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Th1s study exam1ne’5some atpects of spat1a1 reorqan1zat1on 1n the ﬂ"

@

5 Sugar Industry of Barbados More pec1f1ca]1y, 1t focuses on 1ocat1on

. '

~

(= of the va]ue of a1t V1s1b1e exports, from the sa]e of sugar apd by prdducts.:

ot "‘a.\.. ~

a]]ocat1on prob1ems for sugar cane\1n both short tenn and future s1tuat1ons‘"
. The prob]ems re1ate to.- the method of a1locat1nq canes between farms and fac- .

t0r1es and to the reorqan1zat1on of the factory system .‘The ObJECthE of

the thes1s 1s to treate an eff1c1ent method of s qar cane a]]ocat1on, and to

arr1ve at 1ocat1on dec151ons for a reduced number of factor1es q1ven in-

N L}

creased eff1c1ency in the 1ndustry as a. des1rab1e qoa] . _ . N

‘ The-methodo]oqy used- is 11near proqramm1nq.' Th1s technique:a116ws\
the ut111zat1on of scar&e resources -as effective]y as poss1b1e, given. the

[ g

7

pecu11ar constraints of. 1nd1v1dua1 s1tuat1ons. AMTocation so]ut1ons are
found for the’ harj%sts of . 1973 and 1974, The resu1ts y1e1d -valuable 1ns1ghts
“into the schedu11nq aspect§ of allocation, 1mp11cat1ons reqard1nq 1ocat1ona1 _'

.advantage,of the var1ous estates ahd cane produc1ng peasant farmé, asiwell as .

-
¢

"a partial pricing structure for the industry.

- From the allocation results the scope .of the thesis develops tb,em-'

- ' a. i . : . .
brace the whole Tgsue of centralization within a  historical and contemporary

context. Fout factories are taken as the optimaﬁ number for an jmproved"
system and optimum locations are fdund for, them as'well as the resultant

.

chanqed a]]ocat1ons ' i.

\; The rat1ona1e for the thesis co%es from the cruc1a1 /mportance of the -
— ¢

o sugar industry in the -economy of the 1s1and with a. contr1but10n.of over 50%

~

More 1mportant1y the 1ndustry 1s current]v qo1nq throuqh a per1od of crisis.
and if mass1ve reorganization in al1 facets of its structure 1s not undertaken
—then.co11apse seems inevitable in the véry near future. The thes1s therefore.
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-5“.9'99\5?.5:'h.éw"éppr‘oaches*to5some' managerial aspects of reorqanization, and
‘the entire Sugar Industry .™

the possible 1mp'| j,c:aticrﬁsltof' ény _suEh ‘changes for

L N "

v

. K .
' B b d ’ T . : " - B ‘ - . .
of .Barbadps. .". . - . . . - .

‘ L - . . - s
"‘ , . LT - “ . . °, . P -
. . - . . . .
A e h P . . '
] 4 . . , .
Y os
c\. & »
‘(I - o

» ’ ~ . v ox ,

H °

B ’, . .

. " . N . .

. ) Y
- . L s
' . e i - .
' - . - - B .
B e 4 B A ~ - ‘o ,‘
’ . . v
. P :
- - )
r ’ Y Ty ™ R
. . . ‘
- .
- - 1 ~ s
* ey ‘ '
oA - . .
A . v 3 - v -~
’ [l
N
- <. "
' - Al .
» > ' v
R , ; . )
. . . . .
. ¢ . . 3
. . . . .
P 2
1 N ‘. T . . :
3 - o o ’
«“ -
' i - A : - . v
- * “ ' e
. . . .
. Ty . .
A )
’ ' e N . . . a
‘o, . \ f .
v - 0 N N
e . . , . ¥
o - )
B . . .
’ " ,
N T ” 4 . .
- 2 LI v
¢ 1)
- ' T
" -
! e h . [} . o
- . .
- »

e o . . - ) :

LN f B ' -
) . ' N . ‘e
PR .

., . o - . . ¢ a ’ .

s ' - * -

ENN . . v . . ; - . ) . .

e . . . 4 . ‘ .

. . g
. . L] N “ ,
. . .
o, B . p
. »
L} Py -
’ .
: / ‘ ,
. ” N .
- ry
. vy of N
! ) ..", ’ ) 0
‘ -
“i
" " . . N ‘. N
.

+ ol i
. o . -
- \ . s
' 3
st ;: 3 . ) . .
N 1
1 - .
N .
. . ) .
s w
e v 1 i
: .
- ’ . J R
: . . .
‘e N N
» 0
- ) o
.
L . &
.
.. . ;
- he - 1
: o
. .
X’ . * IJ
.
b .
f
g L v
‘ . [
. .

i .



ot

t.the use of-thq1r ‘files and informat1on, and the many cane farmers,a]]

. was made poss1b1e through a qrant from the Institute of Soc1a1 and Eco-

‘his. help and adv1ce given freely and at a11 twmes.
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1L BAGKGROU‘ND‘TOTHE sty f SR
Th1s study examines some of the organizat1ona1 aspects of the Su- .

13

gar Industry of Barbados. It is an 1ndustry which has” always dom1nated

_'the economy of the 1s]and and also -created a spec1f1c type of rac1a1

'soc1a1 and pohtica] structure very much evident today. Since its 'mtro-'

'duct1on in ,the 1640's and. the rap1d deve1opment of the p'Iantatwn system,

_sugar cane has mainta1ned~the 1ead1 ng role -1n the econom1c _growth of Bar- o

bados Today earnings from sugar brmg into the 1s‘|and s economy' approx1+,
mately $30, 000 000 00 (EC) year1y 1 Be51des direct fore1qn exchange

revenue from suqar sa]es.usuaﬂy to Br1ta1n Canada and USA there are

.. many anages 1nto the rest of the economy throuqh the creatwn of by -

products and secondary uses for sugar.
A. The Setting = - -

Barbados lies w1th1n the cha1n of Car1bbean 1s1ands which span

~from North to South America. :Its spec1f1c ]ocatlon s latitude 13 (] and

.59 37'w (Figure 1) “Itisa very smaH JdsTland of on1y one hundred and

2

s1xty s1x square mﬂes w1th a populatwn of 241 084 peop'le. _ The sugar

~ cane wh1ch was not originally a nat1ve of the 1s]and was 1ntroduced from

b

Braz1'| in. 1637 -and ~commerc1a1 productwn and manufacture of SUQar began

a few years. 1ater. In 1640 James Drax brouqht cattle mills and other pro- _

-cessmg equ1pment 1nto the 1s]and and with the aid -of Dutch cap1ta] and

. expertlse the 1s1and s00n deve1oped a ]arge v1ab1e 1ndustry. As ear]y as

1667 a]l the arat(} land had been c]eared of or1g1na1 vegetatwn ‘the ear]y
_— .

»

1Barbados Econom1c Survey, Barbados Government Pri nting Office,1971 8-9.
ATT currency values.are in Eastern Caribbean currEncy

.‘2‘7' 2op. cit. 12. . .;

¥

‘. * -v‘ - > . —~— 1 . . " l B ) ¢/
- L ash ’ RS 3 : ‘ .
"‘Tpﬁ'l . N . ! "o -, -
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o .= yeoman farmers W dispTaced and the pTantat1on system firmTy entrenched
) :w1th its Tarqe farms, bo111nq houses and qanqs of sTave Tabour Since
. then suqar and pTantations have cont1nuously dom1nated the dest1n1tes of the®

. jpeOpTe»of the Tsland and st111 exert cons1derab1€ 1nf1uence ‘today. =~ Pres-.

'.l

. 'ent _day product1on 1s done on approx1mate1y 200 estateg"nd 18 000 peasant

. farms the Ta}ter.comb1n1nq‘suqar cane cuTture w1th other forms ‘of econom1c B
) RSN : ¢ ‘
act1v1ty LR Y ) o

Ld B *
!

i : ::,3 The sugaf cane crops make a much qreater contr1butnon to the economy
. o,

* of the-\sﬂand thah. Just sudar sa]es Th1s is der1ved throuqh by. products b

»

and other T1nkaqec 1nto,the economy, aszwgll as creat1nq empToyment for much

~-of the Tabour force. The mostTmportant bv nroducts at the moment are rum,” ST -
1

o

wh1ch nets approx1mate1y 6, 000 ,000.00 annuaTTv, and moTasses $4,000,000, 00
The other product of 1mportance is "Baqasse“ the f1brous mater1a1 Teft after

. the juice 1saextradéed from the cane ‘pith used ma1n1v to f1re the factorv
@ & d

bo11ers and as a base for an1ma1s feeds. w1th the recent development of .

e . Y L ~ A S

the "Sepanat1on Process" new.ranqes of hy products from sugar cane anpear
feas1b1e "'The new process removes the outer rind from the,cane 1eav1nq the 72”%‘.
f1bres undamaqed Two ma]or products come from the new method Comp1th i's

\{ii the main product and conta1ns 70~ 80% of the’ cane sta]ks and 93% sucrose R

Aftér the suqar is extracted Comp1th is then brokep dowg 1nto the component A o

f1brE§ and p1th ce]Ts These are then used in the manufacture of soft board‘ K
‘s o "-, R

Ce hard Board, -pulp and paper, h1ma1 feeds, nd expTos1ves Comr1nd the secohd g

1mportant product, can be processed into 1am1nated t1mber core paneTs and ) 1"3;4“
) . ” L4 . R " .l!':'-f' )
~ o . ’ ‘ . . L .,; A‘w,-

°" plywood yeneers.za' .o - S s

.t . '. ° ,
e e S e T v e -+ T N o
: et . i ..) . L # i . n :@ . r N
N ° z . N . . . L ’ .
.

- /
P A ‘o . .0
: lBilrbados Econormc Surve y Qp_.mt 7 / P '. ‘o \ P

L
Barbad¥§>5ugar Industry Review, 16, 1973 (4une) 6-8..
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‘Industr1a1 C1assqf1cat1on (1970 Census)
Industrxé N ‘Male : L EEéElEV'
-,sugaf R - 10,178 - - 5:8567
‘:‘dtner Agricu]tnre: '3_‘ .i' 1,509.‘: ~_zﬂ“ .2
-~ ‘Mining,. Quarrying, etc. 'i.f - 279 i . A | lé'_»
Maﬂutacturing.'  T 6,839 ' 4,398,
" Construction | ".;10;450 : . 267
.E1éctr1c1ty,~Water Gas, etc. - fi,OOB 1 86
" Comerce | " o Te0e2 - g6
Tramsport, etc, . ‘4,059. . 565_-}
V ’$er’vicesAJGovernment S 5,088~ 4,794
Setvices - Other = ., - 5,498 10,315 -
TOTAL, . 50,970 . 32,699
‘ 5 . Source
‘ Serv1ce
,C"°’ ' .y e,

P T
o=~ 3

The sugar Industry has trad1t1ona11y,he1d and st1|1 cont1nues to' .

hold the’ pos1t1bn as the 1argest s1ng]e emp]ox/: of 1abOUr (Tab]e 1)

accommodat1ng over 15% of the work force thouqh at’ very. Tow wage 1evels

E'

//

unpub11shed data, Barbados Census,

16,034":

1,781

- 295 .

11,237

110,737
1,088

12,178

4,624
- .

9,882
15,813

83,669

1970, Government Statistical

'Recently there has been rapid growth in the other sectors of the economy

as’ for examp]e tourism, construct1on, and the manufacture of consumer -

goods. However the Distribution sector producing 20. 3% of total- GDb\and

sugar*lI 4%, are st111 the tWo maaor contributors to econom1c expans1on

o
L *
b °

A Y

<. - lgarbados_ Econemic_Survey,op. cit,

19.

o
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K L ‘Equally important is-thelfact that the‘is1and's 1arqest and ‘most
I - important resource, apart: from Jits people,.is "its agr1cu1tura1 Tamd ‘and

sugar has proved to be the most sat1sfactory crop so far, given our cli-

"

. - ‘ mat1c and agronomic condjt1ons. In a Lecent proposal for.cont1nu1ng
sué%r'cqne heve1opm§nt tﬁé Ministry of Ag(jcﬁ1tﬁre-sef a target ¥igure oﬁ;'
/180,000 tons of guéar annually by 1980, thereby demonstrating a Pasic
’ff_fqith in itg continuing important cbﬁ%ribution to deve]bpment.1 .

1.

B. Present Problems Ry

. . A . \ . .
T a / Recent1y however the 1ndustry has been going through one of its

Y o r » per1od1c phases of fa111ng production due to a_combination of adverse fac-
3 - " tors faq1ng it. This is-readily reflected in product1on trﬁfﬁs in the

' last five years (Figure.2). <Since 1968 there has. been a marked decline in -

ﬁonnagé }? sugar produced, oﬂtéut decreasing by 90,000 tons from 1967 tor -

1Butory factor is the yield of cane per]acre'of arable land
“\

ed fapid]y (Figure 3)” Decrease is also reflected 1in a

1972. A con
" which has decl
- lower tOQQage 0 sﬁgar per qcré, output virying from 4.1 tonsnin 1963 apd

2

'5' ' ;965 to 2.8/tons in 1971.® The latter is a result of-dec]ining tpnnﬁﬁé per

" . - acre, and 31so a Tower sucrose content in the canes in recent years. ¢ -
ny reasons can bé c%ted to explain the changes. In his presiden-
address 1953 to.the International SoBiety of Sugar Cane Technologists
Sir John-Saint identified ;ix variables-as being the key factors which con-
- ut in dng.  Thesi ' d e,
trol the output of sugar 1q'ggtp§dg§= ‘Thesg were, acreage under can

-

~ A

Persona1 communication w1th Mr. Brathwa1te Senior Econom1st
M1n1stry of Agriculture, June 1973.

bl

2Barbados Economic Survey, op. cit. 28:

p.

e



Figure 2
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Figure 3
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,3factony‘é?fibieﬁcy, varietv of cane, soil conditions, pests\gnd\\\\\\\\\\;\\
1‘rThese were also some of the: s used by aqronomist, J.C. .

v ! 1]

g]imati
diseas

Hudson, in an art1c1edon product1on changes in the 1as years,

Hudson 11sted
*(a) Fa111ng aoreaqes, dué’ to land use chanqes re1ated to urban
deve1opment, and chanq1nq aqr1cu1tura1 usaqe This factor 1§‘supported

by a’ f1qure of 6 000 .acres quoted by tge Barbados Suqar Producers,ﬁssocia- . -

t1on'as the amount of 1and lost to cane in the Tast f1ve years,

Lo

’ y(b) Fa111nq cane quality due to extraneous matter or'poorer

bl
-

suqar content

r [

(c) Varieties which are poorer than before;

(d) Compact1on of the soil” due to use of mechan1ca1 harvesters
‘eand 1oaders, along with a change from cane ho]es to furrows.3 i

“There were other factors whgih he saw as contributinq tothe decline. ‘Amonq ]
' these was the impact of cane fires. This Ted to- the premature p]ouqhing of
tie1ds and poorer yie1ds‘trom ratoon crops, as a.result of the_hurninq of

the "trash"\cover which helps to keep the soil moisture in and the creation

of a' simpler ecosystem in whdch ‘parasites flourish. The situation has been.
aggravated by the abandonment of mu]ch1nq for plant canes a measure wh1ch

has a s1m11ar effect to the burning off of the: trash cover dur1ng firés.

r

In add1t1on there has been the. effect of drought cond1t1ons during the 1ast

three years which have contr1buted to the lower yields.:

I3

1Sa1nt Sir J:, Sugar Production’ in Barbados During the Past 100
Years (1853- 1953), Proceedings of the International Society of Sugar Cane
Technologists E1ghth'Conqress 1953, 966 L ) ‘ l\\\ ;

'ZBarbados Sugar Industry Review, op. cit., 2. N

Hudson J., Fire Water and Sugar Production in Barbados (PAM},
Barbados Sugar Producers Assoc1at1on Warrens, 4, undated.

[/I4 &




Finally two other probiems have recently become crucial, the First
‘ “of t‘hese being a shortage of labour. H1 stbr1ca11y sugar ‘cane product1on
\ : «  for ﬁeld and factory workers has been one of subsistence cona1t1ons com-
. . pounded by a harsh working environment. Even today none of these have a
stake in the estates on which they labour and wages are stii’l very low,
.Because of this and the attractiveness'of other forms of emp]o_ymentb peopie -
are leaving the 1ndustrx§ As a result it has become necessary to 1mport '
. e L harvest workers from the ne1ghbour1ng islands.of St Lucia and’ St Vincent

N i

(Table 2). ' .~ S -

E TABLE 2

Sugar Workers Imported for Harvest

o fer T Number - > :
w06 ae T
; 1968 . S T
o . B R j L
v TN o .otz | N
o e T “ 960 L e
{ ‘ '(/‘ w2 - L 975 i | :
B B - 1;}5“T~1ozo;,“~a‘\*_ R L B
‘. .oV » - - Sour;:eE compﬂed from datarsupphed by
.- N R | " S S girga‘oos Sugar Prodoeers Associ-

This is & very paradox'icai situation when it’is realized that the island T
has an hnefnp,'loyment -rate of 13.4% of the-population whic;h is of working age.1

L . ) i ~

7]

- o . Phys1 cal Development Plan for Barbados, Town and Country Deye'lop-
ment Planning Office, Government Pr1nting Office, June 1970, 11.

P [
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. )
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. 10
The second problem in, many rv?ay_s encompasses t?_e others. It is‘the

relationship betwge-ﬁ production and. processing costs and. ﬁarkét prices. .

'This.,, it is claimed by the industr_);, is mainly a problem of "wageé in .re'la,-

_ti"on to productivity" wages acco.unti.ng\ for 52% of production costs ar;d

27.5% of 'factory'costs’.l Thg answer seems more complex. * With incrieases in

the costs of ,1abour a_nd general overheads par‘t1c.u1ar1y macmnery costs

against a backqround’ of stable negotiated prices, the margin of profitability

for the plantation is gradually eroded and this has been particularly severe

-~ on the more ppor]y_]ocated farms with.reference to ecological conditions.

