts su:plied to each point of demand adjust with

variations in the bid price,

V. Results and Conclusiions.

Table IV summarizes the results of the calcoulations.,
Tapl=
Minimum Maximum
Preoduction Produection

Dgtimates for EBEstimates for

Savings in

trainsport coczts

1970 Realisged 1970 Realized

if production of each .ctory
as estimste (Gp) 5249,591 £9,107
Savings In transport costs if produstion of
each factory allcved to vary (Gz} £58,990 £342,729
Total possitle mavinrs inltransport costs

- (G=Gy + G,) £508,381 £351,8536
Egtirated total transport costs under
autariy (OK + Cy ‘*g)* 21,283,560 £1,858,080
Tota: 1-.38ible_savings as percentage of
estimated total transport costs under autarky 24 19
Tctal value: of production t,the Bast African
producer price BF S48 per ton) S LTI CaR 7,206,000  £25,458,000
t8F21 $RRRE°AY pElaier; 8] ° Percentese of the

2

4
4

Fco'anote: Sew AINT
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. Footnote: #* Actually (C 4 CT -+ C,) 2s we calculated it .

(&)

“fers from the actual transport costs by a constant
cb depends cn the way in which points of demand are
i

L

1y p

ol Cu“ 5 K ‘—‘)

olidated, This constant is included in the
mete in the table, In addition, the costs of
ding and offloading are not included in the
transport cost matrix but have been added to Droduce

the estimate in the table above,

o0 F.
O W o

The total poséible savings in transpordt costs are abbutnthe
same whether minimum or maximum production estimates hold,
The source of savings is vastly different, however. If the
minimum éstimates hold most of the =zavings occur With'é
reorganization of the distribution channels, If the maximum
estimates hold, most of the savings occur because of =a
fééllocation of production among the firms. Sinoce the maximun
estimates are based on the assumption that the newer ventures
. will go;ayeéd as planned, this leads one to suspect that the
relative fates of expansicn should be quite different if the
maximum-savingS'ih transport costs is to be achieved.
' The estlmates of total possible savings in Table I do
not take into account differsiuces in production costs,.
Ir tbere is a difference in production . costs among various
factorics, then the possible savings will be much greater,
The total possible savings ignoring differences in production
costs, however, represents about 17 per cent of the 1962/63
egtimated Uganda government recurrent and capital expenditures
on roads. (See (2).

One must keep in mind that the savings in Table I are
based on’the assumption that all of the producers will
negotiate special rates with Kast African Railways and
Harbours by 1970, If the present official rates werxe
used, the DuSSlblrrsavings would perhaps be about 20 per

cent gr ater.

Finelly, -there is the gquestion of who will buwr=fit from
the possible savinis ‘n transport costs. Since whe total
rossible savings is .ach a small proportion of *he total

value of production, the possible dif“crence in i:-ice to the

consumer © - almost negligibdle, I7 the sevings resulted in
a higher <7fective price to the producer, ther it would most
likely mean « significami 4increas: in profi®s., Alternatively,

the governments could raise the zugnr excise duty and rake off

the ssvings as. ~increased government revenue,



(3)

(2)

(3)

(6)

(7)
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