P

g

AN

. The total impact of these problems has serious implications fﬁ‘r the future

of the industry but as has been noted, "This is not the first timeé that the .
Sugar Industry has faced a gloomy futuré, although perhaps the reasons for

the apprehension are morg complex than at previous t1‘mes".2

]

~ In a recent paper published by -the Agronomy unit o‘f' thé'Barbado's .

a

Sugar Pro:ducers Association the problem was laid oit in a few terse Tines.
(:é'). T?lere is. enough ,évi'dence available beforgg us to foresee the
pos'sibilit} of 1_:he' rapid collapse of the industry if a massive .effort is
not made in the néxt few years. - o . o e
(b) Th;are ~ar'e plenty of reasons for thinking that sugar procjuct‘i()nl
could fall near the 160;000'§on mark durinq'ther:iht. . .

(c) There is a]éo -sonje‘ justification that bold action on a broad

" front could enable us to continuesto aim at 175,000 tons by compénsatinq

»

some inevitable yield losses with new approaches.

P

1

\.ZHudson, J., The Futfre of the Sugar Industry in Barbados PAM. - )
Barbados Sugar Producers AySociation, Warrens, undated, 7.

c dson, J., Ecofogical Groupings of Barbados Sugar Estates PAM.
Barbados Su Produc Association, Warrens, 16th September 1970, 8.

. . . N
[ . ) )

o

Figures Supplied by- the Barbados Sugar Producers Association, Warrens.




"" L o "Ql" Solutions ‘i% ., o ' .

: _ ‘ - o {m— : .
It seems evident therefore that at th1s po1nt 1n t1me there’is a - -

" need for restructur1nq and reorqan1z1nq the Suqar Industry of Barbados .to
counteract the exigencies of the presen&_s1tu3;10n.‘ Thi 1nvo1ves changes’
at the prdductidn, processinq, and d%striﬁuttonecellecti n levels. .Addition-
e11y there are external tec¢ors sdch as'price negotiatio s‘ part1cu1ar]y The
Commonwea}th Sugar Agreement which has. to be recons1dered at the end of
1974 and the possibility of new markets, In an overa11 sense there are
‘Qquest1ons re1at1nq to ownership and control of tne‘nndustry, and related
prob]ems, such as land use policies, which must be tack]ed.

It is with the transportation'aspect of reorganization, aionq with’
~some aspects of factory eff1c1ency that this work is primarily concerned. .
.wh11e transportat1on costs are not the most cruc1a1 factor in the restructur-
ing of the 1ndustry, yet it accounts for about 15% of tetal costs, 1ncurr1ng
oner $2;000,000.00 yearly. 'This'is essentia11y in moving canes frem field.
to. factory (see ITlustrations l-d)i Transportation costs. were given very ‘.
specific mention in the ratione1ization strategy of the Barbados Suqar Fac-

tories Limited. As‘stated the intention, "Is to plan construct1ve1y for

a higher standard of eff1c1ency by reduc1nq excess. milling capac1ty, im-

_proving the factories which remain in Qperatjon; organizing cane deliveries
. > . . » . .

to reduce triﬁsport costs and eliminate.harmful competition for cane, and

ensure better factory performance by avo1d1nq time Tlost through 1nadequacy

w1 A so]ut1on to the schedu11nq aspect of the tota] prob]em

of cane supp11es
m1qht therefore Tower total 1ndustry gosts and help to reduce some of the -

present 1neff1c1enc1es in the method of allocating canes to factories. In

1Barbados A Barclays Internatidnal Economy Suryey, ﬁarc]ays '
Bank Internat]ona1 Limited, 54 Lombard 5t., London May 1972, 17.




Ripe Canes Before Harvest - In The Background
A Factory (Porters) in Operation
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Cleaning

and Loading Hand Cut Cane.

Harvester)

St. Philip.
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Harvested Cane Awaiting Loading and Transportation.
St. Philip.




Cane Transport Using Tractors and Trailers.
St. Philip.




Unloading Cane at Factory Yard, Porters
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1a 1ong term sepse the thes1s looks at the who]e issue of centra11zat1bn of

_and the consequent pattenhs of a110cat16n wh1ch wou]d result from th1s change

Aa
‘.

the factory system part1cﬂﬂar1y the location and a]]ocat10n 1mp]1cations of

‘\' N o

change in th1s aspect’ of 1ndustry reorgan1zat1on c. o @

Th1s reSearch effort seeks therefore to prov1de the optimal solut10n

- .a
o,

L for sugar cane,movement 1n Barbados N terms of m1nimxz1ng total- hau]age

f'costs between canef1e1ds and factor1es At another level 1t also seeks to

it
prov1de the" opt1ma1 1ocat10ns for a moré h1gh]y centra112ed factory system,

S \
Other aspects of transport eff1c1ency have beer dealt w1th before
. "\-L ‘ U x
by Studh]k1 G1sbert and w D Campbe]] 'Both of the above researchers dea]t
w1th cost benef1t analyses for cane transport systems on the island., The1r
\.

part1cu1ar contr1but1on ‘was to. eva]uate the impact of such variables as num- :

lber of tr1ps poss1b1e per day, number of transport un1ts avallable and the

effects of deprec1at10n travel t1mes and overheads 1nc1ud1ng'wages on tota] e
‘Q “‘.a i :

. costs. Noth1ng was however done: on a schedu11ng system from a spat1a1 point

’ = 'u ‘é
of’y%;y. The présent ,study therefore comp]ements other work on the. transporta-~

n

. tion component of 1ndustry costs » In. the sugar, industry a]locat1ons of cane

u

:between produc1ng and process1ng centres arqrmade yearly to fac1]1tate the ~

-
¥

' smooth runn1ng of factory operat1ons, but these are done on tr1a1 and ‘error

o«

: bas1s Wh11e it is pot necessar1[y true’ that a»d1fferent approach 1s much e
' more efficient. it is 1nterest1ng to compare the requts Thls is therefore o

essent1ally a normat1ve model- or1ented approach to the prob]em .of 1ocat1on .

,.c.i 7.

and allocat1on In the final analys1s the prgblem can c]early be def1ned as

°

Abe1ng geograph1ca1 1n _nature in that it deals w1th the organlzat1on of econom1c

o

'act1v1ty over. geograph1ca1 space and the prob]em of development within a Co

«reg1ona1 qyame of reference. It therefore contagns all those elements" wh1ch

J

Nystuen ca]Ts the Bas1<:é§eograph1c Concepts A:' o e o J

-

. 8 ’
K AN r. e
] B

) qBanbados Sugar Industry.Review; 1Q‘March{71973, 5.
- - : = T e .

. . .
s . . f ‘ ]
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4po1nts, and a measure of 1ntens1ty v1a a vector quant1ty, . ,;;, .

>(m11es) or economic: dgstance in- terms of cost;

centra11zat1on issue and ‘the effects th1s has on both 1ocat]on and a11ocat1on

't

(a) Dr1entat1on -a def1n1te 11nk and direction of ‘flow between

R { ) d1stance between areas, both in terms of physica] separat1on

l o
v ’ .

(c) connect1veness - re]at1ve posdt1ons Tn space. o

,A11 three of these Nystuen says are neeﬁed for the “Geoqraph1ca1 V1ewpo1nt" 1 .

This prob]em f1ts 1nto the broader framework of denera] Econom1c Geoqraphy,

‘_ spec1f1ca]1y the type des&‘ted as Locat‘lon-AUocatmon Anal,ys1s. . - . -

o v
St ';~ L D Structuresof'the Study . T e

The f0110w1ng chapter presents the formu]at1on of a research de-

o t

L

s1qn and. the methodo1o gy used for the analys1s of the data, as we11 as a

:]}terature review of the theoretzcal 1mp11cat1ons and underp1nn1nqs of the

)
study Chapter Three q ves the 1n1t1a] results for the 1973 harvest and

an ana]ys1s of these findinas, wh11e Chapter Four 1ook§ at some aspects of

;Hi'sens1t1v1ty within the system spec1f1ca11y the 1mpact of chanqing factory

' capac1t1es on - a11ocat1on;re$u1ts Fol]ow1nq in Chapter F1ve there is the 1

P o

, processes. E1na1]y 1n;Chapter Six there is ar eva]uatlon.of'the work done,

and.an attempt to provide some assessment of both the methodological and

empirical implications of the-work:

. . ' . .
- > ~ ] k7 A

. o . . . . .
- - B . : , . - . e ¥ . ' [
»

— - ' |
Nystuen J. "Ident1f1cat1on of Some Fundamental Spatial. Concepts
Spatia] Analysis, D. Marb]e (ed ), -Prentice Hall, Enq]ewood'011ffs New :

Jersey, 1968 35 41. . B - o . IR

\



S P IT. METHODOLOGY AND DATA - ‘ | a

1

A. 'Linear,Programming

'7There are two d1st1nct though re]ated prob]ems on: wh1ch the re< .
o

Y
1fearoh focuses. In the f1rst instance 1t-1s one of schedu]ing flows of
“cane between'current;production and processing~centres For future plan-

ning the problem is oﬂ% of ratlona11z1ng the factory system through the-
[

: creat1on of a.small number of large centra]s and an optimal schedu11nq
\ of product1on to the new centres The first is a prob]em of aTlocat1on

" while the second s a Jo1nt a]]ocat1oh‘1oca&1on arrangement The metho-

do]ogy most appropriate in th1s context 1S‘therefore Tinear proqramm1ng

It is a mathemat1ca1 tool wh1ch has been des1qned for the allocation of

" £ scarce resources among numerous sources and dest1nat1ons given a pattern

" of 1dent1f1ab1e constra1ntsL JIn any linear programming probiem there are
'many a1ternat1ve cho1ces heneq/{he necess1ty of def1n1ng some Timiting

factors or ‘constraints which-preciudes the use of all these alternatives

s1mu1taneous]y These constrainté'are usua11y Timits on eapatities, de-

mapd or time in wh1ch a'Job can be carr1ed out and must be capab]e of a

V4
: prec1se mathemat1ca1 formu1at1on. An'essent1a1 characteristic of a 1inear.

so1ut1on is that of equ111br1um ‘conditions. . Total demand must equal total

r*

supply- for the ent1re system and demanJ'constraints of destinations and

~supply constra1nts of sources may not be v1o1ated

The purpose of the algorithm is to opt1m1ze some obJect1ve funct1on

LI ]

such as cost or distance m1n1m1sat1on,or'the maximising of profits.- Ljnear

& L ) .
. P . o .

S

’

[}
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pnoqramminq is by now a we11 established technique, its methodology and \\
, usage hav1ng been wel] documented e]sewhere.1 |

Perhaps the most fundamental approach to linear proqramm1nq is

'Slmp1ex Method. However where the structura] properties of the probien are

such that 4t can be represented by a Tab]eau of sdug&es, destinations, dis-

tances\and f]ows the so called "Transportation Solut1on" prov1des a more

o

efficient alqor1thm In the context of this thesis the,Transportat1on Solu-

tion is most appropr1ate Symbolically the model is represented by

\
- .‘.

o (1) M1n1m1ze = E: E: t
’ =l §=)

-

L9541

oom
Subject to E}' X.o = S.

13 = 1 ,
\ - .
n ' a
@ B age ’
=1 Ly
{ (4) 1'\1-20 . - ‘

1For a h1stor1cgl treatment of the deve1opment of linear proqramm1nq
and its uses see, .

Wagner, H.M., Pninciples of Operations Research: nWith'Apolfcation
‘to Managerial Decisions, Prentice.Hall, Englewood Cliffs, New Jersey,'1969.

' - Garrison, W.L., "Spatial Structure of th Economy 11", Annals of the
Assoc1at1on of Amer1can Geographers 49, Washinqton, D.C., 1959, 4/1-48¢,

e
. Scott A J., An Introduction to. ngt1a1 Allocation Analysis, Com-
mission on Co]]ege Geoqraphy Resource Paper of Annals of the Assoc1at1on of
American, Geoqraphers Washinaton, D.C., 1971.

) Levin, R. and Lamone, R., Linear Proqramm1nq,and Manaqement Decis1ons,,
JIrwin Inc., Homewood 1111no1s 1969 R
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' Literally this’ means (1) minimize tota1 costs of commod1ty flows (x1J)
,sub1ect to {2) tota1 sh1pments from a supply centre must be always equal to .
:or less than supply capac1t1es (3) total shipments 1nto destinat1ons must

be exactly equal.to demand (4) there can be no neqat1ve flows. When n is
the number of dest1nat1ons m 1is the number of _sources, ii are flows from
anfsiource i to destination j, 15 is transportation cost. This is a stat1c

-~ flow ana]ysis:jntend d to allocate ?1ows-of qoods between d{??;rent geo-

graphfc 1oeetions in terms of some effiéieﬁcy crireria. Each{proqram has a
main problem, the primal, .and a dual or compauign problem. Tﬁé dual is
represented by _ - ‘ |
m n
(5) Maxifize Z ='ZDJVJ--E S;Y; Lo . \
.- () Subject to Vi-Ug = ¢
(7)o Vesteo4Uo T . . y

(8) -. Vo=l - To, = e

jth destination ' . . - ’. T

-- Where D
ere D;

price at jth destination

jth source

w S
i 1"

price at the~jth source

R
1y » - ) - . X ’ * L]

For the initial problem posed in th1s thesis the transportation model

.,
il

is capab1e of supplying two types of results The primal so1ution'qives an
’ actua1 m1n1mum cost f1qure for the entire 1s1and as wel] as a schedu11nq Sys-
tem showing wh1ch plantations and peasant farm areas should send their outputs

to wh1ch factories. i%he dual gives the competitlve pos1t1ons of the various

-produc1ng units and at the same time creates a theoretical pricing structure, '

It is important to note that the results come from a normative model. The

. -solutions do not exp1a1n present patterns but rather show what shou]d be an

21

ideal s1tuat1on given. certa1n stated assumptions and data. As a result there |

- @#
/
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are other Signiftijnt results which can arise‘but of‘creatihq normative trans-

Y VoL

pdrtation“sblutions. The resu]ts can be\viewed aqainst'actua]_patterns and
. the differences highilighted. o

' Discrepancies between normative and actua1 a11ocat1ons may suggest a
reergan1zat1on of flow patterns Alternat1ve1y 1t may be more appropr1ate .
to cons1der the basic assumpt1ons of the model. wh1ch may not be in accord
with reality. The d1fﬁerence can serve therefore to, h1qh11qht some of the
dynamic factors not taken into COns1derat1on by the mode] but which are an
. éssential part of a real life s1tuat1on. For’ th1s mode] some of these assump—
tions are 1inearity, monopoly or perfect cdhpex1t1on, end the idea that the '
1mbortant factors in an allocation decisiod are costs and capacitiee. -
; Fo]]dwinﬁ,the.jhitia] use of the trahspgrtatioﬁ mode1,3/;§hbined_
._1inear"]ocation-a]1ocatioh e]qorithm is used. ft seek; to.fﬁndtoptimaj 16- |
cations. This-is done by'a series of alternating 1qtat1on-a110eatioh steps

‘until the final optimal locations and'f1ows“ére ound. -Mathematiéa]]yathe

" problem is represented by K o A A

' . . - '. O :
_ _ . Y 2 e £ 2
Z"—R—}?.Z a.. Wi '_\/(xi xj) +(yj yj) e

. . W
. j=1 q—] , -
Subject to )’ =1 for all i ) 7
o 3=1
m
) 1y, 333 < n-m+1 for e]l i o
1y R j=1 ’ : [
Where R = aggregate distance o
Wi is the we1qh$ of, the h| th demand point g“' d
XlY1 are the cartes1an coordinates of the Ith demand po1nt )
. - _
Xj1Yj = cartesian coord1nates of the J_h centre ~ .
'1 if demand point 1 is assiqned to centre j
a;. = ' ‘ *

R . 0, otherwise



-Warrens.
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This latter ﬁodel‘is not -an exact aqurithm but a heuristic model which does

,not necessarily aive an opt1mum q10ba1 so]ution . These shortcomings are .

d1scussed later w*tha\he resu]ts o - o ) C o
‘ . . - ' - .

" B. Data Collection and Preparation

" Three important groups of data are needed in the model.  These are.

-(a) supﬁ]y centres with known ‘output 1eve1s, -

(b) rece1v1nq centres with known demands and: : L e

.
-~

(c) connect1nq tranSportat1on ﬂ1nks with known costs..

s,

. This mater1a1 .was co]lected from the Barbados Suqar Producers Assoc1at1on

and the Ministry of Aqr1cu1ture Sc1ence and Techno]ogy In1t1a11v there
were 235 plantation and peasant farm un1ts (fiqure 4) and the1r output was
measured in tonnage of cane Co]lect1on of productﬁon data for the small -
farmers poses a problem since the1r tonnaqe is ve%y small per farm unit and
*off1c1a1 records only contained an aggregate fiqure. In order to arrive at
an answe;; the sixty Foqr peasant zones identified on an official land use
reterded From this an average yield of cane per peasant acre was calculated
based on aqqreqate product1on and tbta] area, and the assumpt1on that each -
peasant farm within the qrqup was an averaqe producer w1th1n his group.-

While the'ansners are ndt'total]y accurate this was the closest possible -

- o
- .

approx1mat1on in the c1rcumstances. - 3

Fon the 1973 harvest output;has est1mated as being 1,241, 000 tons of

© cane for the ehtire Js1and.2 The output was'processed by twelve factories,

lgarbados Physica1 Development Pian, gg, cit. Diagram 51.

2From files supp11ed by The Barba?os Suqar Producers Assoc1at1on,

]

* map 1970, 1 were measured with a. Bruning Areaqraph'Chart (no, 4849) and acreages

LY



Figure 4
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whose ‘capacities were given based on thelr hourly gr1nd1ng\rates and a 51x ":—‘-" S

day week of twenty working hours per‘ day, assuming a sixteen week harvest

,(Figure 4). - ) Coo L C
The farm to factor_y_ d'li"stencés‘. were ta'ken. trod Qr‘dinance'.Survey' ma;s )

"~ of B.arbados at’a scale of 1710000 pi*oduce’d by the 61rectorate of Colonial

" Surveys. These were then tﬂr\ansforr_ned into costs s‘in'ce there is a direct and

et

.. constant relationship between these two variables (Figure 5). There are two
types of cane transport systems uﬁsed on the‘ island - motor lorry' and tractors -
. with trailers. It hes been ca1cu1ated that there is'a basic ¢ost-of $2.00 |
per ton for these two systems, "based on an average distance of three rnﬂes
between farm and factory *Each add1t10na1 mile adds 2.4¢ to the Torry system
and 3.3¢ for tractor arrangements. Specifu costs could therefor‘e be caltu-
lated by an appropriate, ad,]ustment in terms of both distance and mode 1

To facﬂ‘ltate the large size of the prob1ems being analysed, the data
was structured to fit computer package proqrams for the transportation soTu—
tion and the locat1on aHocatmn proQ]em The ver‘s1on of the TranSportation
Prob]em used is the ICES program deve]oped by the Massachusetts Inst1tute of
.Technoloqy The code is written 1n FORTRAN E 1eVe1 subset lanquage and was
solved on an IBM/System 370 computer. The max fmum number of data points
papab]e of being handled in this package was 1050 arcs.or source destmatwn
pairs. In this case there were 2882 possible arcs. Since the number, of

factories could not be reduced agqregation of the farms into larger blocks

was hecessary, and this was done us1ng nearest ne1qhbour aggregation. The other

T ’/,7 | T ‘ L
1CampbeH W., Cost Ana]yS'ls of-Cane TranJ)ort Systems, PAM
Department of Agr1cu1ture Economics and Farm Management, University of

. West Ind1es Cave Hﬂ'l Barbados, ‘1972

P e



Fiqure 5

COST (cents) TRACTOR RATES
12 7 TRUCK RATES
8
7
6
3
14
3
2
1
SE LEVELS2 o 5 L A
1 7 8 DISTANCE
-2
-3
=4
-5
=67 COST DISTANCE CURVES FOR CANE TRANSPORT
=7 IN BARBADOS

N.B. Costs were calculated using a base of $2.00 for a 3-mile haul.
For hauls greater than three miles costs are adjusted upward
and vice-versa for hauls less than three miles. Linear transport

rates tend to prevail given the short haulage distances.
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. package program ALTERN was deve]oped by l. Ostresh and so]ub'le on’ the IBM/
| 370 System a'lso\ ‘Being capable of hand'Hng 500 demand po1 nts and twenty
centres it allows the full indwidua] use of each data point. These proqrams
| - Were used to solve three prob'lems in the \research, tv\to pure transportation
'--pr"pb'lems for the years 1'973 and-1974 and the joi"nt. 1oeafion aHocati'on '

. decision as.pav't,o'_\c a Tong term reonqanizet%on strateqy. '

—

TN

"l.

1Ostresh LM . A]tern Heuri st'ic Solutwn to the M Centre Lacation
- Allocation Prob]em ‘Computer Programs for Location-Allocation Problems,"
Monograph No. 6, Department of - Geography, Un?versity of Iowa Rushton, .
.Ostresh, Goodch'i 1d’eds. 1973 55 66

-
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- -111. "INITIAL RESULTS: HARVEST 1973 '

, T,he 1.n_1't1'\a.1. results o‘f fche tranepor{a_tion model are for the. sd{jar
cane narvest of 1973, Fo_r this year there are twe]v.e faetorieS'in operation .
processing canes for'th'e 235 pr;oducinq units Wnieh, for the purposes of the,
prOgrem, nav'e been aggregated into eighty six.units. Ag stated earh’er‘
" thére are two systemsof information in each result: ' | p
(a) a study of cane flow patterns t- primal solution; and ~
(B) a dtudy of areal comparative advantaqe and a theoretical
'pmcmq structure for sugar cane - dual so1ut1on )
It As 1mpor‘tant to note that the solution is opt1ma1 only: for 1973 si rice the

result is totally dependent on farm oui:put and ’r‘actory capac1 t1es and any

’ changes 1n these var1ab1es would obv1ous'ly alter the a’l'locat'lon patterns.
, A. Primal Solution ™

U
<

The primal solution of the transportat1 on problem y1e1ds the foHow— :

1nq resu] ts.

(a) the obtima] volumes and flows of cane from all producers to all

facd:ories, . .
(b) the cost of each 1nd1v1dua1 mgvement and a tota] cost for the
entire island; 5 and R o ‘
(c) a comp]ete commod1 ty flow pattern for the sugar cane 1nd£tl~y
for 1973, e , o
This information can Dé seen in Figure’6.  The normative data was then g
compgred witgh the actual pai,:terﬁn’ of cane movement which occured during' the
harvest (Figure 7). Actual costs incurred in the 'movemen;c were.$2',462,552,70.
while normative model costs were $2,410,876.85. This j‘mp\]cies a savinas of

' $51~,675.8‘5‘a‘_year‘ on an output of 1, 241,000 tons of cane. While this is

28



Figure 6

BARBADOS:

COMPUTER ALLOCATIONS
CANE HARVEST, 1973

Guinea
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Figure 7

BARBADOS:

ACTUAL ALLOCATIONS
CANE HARVEST, 1973

@ 30tons
. 48tons Factories

. 78tons
— Allocation

ooooooo
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: th1s f1gure is not the absolute TOWest tota] cost for a number of reasons . s

.onTy a 2. 09% 1ncrease 1n eff1c1ency, the d1fference in money 15)st111 siq-

nificant fer an Jdndustry wh1ch 1$ a's small as the 1sTand s 1s, espec1a11y

‘when 1t is reanzed that 1nd1v1dua1 farmers, some of them poor peasants,

)

: nhave to pay the1r own transportat1on costse Besides, the outdut.of cane .

<~

for 1973 has been among ‘the Towest ever ‘and if product1on can ever reach the

- 1,826, 000 ton TeveT aqa1n, sav1nqs woqu 1ncrease to approx1mate1y $75,000 -

l

‘assum1ng the same Jevel ‘of eff1c1ency ' It should aTso be rea11zed that

c

In the. f1rst pTace the need to aqqreqate "the farms ‘led to comprom1se over

d1stances Thfs is so because the d1stances are no 10nqer those of 1nd1v1dua1

un1ts but the larger - resuTtant aqqreqat1ons, and the effect seems to have

' 1"been one, of increasing- the averaqe~costs between-farm and fa;tory Second-

!

"y farmsigad to be aggregated not onTy on the bas1s of prox1m1ty to” each

- »

other, but also in terms of mode of transport.- This meant ‘that 1t was not

- “always possque to'aqqregate farms wh1ch were cTosest toqether since some

.
. P

: ,wefe tractor tranSport users wh1Te others were lorry users, Toqether the

net effect of the aqqreqat1on procedures led: to 10nger d1stances and conse-

’ ‘quentTy h1qher costs between farm and factory It woqu seem therefore that .
' th1s approach to 1ndustry aTTocat1on dec1s1ons has someth1nq to offer in.
-tenns of eff1c1ency and potent1a1 sav1nqs and merits, cons1derat1on 1 Tt
.JS remarkable how- eff1o1ent the present method of allocation is cominq
fwithin 27 of the nonmative modeT | This is achieved by an apparentTy nons

. ;mathemat1ca1 approach to decision mak1nq, but a sound knowTedqe of TocaT

’

operat1ng conditions. A close Took at the two sets of data shows some var1-J

® /

s

<

.y

. e

at1ons in the patterns (F1gures 6 & 7) The normat1ve model- conta1ns a lar- o

. Some of these are dest1ned for three factor1es ina few 1nstances. ,"

- Th1s is the case of"Hagqatts, Bawden, River and Turner HaT] esgates. There

]
2

TFor further discussion‘of-Timitations of thé model see p..82.

N R - . . L
. ‘

.ger number of Sp]Tt aTTocat1ons than the ag}ua)’a]locat1ons made for this year.
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" are also more doub1e‘or'two factory a11ocationsein-the‘mdde1fv.A1ong with
These are a few extreme]y long. hau]s 1n the nonnat1ve so]ut1on not eVIdent
1n4£he actua] program for 1973. Canes from Malvern, B1ackmans and Easy

' Ha]] -are sent to Haymans factory bypass1nq Andrews and Porters factor1es

.wh1ch are nearer as. is Vauc]use factory In the real a1locat1on they
wént to Andrews a]one . There'u;also the case of Forster Ha(] being routed"
ito Carr1nqton factory when. 1n terms of d1stance Gu1nea, Up]ands and Andrews

-

. | were nearer. Actual]y canes from this plantation were processed at pu1nea
S 1 o . ) S

factory.

~ In‘the normat1ve mode1 d1stance 1s obv1ous1y the ma]or var1ab1e in

h that the norMat1ve and actual patterns are so s1m11ar Assum1nq 1t rea11y
.'», it seems that the 2 09% variation may therefore be exp1a1ned by factors

not explyc1t1y;cons1dered )n~the mode1 1tse]f. Among these the fot]ow1ng )

RS can be noted: S .

4
.+ (a) There is avery strictly defined basis for. the a]]ocat1on system

P

~in the idea11zed mode] costs and capac1ttes be1nq the only factors- which
o ‘5determine patterns'of flow. The actual f1ows.take inte account a wider

_ranqe of faétors For instance in the normative model there are a few flows+”

\

wh1ch use shorter routes but qo OVer hilly terrain. These flows, usually.

_from St Andrew area to Haymans factory, (Haqqatts Turner HaT] Bawden and
. i

R1ver estates) do riot" appear in the a11ocation made_by the Sugar Factories
Limited, Here is should ge pointed out that this Stot]and area of St Andrew
must use. h111y terrain reqard]ess of which factory it supplies, since 1t 1s
1ocated at the, bottom of an escarpment and veh1c1es must cross the coral

v

b edge to reach.any factory. However the roads to Porters, to wh1eh actual -

flows were made are less steep and winding and more-often. used and this

} could possibly explain a 11tt1e of the differences.
h PaS

[ . ’ . B R -
. " - . . s . .
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retrieving chopped cane from th;)tréiler bins for movement to the mill

A ' : . ‘

N

(b) "Traditionally each factory and estate was jgined by common ™

ownership. through a small company or family unit. . The fjrst.processing

. pﬁants,which were built were small wind or steam operated units to serve

.specific plantations. This 1edAto a111ances between specific farms anq fac-

tories.before the period when all factories became centra{ifed‘under'one
management. Often then, actual routings uere not related to 1east cost situ-
ations, but to tactortes with common interest and ownership. In addition,

each nrivately owned factory competed fbr.cene,with:a11 other faeteries through
offers of. better pr1ces. Plantations were therefore able to shop around fori
the best deals even at the expense of larqer haulag€ costs. Thus long stand-
ing alliances were bui]t .up for. various reasons. The new factory organization
still often respects some of these alliances even when they are not least cost g

and the specific aim of the centra11zed factory adm1n1strat1on -is to eliminate

"harmfu11 compet1t1on for cane". For examp]e Carrington Estates, Woodbourne.

and Chape]are somewhat closer to Foursquare factory than to Carrington fac-

tory. Thus while the éctua allocation sends the output of these. p]antations

to the traditional factory, the model allocates them to both Carr]ngton and

Foursquare. "This allianc system can and should be changed easily-since pri-

vate compet1t1on among factories has recent]y been e11m1nated and so these
f1ows, where they still ex1sts, are products of inertia.

(c) Another emerging factor could be the recent introduction of
mechanical harvesting equipment. In the effort to combat labour shortages,
a.large variety of harvesters have been brought into the'istend un trial
bases The methods of harvesting vary from cutting andvloadinq who]e'canesf
(TOFTJ 150 harvesters) to the cutt1ng and .chopping of the cane into small
lengths prior to transportation (DONMIZZI and MCCONNEL HARVESTERS) The

\

1atter methods need special unloading equipment at the factory yards, for

%
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knives and grinding machines.’ Th1s is a very recent - 1nnovat1on and many of

the factor1es are only fitted out to move whole cane. It is also very like-

:,1y'therefore that allocations for the actual flows does and will have to

take into account-the method of harvesting used at the estates.
(d)\nThe model seeks a global minimum solution taking'the island as
one whole. In this context the aggregate minimum f1gure is not mere]y the

sum of many m1n1m1zed parts Thus in the overall minimum there are some

. individual flows which are not their minimum. A few thus get sacrificed to

" the overall good and this explains the few long ﬁqu]; fn the normative solu-

tion. In the final ana]ysis‘we are dealing with a real system against an
idealized pattern. The model simplified allocation in terms of quantifiable -

parameters and the other considerations such as mdnagemént decisions based

on terrain and other factors are not explicitly accounted for. The actual

program could take }L;g éccoung a wider spectrum of decision making, and
they cou{d'possibly also be programmed.into the model.

One thing eJ;dent is that the industry is presently opera;ing at n
very high level of efficiency in its'allgcation arrangements. (See -
further discussion of “gfficiency",-p. 64—80.i It isvsfi11.frue, however,

that ihis type of analysis could help efficiency'parficularly with theh

. decreasing number of factories, where any inefficient allocations will be

“more costly than béfore. . ;t'

A

B. bua1~Solution ‘ \\\\\\;

]
. .

1. Theor& of the Dual .
| It is stated ear]iér‘that both brima] and dual so]utinns yield va1g-‘\
able results and these are both intimatély re]ated In order to show the |
relationship and a]sg the physical and econom1c 1nterpretat1ons of dual.

1

values this argument uses the same Togic as that prov1ded by Stevens and

1Stevens, B., [ inear Programm1ng and Location Rent",.Journal of
Regional Science, 3, 1961, 15-25.

r-3



Scott. 1 It is assumed that after the cane is harvested‘a group of pr1vate

sh1ppers buy the produce and se]l it at the factory yards The_prof1t which
@ 2

&ch one makes on a farm to factory movement 135 is '

wij' = (vj + P) - (Ui + P).- TiJ" | |
where wij = profit for one shipper S e L
Vj = delivered price at factory
P' = production costs
U, = location rent -
i . - w9
'Tij= transport cost

In a situation of penfect competition each shipper will attempt to
ga1n as high a profit as poss1b]e. For the entire system this equates to

total profits gained by each 1nd1v1dua1 marketing agency comb1ned. "

LETAP Zc1u1 DI 4T

i3 13 .
where Dj = total demand for canes-by factories j j=1,2,3..... N.
C; = output of farms i . K i=1,2 3,....M,
X. .= amount of cane.shipped from i to j
1) . R -
< V. = price at jth destination, '
J ” s .
- . - .th .
U; = price at the i source
T13= transport cost

The Djvjfand Cipi are equa]ito 7 “which is the obéectjve‘tunction of
the dual. Maximizing total brefits is done by maximizing the differenees be-
tween the primal and dual funct1ons ‘while ma1nta1n1ng both primal and dua]
jconstra1nts Th1s is done s1mu1taneous1y bv 3 theorem of 11near proqramm1ng
Eventually the maximum of the dua] is the same quantity as the m1n1mum of

7z

the primal problem. In an economic sense the traders will gain no profits,

1

" but by attempting to gain profits from the transactions, cause* op timum

( 15coft ‘A., An Introduction to Spatial Allocation Analysis. Commission
on Co]]gge Geography,Resource Paper 9, Annals of the™ Assoc1at1on of American
»Geographers, Wash1ngton D.€. 1971 .




solutions for both pr1ma1 ahd dual proqrams There is therefore a constant
mathemat1ca1 re1at1onsh1p between these two aspects of linear programming.
" The rationale for studying the economic megning of dua]s has been stated . N
th1s way by SoTow et.al. . e
| " The dua1 and its connection with valuation invite us te'anp1y

Tinear programming to the study of markets and pr1ce§ as well

as to the direct study of production and allocation.

Stevens po1nts out that there are tvo key variables in the dual,
shadow prices at source (U ) and at dest1nat1on (V ) and the dual function
1s def1ned as max1m1z1nq d1fferences between source prices and those at
destination. To understand the workings of the dual it is assumed that
there is a demand for DD tons of cane to be used at a factory 1ocated'at j,
and there aré four estates which eould possibly satisfy the demand. These
farms are labelled W, X, Y, Z:(Figure 8). Ifia constantﬂpneduetion cost is
assumed the indiuidual‘delivered price from the nearest‘farm wi]],be.Ow with
Te-being-tonnaqe supplied ftom'wl' Fact;ry j begins by buying as_much as pos-
"sible from the ngarest farm since its de]ivehed'price is 1oher due to:a sma]]h
transportation cost. ,Vj is the equiﬁibrium'delivered'price at’ the factory .
and OW the price on canes from the first farm. Theoretically the factory "
first exhausts the neahest supnly and qradually moves eutward until its full

.

- demand is finally met, Notlce there is therefore a supply curve SS which -
"has-a step function. This is because when farther supp11es have to be tapped
the delivered price must rise enouqh to cover the extra costs 1nv01ved In a
‘true compét1t1ve setting’ 1t is quite likely that each sel]er would increase
“his price to just below the level at which a farther farm could renlace him in
that market.-.Th§s, if unregu1ated,,could Tead to a chaos in market pridinq.

However since the factory has to use supplies from distant farms, and nearer

, 1Dorfman R- Samue1son P.A. and Solow, R.M., Linear Programming -
"~ and Economic’ Ana]ys1s McGraw H111 New York 1958, 59 i ,
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- farms could aWays undersell the more d;’sfant ones' in any\price war, stability
can be .possi'ble\. Equilibrium is reached when farm W delivers TW tons;t farm

X, TX tons: ?érrr:‘Y‘, TY tons and the final farin, le ;pns of cane all de'livered
at price 0Z. No@: we have the meam'n-q of VJ.. It is the equitibrium brice )
delivered at .the factory yard Feqard]ess of where the supplying farms are
located. These priﬁes are only meém‘anu'l if g;here’ is a monopolv s'ituation
existfng The "Barbados Suqar Industry, part1cu]ar1y the factory system is
very c]eaﬂy a case of monopoly control, since the recent consohdatwn of
all previous existing factomes into one company under a s1ng1e manaqement
For this reason the 1dea of equ111br1um pmces can be 100ked at and some

meaning attached to them, : . a
2. Equilibrium Prices

For the 1973 harvest the following system of equilibrium prices was

computecf
L - BLEs L
’ . S S 1
Andrews 196 dagmans 101 -
BulkeTey ~ 195 Lower Estate 197 .
o Carrinqto‘n 195 E .Portler‘s.: N 198 - n
Fairf'igild 185 Searles 195
" Foursquare . 195 Up]a.nds_ 1191 ,
Guinea 189 VaucTuse ‘,’ 195 (Cents/ton)

~ The deTivered price at each factory is a function of the spatial com- -

petitign forj cane - sales among the various estates and’geasant farms. It 'i’sn
also indicati\;e in a theorei;ica1 sense of the competition _between fact.or'ies, B
for limited sUppHes of cane. This last seems more c;ﬂucial. These varying

‘ prices ‘say something of the capacities and hinterland size of ‘the factories,

N

-
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-Ln a general sense the factories with lowest.deYivered prices are those’
"with the smallest capacities particularly Guineg apd Fairfield. It is

of. significance to noteithét these;two factories ‘are also the same two‘q
which wil1 cease grinding operations as from 1974 due to age, inef?itiency*.
angasma11 uneconomic size. At the other extreme_the‘fattories wigh the
largest factory yard ptices are not necessarily the largest factories-in
terms of grinding caﬁacities.' Porters is the fifth largest factoey'in the
.entire system but has the highest de11vered price while the factory next to
- it. 12/terms of pr1ce Lower Estate, is 51xthA1n size. Here these prices

reldted also to the value of the. surround1ng land. In the_case\&f Porters

and Lower Estate they were forced to draw cane from very distant supp]iers

S0 1ncreas1ng transport cost and therefore pr1ces This of course reyerts

to the fact that the cruc1a1 factors involved in th1s system are capacities
of factories per un1t time, the size and locations of,farm units surrbunding;

the factories and the areas which each factory draws on for supp]ies to feed

s
“

= ' / ' ¢

their mills. '
— These factory prices'can be usei_to help detetmine the price to be

paid for cane for each producer. The eesuftant structure of brites.wou]d
give a return to each producer reflecfing the exact situation value of his
site. . This is because with the equilibrium base pr1ce and differential
<E;ansportat1on costs the overall cost. variance between farms would be only
the‘differences in relative 1ocations. The equilibrium price.woufd therefore
help to give each producer his specific advantage.and balance agaihst:the
fact that no account is presently being taken of differences in the juiee
quality of different estates. In the éése of stale,burnt cane where juiee

. quality has Aeteriorated to the extent that‘peﬁelty deductions are made;

these deduction rates could easﬁT}‘be fittedzinto the total pricing struc-

—

— ture. The chance to improve on price calculation by the a@dition\of é%other

39
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. factor- wh1ch cou]d make the Structure more realistic also seems to ‘be po-

tent1a11y fru1tfu1 for further mean1ngfu1 changes in the 1ndustry

3. Locat1on Rents ' ‘“*\\

Location rents can be evaluated for the plantations because tnere is
a known transport rate mhich changes as a regular function ot distance .
(Figure 5). The value difference between an origin and a destination cannot’
be more than the transport costs involved .in moving cane from farm to factory.

.
@Hh ecoqom1c terms then the U values are locat10n rents\\ccord1ng to the

-

class1cal definition. This theory is best known in the R1card1an formulation
where land 1s the ‘'scarce factor. Ricardo oostu1ated that'as agricultural t
output. increased due to a demand factor the number of farms will also 1ncrease
Eventually the farms deve1oped later must be sited on increasingly less fer-
tile land and will therefore incur higher production &ts. The difference
between price and cost is.1ocation rent including normal profits. 'w. re]ner -
stated: \. ._'-\ ‘, ,. P | N
Competitive prfce is determined by the cost'at the margin of
production where costsincluded no rent but merely wages and
profit.] - .
Rents in this case are generated not b& fertility, but'by distance and
.costs There are two conditions which must be fulfilled for this stability '
F]ows outwards from farms mustRequal- intake at the factor1es and.price at the
factory must exceed farm pr1ee by the amount of the. transport cost per ton.
Thus, price is determ1ned by the del1vered price of pthe farm farthest away
that_actUal]y supplies the factory under consideration. This estate earns
zero rent while the ones in closer proximity receives difterent rents exactly

equal to the amounts which they save'on transportat{on. This is similar to

) ]Fellner, W., Modern Economic Ana]ys1s McGraw—H111 New, York, . ‘
1960, 98. o . -



‘declines linearly (assuming a 11near decay fuﬂ%t1on0 and $0 does economlc
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von Thunen 5 ana]ys1s in wh1ch he po1nted fut the .tendency for echomic rent
\
to dec]1ne for.a given land use-as d1stance to the market 1ncreased Assum-'y

ing the condition, of ceter1s gpr1bus and variable transport costs price

L
rent assuming that land use intensity ]s constant'accord1nq to the formula.
_ 2 D S |
E = (P-C-Td)y B o : RO
where E = economic rent per acre -
) . P = price per ton-f-S ’
) C = costs excluding transport per ton
T = transport cost per mile per ton of cane.
" 5 D = distance miles to market _ . ~
A - . : i
Y = y1e1d per acre : - (see Flgure 9) .
. Notlce that these locat1on rents are ca]cu]ated on]y on marginal. ton-
0.

naqe for each p$%ntat1on Therefore a small output on a high rent locat1on

such as is the case with Pleasant Vale and Ind1an Pond earns as much per ton

¢ t

‘as 1arqer estates can, on equa11y favoured 1and If, forvexample, nearer

farms increased production to the extent where they could satisfy factory de-
mand, then the outer regions would theoretically go out of pro&uction or more

practically -supply another one. The dual therefore gives focation rents p;§

-ton on marginal amounts of both land and fi%tory capacity. The Vi can now

also be viewed as location rents for the ‘factories.” By now it is apparent, '
that transport costs'are_essent%alsfor the determination of location rents.
This view of the'Ui values is one of Stevens contributions to the interpre-

tation of linear programs and is distinct from the theory of Spatial Price

’

1Found W.C., A. Theoret1ca1 Approach to Rural Land Use Patterns,
McM111an Xoronto, 197T 59 .
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becomes mere]y another such set oE rents not real]y d1ﬁfere$t
in Rind from the U,'s themselves.

e

¥

factories at rates discounted by the trensportation costs. The whole concept

If-two producers have equa] fac111t1es in all respects except
that one has ‘more convenient situation than the other, and can
buy and sell ¥p the same markets with less cost of carriage his
differential adyantage.,..is the agaregate of the excess charges
. for carriaqe to\¥h1ch h1§ rival is_put....this becomes the situ-
ation value of h eésite; : - : , .

" In our system, loc'tion rents determine the relative values of sugar

. ' N\ ' - )
- cane producing lands in relation to the factory system. 'More specifically’

it gives a "re1at?ve adtantaqe<eu;face" which 1mmed%ate1y shows .those farme
better located relative- to the factnr1es (Figure 10). For the island as 5
who]e the va1ue of .site varies. fromlfero to eighteen cents, Eastern Caribbean
currency. The map shows three zones Qf best location. The 1arqest area
%nc1udes Eeqecumbe{ Sunhhry,mbulkeley, Jordans, Bridﬁton3 Buttals and Wind-.
sor estates. The next 6r6up centaihs the p]antqtions Claybury, Auburnj and
Tamafind HZ]]L‘ There are also two individua1Aestates Vaucluse and‘Redjands

with highest rents. A]];these areas earn the highest rent of eighteen cents.

43
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From these areas the surfage grades outwards into successively lower rent areas

tyne and the zero rent estate Morqan Lew1s There is no reguiar pattern from

high.to Tow rent areas as- 1nd1cated by the fairly comp1ex nature of the

v El
e

1Samue]son, , "Spatial price equilibrium and 11near proqramn1nq
Amer1can Economic Rev1ew 42, No. 3, 1952, 283-303. -

- ZStevens, B., "Linear Programming and Location Rent" Journal of

' Reg1ona] Science 3 1961, 15-25,

Y3
1916, 441,

Marshall, A., Principles of Economics, London McM111an (7th edition)

‘and finally fades awa§ into the worst located areas of Golden Grove. and Banna-. .

v
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BARBADOS:
LOCATION RENTS 1973
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surface'with 1ts1many trouqhs and peaks This 1s due to the very not1ceab1e
‘size differences between the estates ‘and the larqe number of factor?es often ,
fa1r1yuc1ose together As’'a result there 1s ‘an 1ntr1cate pattern ‘of, a]Tocat1on

o ’wh1ch 1eads direct]y to a complncated rent surface. In addition the factories
; w1th the1r Tong hau1s noted ear11er, create anomaﬁqes where a. farm Ean have .A;
very 1ow rent and yet be 1n c]ose proximity to areas of h1qh rent‘ Th1s 15 .U
‘ true of the d1fferenc§ between Vauc]use e1ghteen cents and Exchanqe w1th a |

0

.. ent of e1ght cents In order to make the pattern more comprehensible) the

r

1s]and was d1v1ded into f1ve qroups on the bas1s of rents, ranging from: h1ghest
' to 1owest DThe best areas are found in the St: “George Va11ey’and running 1nto
St. John's and part of St. Ph111p around Edqecumbe ‘plantation, There are- v
a1so areas of h1qhest rents at the border- of St Michael, -and St Georqe, n
and 1n St Thomas go1nq 1nto 1tsncont1quous region in St Joseph, .The 1ar-
-l -qest area f1ts 1nto the second h1qhest rent zones Genera11y th1s is, the
| _rest of St George “and St Thomas and the large port1on of centra1 St. Ph111p
'anthhr1st Church. Another area 1n th1svcateqory is the western ‘terraces of ‘
St Peter and James go1nq up to the edqe of th: cora1 escarpment around Apes ’
ha‘H111 and Gregg farm In contrast the wotrst areas occurred main]y in four
. par1shes The two most s1qn1f1cant be1nq the St. Lucy tab]e Tand 1n the“ '
north of the.rs1end and its ad1o1n1nq area "St. Andrew paft1cular1y theJScotr:
:1and d1str1ct Other areas of poorer. 1ocat1on in relat1on to the factory
system were most of St. M1chae1 particu]ar]y the bu11t up area mov1nq out-
wards from Br1dqetown and qo1ng 1nto the coasta] areas of" Christ Churh,’

wh1ch is also a heavily res1dent1a1 area. Another sma11 area is ip the South e

Eastern port1on of St Ph111p stretch1nq to the .coast. ‘ :

~ o
»

/
<
-
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The concept of 1ocat1on rents 1mp11es d1fferences in 1ocat1ona1 ad- -

,-..

" vantage and a qnﬁd1ng into areas o’ the basis of some form of s1tuat1ona1

g'advantaqe From th19‘ﬂﬁ;'comes another concept, that-oi\garg1na11ty This

1dea 'stems from. the who1e theory of rent d1scussed ear11er and has 1ts defini-

't1on in the literal mean1nq of maqun an edqe or_border. 1In 1ts.or1gnna1
economic context it referred.to thosefp]ots of 1and which were so'poorly |
.endowed inlterms of good soi’l and‘ferti]ttyvthat they were on the borderland

" where productive 1arwhhisappeare§%into'unproductive areasAadricu1turaj1y.“
“There is a1So the obv%oUs implication that in any retraetion of ‘the area of
farmland under product1on, these marq1na1 areas would be the first to be

-

applicable to any s1tuatxpn and - can be defined as being any area of product

e which has the Towest ‘value or utility given a specyflc cr1ter1on or set of .

cr1ter1a. In the context of location rentE’th/refore marginality. is a rela-
. t1ve th1nq,dea11nq w1th rélative access1b111tv to the island's factory system.
" The marg1na1 areas are those wh1ch earn lTowest rents by v1rtue of being so
far away from the specific factor1es they supply w1th cane. In a strict ;
sense the marg1na1 areas are those wh1ch earn zero rents and in this - case .
there wou1d be on]y one p]antat1on in th1s cateqory,Morqan Lewis in the -
e,Scotland d1str1ct However q1ven a ranqe of e1qhteen cents between best and
worst areas marq1na11ty was arb1trar11y def1ned for the purpose of this
study as being those areas earninq a rent of six cents or 1ess. This was done

. because of a 1arge number of farms earn1nq be]ow s$ix cents, often, only about

three cents in fact, and aTso because we are dea]wnq w1th a relative’ rather

g N
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'abandoned From this.base the concept of marq1na11ty has broadened to become

. thapg “absolute concept. Nhat the classification really says is that the areas .

. edrning six cents or.less-are the)worst 1ocated and as one qoes progress1ve1y

{higher {rents wise) the areas become more accessible.

@
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. This aspeét ot‘tne value of'site is one of the two important aspects -
of tatal site'ra1ue {n the suqar industry‘ -The other facet, perhaps much
more 1mportant refers back to the orig1na1 Ricard1an idea of the value of
1and as a producer of agricultural products in th1s -case, cane. It was
" . ‘therefore decided to look at value ‘in terms of productivity of the yaripus‘
areas anq see if tnere is'any;re1atianship between these two’concepts of rent.

' In ayrecent survey carried out by the agronomy unit of the_Barbados
SUgar‘Prqducers Association, the:island was divided into ecological qroups.-
The‘cTassificatipn'embraced all the significant factprs affebtinq production.
These included rainfall, soils, and potential evaporation rates.- To these |
were added slopes and ease or otherwise.of mechanising}tarmjnq operatibns:

. Finally an extra hazare, fire, was included and it is significant to noti;e
.there was a specitie category which was called “economiéa]]& marqina]" - THis
: referred to areas where f1 st ratoon y1e1ds averaged Tess than twenty Six
tons of’ cane per acre, or fe11 ‘below twenty tons per acre before the f1fth
‘crop. Using these criteria a system of twenty one ecological groupsxwere |
;reached ranging-from A to U.and each characterized by an average yield.of
‘lcane per acre. For eﬁahp]e Gronp’A is characterised by '. \

"(a) less than f1fty inches Qf(ra1nfa11 annually o R

(p) soats m.nn]y 30° ,and pS

(c) .areas high evaporatlon . .

(d) twenty n1ne po1nt s1x tons cane per acre of. upper auart11e yields

(e) economically marginal w1th fire since 1968 |

In terms,of slopes the fp]]ow1ng categories are typica} df eroup A.
a three_percent.pf ]and in slope qreup A ) _ - ". @7
| -iwenty two percent of land in §1ppe group A/B \\i\

) nineteen,percent of land in slope group B
‘thirty two pércent of 1andlinjsjope'gradp é/c »

) ' | )

twenty percent of land in slope group B.
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Also 1nc1uded in the group1ng was the fact-that forty four-percent of the

. land 1n this category is eas11y mechanisable,. f1fty two percent-mechan1sab1e

with care, and five percené“a1ff1uc1t or impossible to mechan1se 1

For ecological marginality the groups were put into f1vg cateqories

from best to worst and mapped (F1gure 1), ranq1ng from 47.1 (group U) to

*+; 25,4 tons per acre of cane (C). From the two sets of data dea];nq with value,

_ @ composite map was drawn up'(Figure']Z) using a combined scaling of etdloqi-

v

:cal group and location rents. _Now the concept of marginality has a more

‘genuine application.: Five cateqories were created.

" (a) Best areas earning rents of éhirtegn and above and havipq’a
yield over fortyitons; | | | |
(6) araas earainqitents over thivteen and yields between thirty .
tﬁreé and forty or rantﬁ_seven to thirteen with yields over forty; '

(c) * areas ea?ning rents of”seyen to thirteen and yields thirty

4

'tﬁree to forty tons, or rents below seven but yields over forty tons;

(d) zongs with rents over -thirteen but yields between twenty five_

aad:thjrty three tond acre, or rents below seven and yields thirty
three to forty tons; and | , ' : ' ‘

(e) the worst areas - these earn rents of below seven and'yields
twentyafive to thirty'three tons ‘or rents of seven to thirteen ceqts-with .
yields twenty five to th1rty three tons per acre of cane. |

-~ These areas then tel] us where the best and worst suqar cane]ands

in Barbados are, based on a]T the factors which affect production and transpor-

tation to the factor1es Notice also that in the scaling. ylelds are g1ven a

_ 1Hu@son, J., op.-cit., table 2.

-



Figure 11

BARBADOS:
ECOLOGICAL GROUPS

25 -30 Tons./Acre
: 3% L]
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Figure 12

BARBADOS:

COMBINED ECOLOGICAL
GROUPS, LOCATION/RENT
SURFACE, 1973

Best Areas

B Most Marginal
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heavier weighting than rents. This is done since rents are relative and can

.change §1ven changes in the factory system, while ecological ratings are (1::

the short run) fixed ana_absolute. It is alsb tr¥e that agronomic conditiof

v R

are more important then relative locatio

in_determining the viability of any
- plantation within the Qarﬁadian Context. -
'A close look at tﬁe\qoﬁpeeite map significant reiationshies,
though it should be noted there is no absolute relationship Between yield
ratjes and location rent categories. One reason for this is the fact that
optiﬁetityhjs‘Tergely influepced by aqronomi.c conthidne. Howeyer,usua11y'
the areés of htghest rents are also areas of highest yields. These' are the
estates Woodland, Redlands, CastTe Grant C]aybury, Tamerind Hall, Adburn,‘
Pleasant Vale and Lion Cast]e There are a]so the second best areas which
show close relat1onsh1ps 1nc]ud1nq the h1qh rent zones of St. Ceorqe Thomas
and St; Philip which showed up on-the 1ocat1on rents map. At the other ex-
tre there areathe marg1na1 areas with both’ Tow y1e1ds and med1um to 1ow
rents. Here again the St. Lucy estates,Harr1son, Co]]eton and S0 on were
hiéh]ighted. The other s1qn1f1cant group i$ in the St. Andrew area genera11y
_and the Scot]and d1strict specifically, with Haqgatts, Turner Hall, Beren
and River among othengbe1nq worst located on the total vaTue surface, From '
. this region comes Morgan Lewis which is the estate of 1owest yields for. the .
island, 25.4 tons per acre and is also worst located having a JEHE value of
zevro. The other worst off areas are those arpund the built up areas of St,.
Michae1 end>Chrfst Church,' These ‘are juet s]ight]yvbetter off .than the St.
Lucy'and Scotland region estates.’ Ot’the anomalies (hiqh rent low yield)

- there are on]y f1ve estates in this group - Sunbury, Trents Congo Road, Har-

. row and Groveu The otha'type of anoma1y (high y1e1d 1ow rent) has only one

representative, Q}1fton Hall plantation.
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There seems to be’one basic reason why there is such a-close.relation-:
ship between the twb factors Iocation rents and‘productiVity.l Initially the
'beSt areas for cultivation were opened‘first, and the more margina] ones
1ater{hecause ot boomino sugar prices and ready markets .The factory system,
wh1ch came after the plantation system was deve]oped,was built 1n1t1a11y
‘around the core areas of product1on which qave these areas a total advantage '
Later w1th the gradua1 closing of many factor1es,part1cu1ar1y the smaller ‘
ones, the pattern was for those onr the more marginal areas to go. The removal
of Spring Hall (St. Lucy)s Haggatts (St. Andrew), Warrens (St. James), Belle
(St. Michael), Three Houses (Southeastern St. Philip), Kendal (St. George)
_in the ‘last decade or so testifies to this tact. The recent removal of Fair-
field (St. Lucy) and Guinea (St. John) fori 1974 again seems to support this.
It seems also true that the 1arger and better equipped factories are always .
usually in the core areas of cane production: ° e

The resu1t5‘of-this analysis can have a serious implication for future
land use planning for the Island. As ;)ated ear]ier~th$ concept of margin- |
a]ity.imp]ies.that in any retraction of the margfn:of profitable cu]tivation,
or change§ for any reason, the worst areas would or should e re1eased first.
The composite map shows where these are. The 1mportance of th1s is strengthened
by the fact that the sugar industry has been facing many pressures. These '
include increasing encroachment by res1dent1a1 and other ndh . agricultural
usages. Also 1mportant is the recent use of mechanical harvesters and types
. of equipment need1ng f]at] nd. F1nat1y-there have been drought cond1t1ons
experienced over the last three years which have éausedgpany areas on the
Jower'rainfall groups to cease production. There je, at»this stage,a need-
Cfor fundamental restructur1ng of the whole ustry, which will also inclnde‘
a retract1on of the marg1n of product1on sgz:zaitnew types of farm operations.

can he conducted. The composite map shows the areas wh1ch shoyld logically:

oy
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IV. OPTIMIZATION UNDER PARTIAL CHANGE

"The.initialzéo’lution posed ‘question(’on the sensitivity of the results
and their stability under chanqmg S&Hons What changes in both the pri-
mal and dual solutions cou'ld be expectéd if there were changes in the para-
meters whlch control the mode]? The 1974 harvest helps to an‘swerﬁ this ques-
tion in ré]ation to changing "flactory capacities. Two factories, Guinea aind
. Fairfield, have been scrapped ﬁ;om the end of the 1973 harvest, and this rdises
thé question of how tﬁé Stir"plus cane wilﬂ be a'Hocatéd, and how the overall
s1.tuat1on will .be affected by the1r withdrawal. This Has led:to changes in
‘the capac1ty constraints of the rema1n1ng ten factomes Us.uaHy this is cal-
‘cu]ated based on a typ1ca1 harvest period of twenty hours for a six day.ineek '
"and a tstaI duration of sixteen weeks. If, bumper crops occur, or any other
factors wh‘icﬁ affect current prjoduction anld/o'r capacity levels, the season
is extended for as much as twenty weeks if n'ece'ss;ry to'accommodate the in-
crease. For this harvest therefort? capac1t1es ‘for‘ the factories were based
on an eighteen week harvest and normal operatmg rates. The assumpt1on seems

"~ reasonable s1nce theré were no plans to increase the workmg rates of any re-

maining factories for thi's_year with hew machinery.

TABLE 4 - N

'Factdr_y Capacities for 1973 & 1974- .\-

A}

Factor.x 1973 . 1974 Grinding Rates (Tons of, cane/hour)

N Andrgws[ . 144 000 157,680 e 73 | o v
Bulkeley * 155,200 168,480 o 78 ’
Carrington 102,000 129,600 160

R .
Fairfield 68,000 - Co.. 30

[
]



TABLE 4 (cont'd) = |

~ Factory 1913_ 1974 ‘_Gr'-i'r‘mdingu Rates ‘(Tons of cane/hour)

- Foursquare 1462,420» " 129,600 ‘ - 60 .
Guinea - 55,580 - 30 l
Haymans 123,30 123,300 . a8
Lower Estate * 98,000 108,000 . s
Porters 110,800 118,800 - . 55
Searles 97,700 108,000 50
UpTands 89,400 103,680 a8

Vaucluse' . 94,600 103,680 ° 48

. A. Primal Solution

) : | o C
The transportation costs for sugar cane movements for this year-wgre

- calculated from.the normative Solutjon as.being $2,469,711.80 at maximum

efficiency. This represents anTncreased cost of $58,834.95 or 2.4% over the
minimum total cost for the same crop for 1973. Th1s is an entirely expected

increase since the ehmmatwn of two factories would obviously cause h1qher

r-4

55

mdwidual and total costs. The surpr151ng factor is that the difference is r

no greater than it is, Fiqure 13 shows the new. al]ocatwn patterns and can
e\asﬂy be: compared with the prevmys arrangement (Figure 7). .

Generoﬂy thore are 'longer.* flows than before-and a higher average
' ‘distance between farm and factor&. ‘The. Tongest occor between Lamberts and
-_Vaucluse Crab Hi11 and Porters, R%comond HilT and Vauc1usé and C1é1and and
Lower Estate all of them being associafed with farms in the north of, the
" island. In contrast there aresonly two 1ong hauls for the rest of the. 1s1and
with Golden Gréve and Pa]mers estates. be1ng routed to Bulkeley factory. \"

* There are genera'Hy 1onger flows in the north compared ‘to the south. Th1s 1s
. ' \ . . a .



Figure 13

BARBADOS:
w CANE HARVEST, 1974

. Factory

_— Allocation
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LV 3

. 1973 'and for 1974 there are no farms which “are bemg allocated' to three fac-

-

not a surpris"i‘hg find since tbe_-ftemcval ‘of Fairfield tended to imply that

flows from those areas, once servieetl by"this-‘factory. would be somewhat longer

¥

than others. It is a]so exr;ected since the remova1 of a factory from the

impact than the removal of a factory from elsewhere

"pattern has shifted southwards.

north, which 1s already. . sparse]xﬁ d1str1buted with factomes, wou'ld have more -

The ent1re allocati on

Sécond]y there are far less sth aHocatmns than there were for

tories as happened before.

Ry

It is 1mpor,tant “to note however that where these .

" double a;ssi\gynh\ents are made in the program they occur usually in the southern

57 °

>

1)

section of the island where'there are more factories in close prokimity. The

expianetion is fairly obvious.

planfations and peasént farms™ gan view more than one factory as economically ™

sehsib]e'a]ternatives for the sale of their canes.

A

are 1ocated"1n the southern sect1ons of the island compared to ‘three m the

With less factories close together fewer

“in this respect 11e§ in the fact that seven of the ten rema1 mnq factor1es

-north. As a matter of fact Vaucluse cou]d be con51dered more as’a centrally

located plant, rather than being in the northern par1shes proper.

1. Eguilibrium Prices

B, Dual Solution

Table 5 below.

Ar;ctrews - 196

Bu]keiey _ 195:

Carrington 204

- \\,‘

P
R

TABLE 5

Foursquare" 197

= Haymans 179
. Lower Estate 197 -

L

/

"Porters

_ Searles.

Uplands

o

The equilibrium prices at the factorie’.é"’tor 1974 were as shown _in '

189 - Vaucluse . 192 .
213

208 (cents per ton)

The north-south'&i’fference

PR
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There has been_‘;ﬁgenera'l 1ncrease 1_n/the prices at the factory yard and’ th'is .
V- is due. to 1r1'creas1ng d']stances and so a qreater value added because of extra
) transportatwn costs.. Th1s 1s a general statement wh1ch h1des some signif‘i-—‘
cant internal'difterences .The equ1Hbr1um *'Hces of all the northern fac-

tor1es have fallen - Vauc1use by three cents, Porters by nine cents and Hay-

mans by ten ‘cents. Two have rema1ned stable at the same pmce of 196 those

\ being Andrews and Lower Estate~ A1l the others have registered 1ncreases -
’* Foursquare mneteen cents; Sear1es e1ghteen cents Up]ands, seventeen cents,.
"« ?qrrmgton, mne cents and Bu1ke1ey, f1ve cents Th1s seems to be due to
e rw the fact that the ent1re structure is an 1nter'|oek1ng system of'rents and'
]

'-"“\m’» N

pr1ces connected by transport links for the whoTe 1s'|and operatmg as one umt
I

. M The remova] of a nor:thern factor_y has created greater ‘Iocatmna] disadvantages
2

-

. for *farnis in th1s zone because of the 1onger f]ows seen in the prima] so1ut1on.

. o In an interl ockmg system, the marginal areas are margma] not on]y with refer- -
ence to a .part1cular factory, but for the e-ntire structure. - Since (V.) equ1- .
Hbrwm price is the value of transport costks plus location rents, the creat1on_/\

, of h1gher rents because of the c'Ioseness of many factories in the ‘south has '

at the same time resulted"in hiqher pr1cessat the factor1esv Th1s is prec1se1y :

I

. ' Stevens point in v1ew1ng, VJ. s also as location rents. - o
u .\\ . . B - . . ’ - ﬂ . . ' . \4
"2. Location Rents .- ’ . A .

LAY

-~

. . . . o .
\ ’ N . .
For 1974 there is wider range in the rents from zero to forty seven

N . .
o 1's a whole shift southward.of the centre of the rent surface Genera] ly. there
. 8
is a requ]ar pat\tern frofm the zero rent farms in northern St Lucy and qradu- e

, cents comps-id\with a highest of eighteen cents for 1973 (Figure 14). .,There

- aHy 1ncreas1ng into the centra] zones almost umfonn]y from west to east. |

3 ‘ol

The system merqes into two peaks southwards., The first h1gh‘ rents area Hes .

a

oo around Up]akdivnth rents m the h1qh th1rt1es and fort'nes includi ng such
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farms‘as Ashbury%:Hen1ey,~Todds and Ellesmere among others. ;Erom here-there'

is a lower rent trough around-sections qt st. George .in the estates Fairview,

'.Farm Drax Ha11‘and Cottaqe'with twenty six cents. -It then builds un.ranidly

- to the second h1qh zone around Carr1nqton Foyr\huare and Searles factories.
This is essent1a11y the ‘St. Ph111p par1sh and its adao1n1nq sections with

-Chr1st Church,,St John and St Georqe The h1qhest rent farms are Sunbury,
\
'Edgecumbe Carr1nqton estates,and Oughterson a]onq w1th a few others. To
7 X

- the east of this 1ies a 1ower zone of rents around twénty nine cents Aqa1n
as was the'case in 1974 the worst: areas are in St. Lucv and St Andrew and
"the coastal areas of St Peter James and §“\M1chae1 The best rent zones
are .grouped around the seven southeny factor1es part1cu1ar1y\the)southernmost‘
-three The 10ca1\<ed lower rent zone of this reg1on occurs in that area once
served ‘by Guinea including Moncrieffe, C11ff and Society estates. The nor-

thern low rents are a reflection obv1ous1y of the remova1 of Fairfield from

L the system Note that because of th1s Morgan Lewis, the most marg1na1 farm

*f@r 1973, now has a rent of fourteen and the zero rent farms are Checker
Hall, Fr1end1y Hall 'and Crab H111 to the north, There are a few anomalies.
. Bannatyne is aqa1n a 1ow rent farm ten cents jn a high rent zone as 1s the
case of Go]den Ridge, twenty six cent;! At thebother end of the scale is
Mount Wilton estate with a very high rent, forty two cents, located in a
req%on of dbnéra]]& lower rents. fﬁere is ‘another interesting case in the
north ‘where Bourbon and Alleynedale earn rents of eighteen in a zone usua11y
y1e1d1nq advantages of e1ght cents or, less. Th1s is due to the fact that the
opt1ma1 allocation for them w1th1n the total system is to Haymans factory .
wh11e most of their ne1ghbour1nq farms go either. to Porters or Vaucluse, bgkh
'oquhdch are further away.. It 1s by now ev1dent that the removal of Fairfield
flfrom[the'system had.a greater impact on costs and rents:than did that of

Guinea which was.in the main factory-zone. Thus the old Guinea farms are an. .

“



- zone or most of the northern area.for that matter.

“;; Marqina]itx .

For examp1e the h1gh rent zone in the south around Carrlngton FBursquare

anomaly in a highest rent area, but yet earn muCh-nore than the Fairfield

/

*© While there have been imnortant;cnanges in.the two rent systems tor .
the two years yet the hastc.patterns are somewhat similar. 'The major htqh ‘
reht zone for 1973 is'a1so part\of.one'hiqh zone tor 1974 thouqh this is not
a very c]ose f1t and the second peak for 1974 does. not co1nc1de w1th any 1973 -
best 1ocat1on zones. Th1s could’ be somewhat m1s]ead1nq gince the rents and

their desighation‘as be1ng.h]gh, low and so on ere relative to the situation

. " for the particu1ar year' The range has expanded so that areas of Towest and

.\1,.

medium rents for 1974 now qa1ned around twenty cents which wou1d have been
highest for the prevfous year. In at sense theyfére better of f financial]y '
compared to the1r vorse 1ocated ne1ghbours whose re1at1ve ‘positions worsened
The c]ass1f1cat1on 1s therefore arbitrary S1nce a farm wh1ch cen earn a rent
of anything over zero is doing fairly well and a rent of twenty cents 1slvery
good even though others miqht be earntng forty seven cents. | The classification

is for comparat1ve purposes on]y and marginal farms except for the zero rent . ,

ones, are d1sadvantaqed only in respect to others better Jocated than themse1ves.'

-
S

With a stable ecological base and a shifting rent surface.the relation-
ships between the two;andﬂthe resultant total marginality boundaries have

shifted for .this year. There is now no clear cut re1ationship between good

T N . - 2 0 '
production zones and advantaqeous Tocations in the rents sense of the word.

" and Searles factor1es are %n the two worst eco1oq1ca1 qroups. On tﬁe other

]
hatd the rent zone around Uplands with its peak, is in one~of the best ecologi-

" cal categories. :The best fit occurs for the mass of farms in a sort of middle.

< ._zone which coincides with good ecological- qroups and reasonably high rents. -

~
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- This approx1mates to rents of thirty and y1e1ds.of around thirty two tons
per acre. For th1s year "the best farm is Clifton Hall w1th hlghest rents
and highest yields. There is again however a quite good re1atiohship be- ;
'tween the areas of both'1oh rents ahd 1ow'yietds ﬂhe St. Lucy, Andrew and
coasta1 reg1ons of St Peter, James and M1chae1 again emerge as zones of
greatest marg1na11ty 1h a composite sense. This .is also true of the’area in.
sootheastern St: Phi]ip’;fth'1ow yte1ds and low or zedium rents. There is
still a 1ot of vaﬂidity”in ta1kdng_of'tota1 margiha]ity for_the sugagidndustnyf
_If can still be said that the 1974_pattern reinforces.the 1973 ohe to the = o
extent.some marginal areas have become worse off.
"However the fact thatnthe best areas(at both levels doahot coinetde
" tends to suggest that the present ten factory system is;@ot the best organized.
taking~dnto aceount the highest yie1dfng farm‘regiods to be serVioed} and
‘ 1mp11es the poss1b111ty of reorqan1zat1on ~ This 153 of course, assum{ng'that
' it makes more: sense econom1ca11y to have factories nearest to the maJor pro-
-ducers. ‘It is reasona51e to make that assumpt1on,s1nce with the coincidence
of oest land apd best factory locations the bu]k of any harvest would have
_ shorter d1staA:es to move and so incur 1ower costs. What emerges WOuld be a
. balance or trade off between the overall good angf1nd1v1dua1 d1sadvantage, ;
which can bé eas11y offset by a subsidy or preference if necessary. While
it ts ecohomica]]y unsound, to relocate eipensive'factories mére]y to improve
. transport costs, there are many reasons'dea1t with in”the nexf chapter.which-
suggests that re]ocatfon is feasihle and.nesessary;for further factory ration-
alization in the Barbados.Sooar Industry. _ |

» . N - -

‘' C . /ﬂ “ o v . . . . ) }/\ )
. ; N C. Conclusions - S S
’ ]

The 1974 results have shown how the system of allocation, rénts and

prices have been altered because of one factor changing. - There are two other _.

-
o

’
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| parameters in the mode1 which can a1so\cause change in eventual solutions,
these be1ng transport costs and farm- product1on changesl The f{rst can be ,
caused by a switch to new methods of harvesting and transportatlon as in the’
recent 1ntroduct1on of chopper harvest1ng wh1ch used spec1a1 bins on themms
: ~ tra11ers._ Farm outputs can 1ncrease due to new varieties of_cane, a change -
1n acreage between food crops and cane on estates or°any similar factors.
P SInce the f1na1 resu]t is’ so sensitive tgbpecu11ar comb1nat1ons of these
. cruc1a1 factors there 1s a point to be made on the use of the model. Results
-” fa "obtalnedﬂare‘opt1ma1 only for a specific and fa1r]y,l1m1ted time per1od over
whdch drastic changes are not expected ’:For planning purposes this period is .
e usua]ly one.year wh1ch is a1so the best p1ann1ng period for a cane harvest,
. [

. and 4f this method were ever used new so1ut1ons would have to be found on’ a

" yearly basis. oL o




V. RATIONALIZATION OF THE FACTORY SYSTEM - ' S

‘ﬁ& Evo]ution of the factory System

).
The allocation mode]s used in previous chapters create eff1c1ency

~within the ‘context of an ex1st1nq 1nfrastructure wh1ch is not necessar11y
the most eff1c1ent form of orqan1zat1on‘poss1b1e It 95 thus a pure]y short
term so1ut1on q1ven the structure of the present arrangement and any weak- _g
. nesses inherent in that system. This is exactly what was done through the .
use of -the twelve and ten factory structure for the Barbados Industry. How-
eyeu there seems tu be‘&learbevidence-tq suggést-that the present pattern a..
-cou1d be-jmproved by a reduced number of facpbries, but carry;;q Iarqgf’grind- LA
ing capacities and thnduuhput. This chapter 1ooks'at the issue of factory
_‘;jkntra1ization and:tHE“héed fou.a more }ationaI‘systém, purticu]ar}y Fhe 1oéa:
t1onal and allocation aspects of th1s change. . | ]
) The factory system 1n Barbados evo]ved over a .300 year per1od begin-
ning in the 1 ‘s with the 1ntroduct1on of the f1rst.m111s-from Brazil. _ ‘ R
(Gkadué]]y;as each estate'qot organized, it déué1oped‘;Z;—;;;fEFBEESsinq equip-
ment whicu worked year round to produce siigar for the overseas marketgl By
“1708 there were 485 mills of wh1ch 409 were wind driven, The f{rst steam
plant was introduced in 1840 and at this t1me there were 506 w1ndm1T1s ;ihe'
steam p1ants were more eff1c1ent part1cular1y with the 1ntroduct1on of vacuum E
‘pans, a centrifuge and hor1zonta1 m111), so that by 1895 there we;F ovei. 100
steam operated factories. Concomittantly there was a ;harp decrease }n the -
numberuofnwiﬁdmi11skanu in 1900 there were oh1§_338,1eft.1 By 1913 these had

again reduced‘to_217 with a s]iqht‘jnérease in steam ?a&tories to 103. The

-
v

’

lNotes on Barbados Sugar Industry, PAM West Indies Sugar Téchno]oqists
Meet1nq, Mhy 1973 3 \ ¢ :

o T o
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}
_ first World War and,:a higher demand for‘. sugar s‘an the first large factories
being burﬂt. In 19?9 twenty-nine centra]s were inbperati'on'-and a. smalf
residde of s-team a‘nlﬂ nind miﬂs ‘In 1939 foHowmq an- 1nqu1ry after the
_'years of’ soc1a1 unrest a sur)vey listed thn‘ty three central fagtomes th1rty
seven wmd mills and thirty five steam p1ants The Tast w1nd mill at Morqan
Lew1s ceased operatmq in 1946 and by the 1950 s there were only ten steam

™~
driven plants and twenty four '|arge fac:tr.mes.1

This process of change and
ama]qamatio'n went on into the 1960's with agfurther ‘reduction to sixteen’
factories (centrals) and six steam operatwns mak1nq fancy molasses. 1In 1970
one more sqgar* factory an?d_-;_four steam~pilants were closed. The Iatest eplsodes

-

in-the chang"lnq‘factory structure are going on now in ,t.‘he 70's. In 1970 there
.was the consoﬁdation of aﬁ remajninq ‘igactori_e's under a single management
authora’ty,'The Barbados-Sugar Facto’r’ies Limited As a resu’lt 01" this chanq‘e

- three factories and the other stsam operations were 1mmed1ate1y closed whﬂe |
a larger factory, Gumea, was converted into a fancy mo]asses p]ant The 1973
: harvest was processed by twelve rema1n1nq factor'les. Bef_ore the 1974 crop R

two other factories, Guinea and j¥-‘a1‘rf1'e1d,_wére listed to end grinding oper- {

ations.-
B. Centralization ’ . o f

g\Theﬁ debate'on_centraﬁzation of the factory s.yst‘e:m .has qone‘on in
the island for well over a hundred years. First serious‘mention of the issue
was in 1885 when a bill was, béssed in theoleqis'lature aﬁowinq the ﬁarbados
. Agricultural Society to raise- tﬁe necessary 1oan for a centra] Th'e whole
idea was squashed however, when qood enough security could not be given by
the p]anters-aqa}'nst the debt. 1In 1898 two financiers from Britain made pro- .

‘posals for the building of a central.  The arrangement was to be that ca_ne. :

| "2
A

LSaint, op. cit.. s
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érowers supp]y them for ten years at a price not exceed1nq 10ﬁ-per ton ‘\lg ’
”Bes1des the p]anters were tOorece1veﬁﬁg1f of the factory profits after all
re1eyant expenses had been deducted, 1nc1ud1nq the s1nk1nq~fund and deprec1a-
tion. This prof1t was estlpated at one shilling and three pence per ton of
cane giving the p1antat1ons a tota] earning of eleven shillings and three
. pence per ton of cane. The p]anters, "however, ca]cu]ated that they were
.earn1ng twelve sh1]11ngs six pence per ton of cane for the manufacture of
muscovada suqar and choice mo]asses us1ng the1r own small p]ants and there—
~fore reJected thé proposal, ! The 1ssuenwas carr1ed over )nto the fo]Jow]ng
century. In 1908 moves for the creation of a central’vere introduced into'
the House of Assembly. It was pointed out that L . :
So long a's the’present market fon‘muscoyada suqar existed, |
the necess1ty for sugar factories: .Was not apparent.
The caution was given that the-muscoyada.trade was upstab]e and could easity
crash, and that new factory machinery uasﬂcapab1e of a qreater juice extrac- '
'.tion than the-old mills, which only remoyed about fifty six parts of juice per
100 parts of cane. The considered opinion of the committee was that serious
effortsshould be made to raise the necessaru capita1 for such a factory. At
* this time however the building of centra]s in Puerto Rico ‘Teft Barbados "in
. a more favourab]e pos1t1on to supp]y North Amer1ca with molasses. Th1s was
particularly-evident after 1905.when a’ new process was discovered by which
"fancy molasses”" was fade. The island's advantage arose from the fact th;t
nthe new conversion process cou]d more eff1c1ent1y be carr1ed out in sma]]
plants rather than 1arge factor1es and so the island }111ed the gap 1eft in-
the United States market by- the{ 'Factor_\; changes -in Puerto Rico. * As Sir-John
~ T

Saint 1953, 5.

2 ' T
», 0ff1c1a1 Gazette, Ju]y 26, 1909 Documents laid before the House .
of Assemb]y, May 6, 1909, .« . : o, .
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Saint puts it:

A11- the evidence goes to show that until the f1rst World’ war -
_ - . improvement of factories-was a $low process in Barbados and-
] . the chief reasons were undoubtedly the demand for edible moT-
' ~asses which could be sold above the parity of sugar and the
" ' d1ff1cu1ty of finding capital for such 1mprovéments 1

4 W1th1n the last decade the issue has again risen, part1cu1ar1y at”
this t1me when reorganization of the industry seems so vital for 1ts sur-

-viva1. ‘In 1962-63 there wae a commiésion of thuiry into the Barbados

' Suger Industry_end high on.the:1ist of pdtentiaJ and necessar& changes. was
the centralization.idea. It\shou1d he noted that varying deqrees of centra-

lization and consolidation have been going since the earliest debate on féC%

tory efficiency‘around the island. The commissioners stated the problem as _.

they saw it:
T . . S
The proliferation of small factories and the close proximity
of more than one factory to those cane supp11ers who\agg not -
share ho1gers of estates, have resu1ted 1n keen competition
for cane. ,

From there it was a short “step to make the basic recbmmendat1on

The only so]ut10n i§ to have more modern and -large factor1es
strateq1ca11y placed ‘over the island so as to make it uneco-
nomic for a grower to supply canes to more than one factory.:
Each factory wou]d therefore have a somewhat monopsonistic
pos1t1on

In contrast to th1s the Sugar Producers Assoc1at1on<does not accept
“
the idea of total centra11zat1on To them it is too costly a venture and a

waste a]most, since they have factor1es.wh1ch are still in working cond1t1on.
It is also claimed by the Sugar ProduceheﬂAssociatipn that the island's road

system is too narrow to accommodate larger transport unit; which would be

lsaint, 1953, 4.

2Far]ey, R.; Ifi11,'M. and Brown, J.,—Commission of.Inquihy into the

-« Barbados Sugar Industry, Barbados Government Printing Office 1962-63, 39.

p, cit., 3.

N
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needed to supp]y the centrals from the estates 'They admit however that

some form of chdﬁ§£ is needed

At present there is rba11y no -coherent policy of closure’
and there have been a number of examples of factories in-
stalling new and expensive equipment only to qo out of -
product1on a year or two later.

%

The1r idea of chanqe is to work from the present system e:;??educe the num-.
berrto a desired amount based on the better ones in existence at the present.1

" There is a lot of supporting theory behihd the idea of centralization

i

and large p]ants, most of 1t\be1ng related to economies of sca]e Genera]]y

~the}cost of 1ndustr1a1 products is 1ower in the larger p]ants s1nce the costs
> 4
- of equ1pment construct1on, ‘1and and 1abour do not vary in direct proport1on

. . ..
- . .o

A United Nations survey on'the subject lists two types of scale

to chanqes in p]ant size.

advantages, technological and economic. The fonner are derived through dt-
vision of lahour, proeess integration and the physical and.mechanicai adveh;’
tages.of‘1arqe size, This operates partty through the'use of machinery which
1s not feas1b1e at 1ower output levels, Economic scale advantaqes operate
through research, market1ng, maintenance and the possibility of ‘easier cred1t
Here less overhead is‘required per unit of output since fixed costs can be
spreed over 1arger amounts d% product.2 ‘R. Auty has' shown that the cost oer
~ ton ot~insta11ed capactty for a sugar factory be]ow 9000 tons is twice that
for a 22,000 tonfplant. There are also large savings -to be made on faqtories

-

up:to 36,000 .tons, One reason cited is the fact that machinery costs increase -

-

<zn proportion to the surface area of materials used, while capacity rises in

roportioh_to the volume. ThisAis particular]y evident 1h\Br9ductjon processes

Hiidson. .13,

’

2Industr1a11zat1on and Product1V1tv Bu11et1n 8, Un1ted Nat1ons,
New York , 1964 53-61. o " e {
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o
as/is sugar manufacture where the. machines used are mainly conta1ners 1

a]so expected that larger more modern equ1pment will qive an 1mproved
bvery ratio of sugar from suqar cane.

he concept of 1ncreased size and eff1c1ency has been supported by

' Sa1nt > In his work he eva]uated the 1mbact of many varlables including rain-
fall and factory eff1c1ency on the output of sugar in the Barbados Industry
for a per1od of 100 years. He. first plotted output in fAve year averages
against ra1nfa11 for the same periods, to test the” relationships and then
exc]uded the 1mpact of var1ab1e rainfall by ca1cu1at1nq the average tonnaqe
of sugar 1n_each five year per1od per inch of ra1nfa]1\\ The -increases over

time were.then explained by other variables particularly factory efficiency.

. The article showed that between 1855 and 1869 the average yield of sugar was_

- 810 tons per 1nch of rainfall and this could have been 1ncreased to 1340

tons if factory performance had been equa1 to that-of the 1940- 50 per1od

The 1increase .in production due to improved factory efficiency -
is that of the order of 530 tons of sugar per inch of: rainfall.

"It seems therefore that cpntralizatton should be the next 1ogica1 step in_
-further rationalization of the factory system. Credence 1s’added to this

by the fact that the Farley Report and nearly a11 its recommendat1ons except
the chanqes in 1and tenure, have been accepted by the Barbados qovernment and
1nc1uded in the1r master plan for the Tonq range physical p1ann1nq of the
isTand.3 This would‘help.to bring the'is1and into the matnstream of rationali-
zation at the‘factory Tevel which.has been going on tp the other sugar

L

lAuty, RM., "The Sugar Industry of Demerara 1930-65, Some Problems

in Identifying Sca1e Economics”. Journal of Tropical Geography, 34, 1972,
8-16. ’ : .

\

2Saint gp_'cit 5. ' , ’ ’ S ,‘

3Phys1cal Development Plan for Barbados op. , 16-17,

) . ' : N @
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produc1ng 1sTands of the Caribbean 1n’éenera1 and the West Ind1es in particu-

- lar.{(Table 6). (:::,,r"/———” -

3
«
»
- -
-

. 5 . TABLE 6 .
1 ) ' Number of'SugeH Eectories Operating R -
- Island 1958 -+ 1959 1%0 - . 1961
gamaica -~ - 20 B I R BRI
Guyana - iz s
Trinidad =~ 6 6. 6 o 6
“Barbados ) L1900 T 19 R VA V
St.kitts” 1 1 1. o |
Antiqua A R R (1 1

Source: Fa ley, R., et: al. Comm1sélgn'
of(Enquiry into t 'Fe "Barbados

Sugpr Industrv 1962 63, Append1x

The aTTocat1on and Tocat1on implications of centra11zat1on are based
on the recomnendat1ons made to the erfiment by the Far]ey Report The
repore suqqested the eventual cy tionm of four centrals within the de;ade ’
1963773 each with a capacmty of 40,000 tons of sugar annua]ly. It was sug-
de‘sted that because ‘of financial need, | two should be Tirst buﬂt ‘in areas

with the rep]acement of the smaller and 6lder existing pTants 1n m1nd The

,compTeted sysgem "should have been in operat1on by 1973 at wq1ch timé total"

' capac1ty would be equaT to natidnal product1on In the Tocat1on decision:

1

..the new ceritrals should be so located as to make it uneconomic-
for all but a few suppliers of cane to,¥1ew~any two of them as . ',
- alternative outlets for their produe}s. -
. T o .Q ‘

Irartey, et. al., 1962, 36.
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The final system, 1t was stressed would create an est1mated .savings
of $11.08 per ton of sugar. 1 It wou1d a11ow all costs and 1nterests on. the

venture to be repa1d within e]even years, and Teave the 1ndustry far better

ki

-

equ1pped to qgst possible” changes in the 1nternat1ona1 pos1t1on of suqar
The arguments q1ven particularly those of the Far]ey Report, suggest .
the need fFor the creation of a more highly centralized system of factories than
there is at the moment. Assum ng a four factory system'1s>requ1red, there is
now the need to find the optimajl locations for the tactories-and also the
optimal allocations between the farms- and the new céntres This is done by

the Jo1nt locat1on a11qcat1on a1qor1thm using the four factor1es and the1r

' capacities, and the output of the surround1nq land as the basi¢ data

C. Location¢A11ocation Methodo19qy

The proqramm1nq techn1que used to so1ve th1s problem was deve10ped
2 and Miehle. 3 There are two fundamenta1 pr1nc1p1es 1nvolved
(a) If the allocation of demand points to centres is known then the '
best centre 1ocat1ons are eas11y found by the use of a Weber tvoe ana1vs1s
In other words the centre of grav1ty of a group of we1qhted po1nts can be found,
- (b) If centre 1ocat1ons are known and f1xed opt1ma1 a11ocat1ons cn
be found by rout1ng each supp]y pg1nt te 1ts nearest receiving centres : '

The actual algorithm d)v1des the sources into a desired number of subsets

hased on weights and centre capacities. The optimum single Tocation is -then

found for each subset. This is in turn followed by a number of program itera- -

until tabiidty is reached. Stabi1ity"occurs when all ‘sources are assigned ‘

L3

1

2Coope'r L., "Heuristic Methods for Locat1on A]]ocat1on Prob1ems
SIAM Rev1ew, 6, 1964 37-53.

Farley, op. cit 43, (Based on totaT cost of sugar production )

J

3M1eh]e w "Link Lenqth M(ﬁ?m1zat1on in Networks" Qerat1ons

Research 6, 1958, 232-43, N

» -«

\
,

tﬁons‘:};ernating between Tocation of centres and allocation of sources to them *
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. the optimum.

. Ostresh Goodchild (éds.) 1973, 55 66.

] - D)
2 o

- to their clesest centre, and each centre is at the minimum point of its

set of demand points: ' . " . T o T
'~ This location a11ocat1on procedure has been programmed 1nto computer
package format in a program called ALTERN devfsed by L.M. Ostresh. It is a ; '

program wr1tten in IBM FORTRAN language, and can be solved on a 370 computer gL

/)
E
-

ltr1s a heuristic which means that the final solution is worse than the abso-

/. ! . - : . :
1ute~optimum_and‘the margin of error has been calculated as being 2% above
! The output,gives both the”allocation of demand points, and _n'
sets of locational coordinates which show optima¥ factory ]ocatﬁons.,

D. Resu1ts: Locations and. Costs

‘ A four factory system was suggested by the Farley Report. Figure'ls shows

the optimal locations of thesgifactor1es F1gure ]5 shows the opt1ma1 locat1ons .

for a four facotry system as suggested by the Comm1ss1on of Inqu1ry Assum1ng
the same outputs and trdnsport costs as for 1973 and 1974 the aliocat1ons show
a cost of $2,560, 867 48 (EC). ThJS cost is ‘an increase of $91 155.68 or 4% )
over the old system Th{s is not too large an 1ncrease to pay in. transport

for an improved system. Usua]]y centra11zat1on onvo]ves a trade off betweeii

s N -
. - increased transportat;on costs due to 1onger d1stances to. trave], and the benef1ts'

‘A

from the improvement itself. The benefitg have been ca]cu1ated as creat1ng a’

"

sav1ngs of $11 08 oﬁ every ton of sugar. 2. This obV1ously outwenghs by a great

margin the extra 4% transporﬁ costs which ofly means on the average about $2 08 a

‘ ton of cane. Bes1des there is also a benef1t in transport costs at. another level

o

. With far- 1ess«factor1es and these opt1ma1]y located there w111 he a 1ower tota]

~ 4

.
.
7“} . u ’ -

]Ostresh L., Altern:” Heuristic Solution to the M Centre Location
Allocation Problem Computer Programs for Location Allocation Problems,
Monograph No. 6{/Department .of Geography, Un1vers1ty of Iowa RuShton,

13
w

Far]ey, op. cit., 36. : ;} L
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costs for the transportat1on of sugar from the factories to- the sugar termi-

o : nal 1n Br1dgetown the port of sh1nment Th1s has extra sign1f1cance since
] .
B . the cost per‘ton for sugar is $3.08. 1 It can be conc]uded from these costs: A
L - o r/ ]
) ‘that the new actory system ‘has many benéf1ts to add to_the 1ndustry and can

- -‘%7 !
. eas11y offset the extra cane transport costs involved.
A ' _ : 13
A further breakdown of the new cane transport costs show,.that of the

-

tota1 peasants pay 17% and estates 837 This is also more or less the.exact

ratios for each cane sector in terms of output of cane, peasants :contxi

[

'"between 18 to 20% year]y "The hew system therefore does not discriminate be-

&

‘tween the two séctors in terms.of creat1nq extra costs, dlsproport1onate1

and ratheJ favours the peasants somewhat
“ | \ k — 1.
e ~ . A look at the_mapJOf new 1ocat1ons compared yith'the old factory sys-

another potehtia] value. As noted earlier the rationale.of .the
,fgugar Pro qers Associatidn is to work towards an improved system of factor-

~ ies based on the ex1st1ng one, rather than the creat1on of a totally neWrrj

o “.

compiex. . In thig context 1t is very 1nterest1ng to note that the new fac- - -',
. 4

‘tories are,in near]y all cases,extreme]y c]ose to some of the old factor1es.

~.This, is true for three new locations which are very near Vauc]use Car-
Iy

. r1nqton andFoursquare and the third factory close to Gu1nea and Uplands.

The exception is, w1th the northernmost factory wh1ch is not close’ to e1ther

Haymans or Fa1rf1e1d Th1s means that a new factory system cou]d be created
X 8
us1ng as 'a base the preﬁent factorles wh1ch are c1osest toﬂthe opt1ma1 1oca—

'0t1ons Improvement in Vaucluse, Carr1ngton and preferably Up1ands,wh1ch
" seems. to be more eff1c1ent -and certainTy- 1argen.¢han Gu1nea,cou1d therefore
)
be. a new base of up grading for the present strécture. This does not seem

" tdo d1ff1cu1t since all the present factories operate at a fair1y close level ’
; W ’ . ’ ' )

. . ° ','J \

A et

N

4 JFiles supp]ied by Sugar Producers ‘Association. . ' L
- ' - i !.k - Q'
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" of output and scale, there be1nq on]y th1rty tons per hour grinding d1fference
between the 1arqest and smallest factor1es now operatlﬁﬁ Add1t1ona11y, the
~‘a11ocat1on system used often sends more cane to some of the sma]]er factor1es

than to those w1th larqer capac1t1es showing that for the present structure

‘size and output at the theoret1ca1 level is not the sole cr1ter10n for allo-
1

cation. - For examp]e Searles factory with a capacity of f1fty tons per hour
gets only 97,700 tons allocated to 1t for the 1973 crop while Uplands and

Vaucluse with forty eight tons per hour capacities are given 89,400 and.94,600
e . . L : "
~tons respectively for the year. In other words the fact that Vaucluse, Up-

lands and Carrington do not have the largest outputs does not lessen the

realism or common sense of usind them as the basis for a new system of fac-
\ . o d .

tories; ‘There is obviously the need to build a new factory:at the optimal . ‘

location in the northern area where -none. of the existin@ factorieg are really

&

: cjose enough for consideration, if a really rational system is beina sought .

out. .This solution could easily satisfy the leaders of the suqar industry

N * °

who are probably more praamatic than the idéa]ists_wh? insist on a .totally
R ,

new arrangement;/and at the-samé time stiTi create the kind of efficjency
'which a new ‘'system offers, possibly at a lower cost. Of coursé this does involve

1ncreased transport costs, but th ncrease is not very much greater than
>

the actual opt1ma1 program. In any case transport costs are not the most

. @

T IR

important consideration in the.'creation of a new Factxiy system.

, E. Primal Solution ' ‘ . A
‘ . .

Figure 15 ‘shows the a11ocation:pattern for the four factory system, .
and when compared against earlier patterns shows some defindte individualities.’
-In the f1rst p1ace there ,are no sp11t a]]ocat1ons, each-farm's output being

sent to one factory on1y, thus meeting Far]ey s requ1rements A1onq w1th:

this there are very few rea11y Tona hauls. The °"1¥ Tong routings are for .

- N N\ . . ¢
L] L] N . . . .
o . ¢t
N

- o
" a * ' : 1 v :
. .
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Blackmans estate going to the most norther1y factory,when two other factories
are rea]]y close to_1t. The other two are Peasants 33 and Peasants 34 which
go to factony.tHree while factory two 1s c1osest-to them. Of course in a- . \‘—1§
p]ann1ng s1tuat1on these excessively 1ong 1ourneys can be e11m1nated by the ‘
© simple process of rea11ocat1nq them to a closer factory Because of the
earlier reasons each factory has a very,c1ear1y def1ned h1nter1and w1th onTy '
the few 1nterrupt1ons 1h1s ‘a1l conforms to the .recormendations that eachh_.
factory control a given 1and area hav1nq a monopsony on its supp11es, wh11e

very- few estates can view more than one centre as a potent1a1 market, w1thout

1ncreas1ng the1r transport costs, by a fa1r1y’s1gn1f1cant amount Th1s all

-

- " leads to a.clear cut system far less compl ex than the prev1ous arranqements,"

| when there were many factor1es in operat1on. There 1s one,1nterest1nq obser—

vation which comes 1nd1rect1y out of the allocation patterns.. In spite of, the
fact that each factory processes an equal tonnage of cane Vet there are dif-

K O \

- ferences in the sizes of their h1nter1ands For example the first factory '

£ ‘
~_ (north) has'a much larger h1nter1and than the second factdry. This is because

some areas are better cane land tﬂhn pthers,-the northern and eastern areas

'() PN

, being the worst of all.. Thus the-varytngvsize.of the factories sphere§ of
'1nf1hence,a1so give some indication of the 1and potential at different places.
,.‘ s :.‘J

F.’ Dual Splution

» P

'upported y “the dual solution's equilibrium prices

Th1s is a]so
. Cat the factor1es : ) . '
Q' ' o Factory one 217 ) ' s IR . | P
' ' . ) Factory two 198 T . L : ';‘f
CA p g Factory three 217 ‘ . : Lo L - ' |

) Factory four 200 Cents/ton
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Note that the factories with hiqher delivered prices are the ones with larger A\
h1nter1ands and also the worst Farm1nq 1and for suqar cane product1on and

wh11e they all take in the same quant1ty of canes,yet their 1s a wide vari--

o

ation of price between some of them. Associated w1th'them are the location

-auel'ﬁra— - - —rents on the sutn%undinq estates and'peasant farms. In this casg there can,

# however, be 11tt1e comparat1ve mean1ng attached to the dual va]ues Th1s is

“due to the fact that each factory has ah 1ndependent subset of farms and
¥

there is no 1nter1ock1nq system of rents and rices as in ean11er so1ut1ons:
Each_set of rents show & gradual falling oftﬂj::m\the centré (factory)-out-

" wards to-the periphe;y in a reqular fashion. There are therefore‘four rent:
surfaces in this case and it 5s-imposs{b]e to_1ook at advantage and margina1-

ity “in"the ;same way as before. : :
. . . ' b, -

G. One'Factony System :

‘ .

The ultimate in ceqtra11zat1on at 1east at the theoret1ca1 level
is the creat1on of a one factory svstem It is quite obvious that th1;*;s -
a fairly 1mprag§tca1 solution taken against the baEE;:o;;E/%f what are sup—. *
posed_to be optlma1'sizes for,suqar factories in qenera] and'éarbados in: ¢
particular. Among the disadvantaqes associated with such a system would be

the re]atwve1y long hauls involved in transport1ng the cane from the - outer
X e ' estdtes to that centre, and the'b0551b111t1es of conqest1on at¢§he factory _ .
En ,l , yards and on the roads, with long queuea of 1oad%d trucks awa1t1nq service.

Yet the 1dea ra1ses a rather absorb1nq quest1on ‘of both theoret1ca1 and

N

1 academic 1nterest which is- sat1sfy1ng to answer In a qeoqraph1ca1 context it
A ‘ hecomes a pure 1ocat1on problem. Given the spat1a1 arrangement of produc1nq
e ! un1ts and their vd\y1nq outputs, where could one factqry ‘be 1ocated,,so

- as to be- séked in that precise spot most access1b1e to all. the producers’

[ ’

Immed1ate1y there are echoes of the type of me+hodo1oqy and prob]ans dea]t
f

.
' . - ¢ N
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" with by Weber, and Losch who are really the fathers of most industrial Toca-
tion theory This problem was so1ﬁed using ALTERN part#%u1ar1y 1ts Weber

Subroutine pyogram, Figure 16 shows the result. The centre of qrav1ty of

the weighted distribution of all sugar producing 1and'1n Barbados was found =

. to be an area midway between Uﬁ1ands and Andrews factories. From the ieca-

' . R ! . .
. tion decision a series of location rents were calculated for the island. It
.‘1_ ' :

shows convergence on the centre and a very regular fall off on all sides ?n-

ti1 the margins are reached. It is-interesting to note that -the worst Hocated:’

areas,with zero rents or 11tt12 more than.thet,are egain found in the northern

sections -of the isianﬁ,cpihtiding Qith the areas of worst farm }and. The ’

highest:fent areas again coincide quite well with the'ageas of most fertile

‘cane land, except in a”few areas on the edge* of the Scot]énd area whice‘have

very good Tocations and poor ecological conditions, “This again is not a .
"surprising find. In ustnq weiqﬁts based qn-producttvity in both the foﬁr.and

ohe factogy cases,there must be a 1ocationaf bias in favour‘of the better: .

. Tands getting best locations relative to %the- factories. This -is good also

.“'u -~ ~

for 1nd1cat1nq the areas wh1ch could soonest be eliminated in any retract1on

'proqram for the: industry. - " S . B ,/\

3

The results from the centra11zat1on processes te$1 someth1nq of the.

1ocat1ons of the7present factories. .Uplands factory is always c]ose to some ..

of the:new 1ocat1ons as was seen in both the .four factory and the one: factory

J

'systemn It seems un]1ke1y to be merely co1nc;3ence s1nce the 1ocation dec1s1ons
,afe based on important factors,rejat1ng to the 1ndustry. There seems to be
grounds‘fqﬁiéssuming.thqt Uplands is the mostﬂstrategica1ly.16cated oﬁia11
the'factories in Barbados: '6ther we11,1ecated fattorﬁgs in‘terms of present .

and future needs' are Vaucluse, Carrington, and Foursquare.'.ln contrast the
'.*»

s

. worst lécated are Porters and Haymans,. Even in the ear11er allocations, Por= "

.4 q.

ters was a1ways the factory. to get any’ extra unused capac1ty 1eft to 1t 1n

the computef solut1ons under11n1nq “the fact that in the totéﬁ system 1t is

o

\
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at

- factory,, be1ng farthest away from the new locatfons.

%
l/
%

&7,,

"-‘.;. " . ) f . - v
Ve . «

va SN

most disadvantaqebhs1y Tocated. Th1§ factory, a1onq w1th Haymansqzi is$ again

worst 1ocated with reference to a new four factory system and also-the single .

There is therefore the
’ o
poss1b111ty that a11 other th1nqs being equa] these two shou]d be the next

two - to be scrapped in any program of chanqe. Th1s k1n% of rea11zat1on can .

[ (29

~a'lso be of benefit to the 1ndustry wh1ch sees a gradual chanqe and phas1ng

out ofasome factor1es as bejing. the most pract1ca1 and least cost]v solution.
Haymans a]so happens to be one. of the rema1n1nq factories which has the Tow-

est gr1nd1ng capac1t1es be1nq fortv e1qht tons. an\::pr. An-1nc1denta1 point

of 1nterest comes out of the smoothness and reqular ty of the 1so—profit lines.~

These are determ1ned on the bas1s of d1stance measured 1n~road m11es and

. costs. wh1ch are d1rect]y proport1ona1 to d1stance. The redﬁhar1tv therefore

suqqests that ‘the road- system exh1b1ts an a]most equa11y dense network all X

over the 1s1and DR - R

.
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.. VI. EVALUATION OF THE STUDY - :
A. Assumptions, Data' & Results

In the foregoing chapters an'analysiszas made of some aspects of

the Barbados Sugar Industry,spec1f1ca11y the ]ocatlon and allocation dec151ons
as they re]ated to- the tranSport of can‘s to factor1es and factory orqan1-

. zation ttself. There were two d1st1nct though related processes under con-
sideration, one be1ng a short_term‘goaT while the latter involved the Tonger
range planning of factqry_fégilities. "The short term so1ution5'sought to
find the most efficient a]tocations of tarms.to factories for the twb pears‘
1973 anq_IQZQ;Usiné the.presemt factory system'a;d prevailing levels of farm
6utput and transport'costs. From this initial starting point the scope of
the study broadened to ook at tﬁstﬁstoriclprgcesses of ama1gamat%bn in the
'factory comp1ex and its present 1ete1s of'afficfency fhe concIusidn emerged
" that the present structure cou]d pro??tably undergo rat1ona11zat1on throuqh

- the creation of four modern strateq1ca11y located centrals which wou1d re-

5§
place the small.and in many cases age1nq p]ants now be1nq used. Some of the\\‘\ )

Main c?nclus1ons reached were; . e \ o ‘

'(a) The industry was presently operat1nq at a. very high 1eve1 of
'efficiency 1n its schedu11nq operat1ons +but a more obJect1ve approach to
.the a11ocat1on dec1s1ons would create 1ncreased sav1nqs in transport costs.

L]

(b) Locational advantages: for spec1f1c areas and farms tended to
be s1m11ar at both the/aqronom1c as we11 as the transport cost level, ‘
creating a core area most sp1tab1e for suqar cane product1on based on. both..
‘y1e1ds and sav1ngs 1n-transport costs.

(c) Spat1a] changes 1n tHL 1ndustry cou]d be eas11y mon1tored and

‘contraJ]ed and a planned retract1on of the margwn of cu1t1vat1on from the

per1phery 1nwards/to the core area 1mp1emented, 1f necessary.

‘ 4 ' . . ‘ e‘ -
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(d) A pattern of opt1ma1 factory 1ocat1ons could be and were found N

taking further rat1bnahzat1on of the factory system into account, whﬂe at

the same time selecting the optimal allocation of farms to these new. centres.

"The solutjons were found with the use of hn‘ear proqrammmq tech-

niques spec1aHy programmed for computer application. While .1t is true that

‘ the technique seems to be most admirably suited for the type of problems

"dealt with, there are .a few attributes which must be borne in mind which

might have lessened tfie effectiveness of the results. This method assumes

. the linearity of the relatignships in the program; in this case ‘that costs.

il

are linearly related to distance and can thus be plotted on a, qraph .as a

4

" - . ! .
straight 1ine, Dorfman, et. al. asked a valid question generally concerning .

Hneari'ty:

‘Can economic problems be cait in th1s strict format w1thout
doing them mortal v101ence7

In this case costs and d1stances are effectweTy hnearlyire'late\d This
is because there is a.reqular increase in cost per umt-distance and there is
no-distance" (F1gure 6) decay function i_nvofved.' Thus the constraint of 1i_ri;'ear-_

™ . ¢ . -

ity ho1ds for the study Secondly linear proqramminq provides a non-dynamic -

*. and short term solution. 1In other words the resu]t is very sens1t1ve to the

1nput data and factprs oper'at1nq outs1de the r1q1d for‘mu]atmn of the prdb'lem

are not exp11c1t1y taken into account. For example jn the Tocatiop decision

N

a factgr was left out which could possibly have affected the resu‘1t.‘ Usua'l'ly" '

location of an industrial plant is giewed as an e%lﬂibr'ium of dfffe’rent_\,

., . _ _ .
classes of iinfluences, raw materials and markets being the two most important.
Our -model took only the.raw material, sd_qdr cane, into consideration ,apd the

locations were based on the farm 1ahg§3without thought of the movement of

Al

B v
'

————

1Dorfman, et. al., gg.'cit,-', 8. o - R

i

t



sugar from factory to the suaar terminal in Bridgetown for eventual ;c,l_n‘pment
' e

overseass However there ‘are qrounds for suggesting locations away f}'om,the '

port. Jhere is a rﬁateri‘ﬂ index_of nine for suqar cane /_and th1s in Weberian
terms suggests 1ocat1on with reference to the raw matet';al source, in fﬁps
case cane f1e1ds‘ The termmal and port are already 1ocated in Br1dqetown,
the primate -city with all its asspmated problems of traufﬁo flow and con-

¢ - “ ¥ ’ v ' . ) *
gestion without numerous cane transpott vehicles adding to the difficulties.,

. When put against the background of‘ noise and smoke which is 'typiceﬂ of a’

sugar factory, then the omission hlas'justification. This is not to say that

market attractions are not important in location deci'sions but in this case
. p

they seem worthy of subordi'nation to other factors. This faﬂure to take

1nto cons1derat1on in any derious way other factors part1cu1ar1v the dynam1c
and unpred1ctab1e is evident in the allocation decisions. One of these
omissions is the impact of . incendiary fires. In recent years thére has’ been,
a sbate’ of unauthoriZéd'fires which invariably burn much larger acreages
than can be easﬂy f1tted jnto the normal qrinding schedu]e of the factor1es

As a matter of fact each producing umt is given a week]y quota to send to

N

“the factory to keep operations run’m‘nq smoothly and as near to full capacity

as possible, When there is a 1ar§e burnt acreage which is not 1n the schedule,

then it creates operational stresses., In some cases in order to process
this cane before it is‘lost entirély, factories to which it was not allocated

in the first irstance might be asked to help p'rocesé 1’t /Besides that,

the model assumes that all the factories wor'k at qu cgpamhes for the

entire .seas.on.. Any breakdown in machinery therefore can affect the who]e
_system'sfnce it is based on ou‘tput and capacities over a aiven period. N The
1atter twc; situations are' not really criticisms of the mode1's1’nce these - -

occurrences are 1rrequ1ar and unpred1ctab]e, and cannot therefore be pro--

_grammed into the prob]em, part1cu1ar1v when aHocatwns are planned before

B AN
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the crop actuaHy begins. It is reaHy more a recoqn1t1 n Jof the fact th‘at
‘ L]
the full reality is so much ‘mare. dynamic and comp1ex "than mode]s wh1ch ab-

liStract reality down to the important e]emen%s only. "Strict descmptwe
faithfulness is an unreasonable demand to make of any conceptua'l1zat1on "1
’ F1na11y in terms of the methodology 1tse1f the 1ocat1on a]]ocatmn .
,.‘modell'(ALTERN) is a heur1st1c a1g.or1thm. Thas means that the so]utwns found
af_é not necessarily sthe op'ti'maTones. Heuristics may conta1n two sets of
_ . . S

: ansWers "a series'ofb optima, and a 'q1oba1 optimum. The global so1ut1on 15

the true optimum, while the Tocal solution is optimal on]y for a- part1cu1 ar

84

emn

.'..'.subset of possible so]utwns. Thé problem’is to ensure that the qlobal answer

o

is found. ‘,L- Ostresh states--the problem tn1s way :

" The problem is not one of getting the _,a1qor1'thm to-cgnverge..
it usuda1ly does this with very few-alternations...but of gettmq 2
1 1t to converge optlmaﬂy, for many a]]ocatwns exh1b1t stab111ty

There 1s one method of testing to see if the solution pobtained is. the

l

global optimum, and tlns is to run the program several t1mes and chleck the

A

result, In th1s case there were three runs of the program, each execution

being done with “a different initial allocation. In all cases the result’

_converged around the same locations and allocations with on'ly a .12% ton mﬂes '
p §

 difference l;etween the. best and worst sol'utions.‘ Mhﬁe_ there is no absolute
Querantee‘, there seerns to b-'e Togical :qrjounds for.ass_uminq"that'the ‘solution
. found-was in fact the global.optimif for this'particu]a}‘_-problem. , However
these are aﬂ. methodé]ogiceﬂ drawbadks which could not be ;easﬁy-overcome 'and
}cou]d b& expected,.in that the formu]atw,n requwed a honing of ‘the- prob]em to

~

the e_ssent1a1 e1ements the better to ana]yse them. There is only one demand

wiTich can be made .6n a;?(ceptuaﬁzati‘on.

1Dorfman‘,-_e_i:_. al., ep. cit., 9.
’ '

2,Ostr'esh,gp_. cit., 56. . - e .-'5“‘
NN
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What we have a ‘right to ask of a'conceotua1 model is that
it seize on the strateqic re]at1onsh1ps that control the )

A phenomenon it describes and that it thereby, pernit us to .

.- manipulate, i.e. thmk about’ the situation. L 2

. This, the model has done adequatelv, anLﬁor this reason it seems in /‘}

sp1 te of some drawbacks assoc1ated with aH mode] usaqes, that 1t“was;one of
A [}

.the most suitable if not in fact the most appropr1ate tool for this type of

. . - LY
ana'lys1s ' . "

o .

With the.data co]]ectwn procedures there are two e]ements wh1ch are

rd - °

worthy of note, one is an assumptwn and the other.an om1ss1on. The costs
which were used were ca'lcu]ated be W. Campbeﬂ who found an averaqe cost for

all t:raan;port of cane for the entire island. How9ver, he showed that f1na'l

‘costs.were dependent ‘on such. factors as d1stance " turn around tim&—at the '
¢

factory yards, loading and un1oad1nq rates, travelling speeds- and?the m/mber

_of tr1ps per day. His fgna] cost assumes that all transport operatwns 1are

‘Working at similag levels of .eff1c1ency, wh1ch-seems fa1£1y un].1ke1y. It 1s .

S possibhs_c\that some estates operate'-above or{‘be1ow the average. -.However“tms.

»

) - . N .
- was the best measure of cost avaﬂable. The ideal was of course to ca]cu]ate w

"< "the cost of eacb - nd1v1dua},;£arm and work from that basis since mos?t transport”

~_is done with the plantation veh1c1es, ‘nd not by prwate fre1qhters Th15 1s
- v ’
not therefore ‘a pure transport cost: smcesdepre}wtmn and mamtenance which

"also help to determme hau]aqe costs p;r ton are in fact spread oVer other

farm operatmns for which the same transport umts are‘*used BRI

In the research des1gn it "Was hoped to be ab]e to use a combmation .

-

" of both transportatwn and’ productwn costs._ Th1s 1s qu1te feas1b]e s;nce .
{ . -
, Maxf'le]d2 has shown that costs other than tnansportatwn which have

K ¢

v

N .
' )
. . . N

L] . ’
A

.1 . ' T -I * - - . . A v
Dorfman, et. al., ap, cit., 9. , . :

T o J
. 2Maxﬁeld D., "An Interpretation of the: Primd1 and the Dual Solutjon’
.. of L1near Proqrammng, Professional Geograjher 21, No. 4 255 263, -
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. - place to place variationsucan'be-put into the design and evaluated in simitar-
.fashibn, This would haVefgivenafor each farm'a—much more'brecise measure"
o . of naréinality and advantaqe at both production and transportation 1e;e1s..
.~ It could a]so have' shown if some areas have good locational advantage 1n the
’ﬁﬁ"' . transport cost sense. paqbly balanced by poorﬁbertormance in product1on.and°’
: the prec1se measure of the 1mpact of one on the other. Th1s was 1mposs1b1e

. . 1
to do.s1nce the only product1on cost q1ven is a very qenera11zed average for

the ent1re 1s]and in which area var1at1ons cou]danot be d1scerned des was he
also d]ff1cu1t to attain s1nce on the farm' s baTance sheets transpo;;at1on l
i ) costs are 11sted as a part of the total product1on cqsts and not a.separate .fi )
. . ent1ty in itself. Other forms of data w1th spatial 1mp11cat1on were howeve; _ i'

used and these! aﬁso allowed an accurate measure of marg1na11ty and jrents,

This was the use of the data on Ecological Gr up for the island's estateés,

'.'Which could still"be combined with transportafion adv ntaqes into a composite
map,to show the core areas-and marqﬁna1°zonés for t island'sfsuqar industry.

f Th1s of course 1nvo1ved a-greater measure of subdective reason1ng but d1d not S

mater1a11y 1mpa1r the effect1veness of the study in this respect at a11

since the identificaﬁaon of groups was based on all the”magor fac ors-wh1ch
\ ) . e ’ .
cause differences in productjon costs and yields. Bes1des thengroup were

» L

v ; © 50 structured as to gjve a qu1te accurate c]ose1y bounded measure of d1ffer-

<

ence between the various ec010q1ca1 boundar1es <o e

'y
“r1

S ~////‘.~ B. Location Allocation - ffic}enceSvAnd Structural Change e e
I .
- —* \ .

IR Th1s study has 1ookeo at tbe sugar 1ndustqy with reference to certa1n .y(
- “w 7

haspects of reorqan1zat1on which seem ‘to offer potent1a1 benef1ts throuqh‘1n— A
' ) ro ¢
Y creased effrc1ency and”sav1ngs It attempted to- answer spec1f1c quest1ons

re?bt1nq to techn1ca1 aspects of" reonnan1zat1on in the 1ndustrv, and explore ‘_
resu]tant 1mp11cat1ons through methodo]ogyywh1ch proved . capab1e of answer1ng

.
: S e s SIS
< * . -'. : I l e - toe ' .- ' -u'“‘ ’
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. s
the question. There are, however other types of questlons wh1ch must be

. answeréd, but these are not in.a str1ct sense a part.of the reorgan1zat1on

i

- process. dea]t w1th wh11e th1s study cannot- dea1 w1th them fu11y since they

ﬂdeserve a fu11 treatment eldewhere, yet they must at 1east be mént1oned and

.recogn1zed This is because they are in many ways more fundamenta1 to the .

g

';whole idea of reorgan1zat1on ‘than management eff1c1enc1es, and so he]p to L

put this work 1nto a total perspect1ve Thére are three 1eve1s at wh1ch this -

work, could have been viewed. There is the 1nternat1ona1 1eve1 of the wor]d

. sugar,demand and supply”situation, a local 1eve1'wh1ch embraces the island p

Zthe.cost of producing a ton of sugar from beet actually fell by about 15%.

[

as an-economic unit and views the sugar fndustry against,tota]-develop@gnt.

. . (( P -
Final1y,there'isfthe highly localized microcosmic scale-of the industry_

s

" itself. Though they can all be viewed separately, yet they are differing

fatés of -one wholee.; ‘ o Lt

2

" At the vnternat1ona1 level there are many related prob]ems, the

maJor one be1ng compet1t1on among supp11ers for certa1n markets This )

operates through=compet1t1on w1th European beet producers - Given that

Barbados ma1n market is ?r1ta1n 1oca1 supp11es of sugar suffer from h1gher

d

,transport costs, due to mUCh longer distanceés, the fact that' the sugar beet

1ndustry is h1gh1y subs1d1sed, and has . a h1gher recovery rat1o of sugar from

beet, as compared w1th cane. In fact from the point of v1ew of costs and

prof1tab111ty it haszeen est1mated that between 1954 and 1964 the cost of

producing a ton of sugar from cane had risen by 50%, while at the same time
, . .

. "This poor ‘competitive position is becoming gradually aggravated by changing '

_demand. patterns. Traditionally a.significant qukmtity of West Indian sugar«

“was redistributed through Britain to her African colonies, but nowewith -~

[

’

~ ]Sturrock F.G., . Sugar Beet or Sugar Cane? Journal of Agr1cu1tura1
Econom1cs Vol. 20 ]969 125-31.

>
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African-production,gaining momentum there could be a lessening of demand for

West Indian sugar.’ The yhoTe.situation is now being compounded,b& the entry

L3

of Britain into the European Economic Community:' At present all westOIndian

» ‘s

sugar sales to Br1ta1n are made through - ‘the Commonwea1th Sugar Agreements‘
J’

“Act, a quota system w1th negotiated pr1ces wh1ch.w111 end in- 1974 At the

end of th1s per1od barga1n1ng will obv1ously be much harder w1th the

\p0551b111ty of a reduct1on of purchases from the West Ind1es due to Br1ta1n
economic comn1tments to: Europe.
At the local 1eve1 the range"of problems have been 1arge1y dea]t w1t
ear11er (see Chapter 7). Bes1des the specific prob]ems of cdgis pr1ces,

arson, labour shortages and=poor agronom1c techn1ques in some tases, there

-

is a maJor~genera1 prob]emqwh1ch embraces all the others. Sugar is still

_vital to the 1s]and s economy, and so reorgan1zat1on and the fluture of the

[}

indystry must be a]ways viewed agalnst the background of 1ts Cruc1a1 role i

.

‘:\ in continued ecbnomic growth. It'is therefore 1mperat1ve that a]b necessary

steps dare gaken to revitalize this key sector if it is to continue its role

A )

as a leading industrial sector in the total economy. This immediately

" means that any problems within the industry itself have to b viewed within

S
<

" the, broader framework of the'island's total economy.

Even if and when the profitability of the industry has,'been ;‘
. R - . ) :
reestablished ,on a-solid basis, there wi]] still be an important social *
' T v
prob1em to -he solved. This is the pfbb]em of ownersh1p and control of/the

1ndustry, At.present theré is a very skewed d1str1but1on of land ownersh1p

, on’ the island with four fifths of the cultivated Tand béing owned and

- .

operated by approx}mate]y two huridred and forty estate,owners. 'The.rest is

' cultivated by,over 18,000 peasants, many of them tilling as\}jtt1e as one
0 - e S A .
quarter. acre of cane. While it is true that fragmentation into uneconomic

s1zed units’ makes no sense, red1str1but1on can take p1ace through 1arger

’ - v’

-
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and tempora] structures and which. take inta account the dynamics of

.cooperative blocks and or government farms and even “through the workers'

o union. '?his wou]d give many more peop]e particularLy the wbrkers, a stake

in the industry they make possible) and he]p to counteracg'the alienation
from the land which 1s current]y eVident Itnm}ght a]so heip to arrest
the continuing flight of Tand from agricu]tural usage an estimated six

thousand acres haying alieady reverted to non farm uses in the last five

.c

years.] What the industry.needsiit-seems, is a massive reorganization,

including a look'at alt poSsibiiities and a]ternatives in the locational
I3 ]

' current Yocal and’ 1nternationa1 trends affecting it .

This work has looked at reorganization at the 1ndustry level

&
essentialiy, and therefore presents a se1ect1¥e spat1a1 v1ewp01nt studied

.. at a macro\Ecale Spatia1 reorganization will certainly not cure all the

v

evils of the present.system, Eut it is still an importdnt factor in economic

rationa]izetion .The success of any entérprise obv10us]y depends heav11y

on the economics of operation at any given timq Therefore, periodic B
appraisa1s are vital in all its aspectstincluding the 1ocationa1. By so
doing one can judge whether the society is'persistjng,ﬁith sub optimal

structures which are largely.a product of ipertia,‘and so do not serve

4

current needs as effectively as they should. This study has looked at

patterns of~fiow,"and locations for the sugar industry and suggested

* directions in which future decisions can be taken. In some instances,

yparticulariy with the issue of centralization, use’ was made of earlier work‘

which might ftself be questioned by some ‘other authorities on the matter

Nhat is rea]]y important 1s the approach to the so]ution of he prob]ems

Through spatial allocation analysis one can view the distribution of economic’

t flowsg, gver geographical'space and,the patterns of trade eVen at the local = -

.( I

,
> ¢

.
'

1 ! Barbados Sugar Industry Revien; Dec. 1973, 2.
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: “GLOSSARY -

s . . '". )
Baqasse -a flbrous material left:after the 1u1ce is. extracted ‘from cane3f
p1ths by crushinq When mixed with ddditives it is used. for

- animal feeds.- 'It is also used as a fue1 to. fire the boi]ers
of many factor1es :

.«
~ .

Boiling House - old name for bu11d1nqs on the ear]y p1antations in which
the manufacture of suqar from cane was carried out

Catt1e Mills - some of the earliest mach1nery used. to crush cane as ‘an .
initial preparation to 'th makinq of sugar, The machinery. was .
powered usua]]y by.bullotks. ‘A :

Centrals - name given to large. modern sugar factories with 1arqe 65pac1t1es
' and high output Tlevels.,

r

) Qentr1fuqe - a machine which produces centr1fuqa1 force necessary for- par—

“ticular operations. 1In the sugar industry in particular, it
. s used for ‘separating fluids in the manufactur1nq process.

iCho1ce Molasses - also called treac1e and . 1s a by produc? of the- manufacture

of muscovada sugar. N
Compact1on -a term used to describe the process by which heavy’ mach1nery
binds the soil into a hard mass ,more’ difficult for p]ants to
" survive in. ' Ingthe case of Barbados this is ma1n1v a resu]t
of the sw1tch to. mechan1ca1 harvesting, o \u .

. Compith - the major component from a new metﬂ§§¥of sugar cane m1111nq ’

called the separation process. It ains 70-80% of.cane

stalks and 93% su¢rose. The sugar is extracted in the. separator

and made into sugar and.fancy molasses. The compith is ‘then
A “broken down.into its smaller elements, pith cells and: fibro

T _vascular bundles. The fibres are then used for making sbft -

board, hard board, pulp and paper, dnd the pith cells are used
as a base for. an1ma1 feeds and explosives or as 8 base material
“for the chemical. 1ndustry

Comrind - the second maaor component from the separation process. - After-
: *  the removal.of the soluble particles by hot water the base
material can be processed 1ntp 1am1nated t1mber, core panels
and plywood veneers.,

."

-~
+ Ch

Fancy Molasses - this type of mo]asses was first made in ‘Barbados in .1905.
It is manufactured'by convertipg cane juice directly into syrup.
It is a-speciality of Barbados and-an old well established trade -
-in fancy molasses exists between the 1s]and and both.Canada and
the United’ States - . 3 :

91 .

°



Furrows - small trenches made by p]oughs wh1ch are then planted with cane.
This method has now replaced the traditional caneholes used .
before, in order to, fac11itate mechan1ca1 p]ant1ng and’ harvest1ng

Mu]ch1ng - the use~of a leaf cover or a comb1nat1on of manure and Teaves to
protect newly planted rodts from dryness and heat or cold by con-
" trolling the rate of.evaporation. This: pract1ce,oncg widespread
on, Barbados Sugar estates is declining in usage partijcularly due
to fires wh1ch removes *the "trash" cover w1th which the mulch1ng
is done. . v Lo

P1antat1on - a 1arqe sca]e product1on operatﬁon often around three hundred

acres concerned essentially with cash craps - for the overseas mar-
ket. -In.Barbados a plantation or estate is def1ned as a farm
unit* of more than ten acres of land.

Peasant Farm - a sma11 sca1e unit usua]]y produc1nq a wider range of aqri-

o cultural groducts than the plantation. It is defined.in Barbados
o . as being léss than ten acres of land. Most Barbadian peasant
NS farms are .however qeared to.the production of sugar cane

Ratoon and Plant Canes - for the start of a sugar cane growth cyc1e cane
' cdtt1nqs of des1red varjiety. are planted to produce the first.
crops after a growing period of fourteen months. - These first

crop canes are called plant canes. At the first harvest. the .

. canes are cut to the roots and allowed to spring’ again, tg produce’
suceeding crops. These second crops are called ratdon crops and
typically ratooning is economnca]]y feas1b1e ‘for four years. At

- the end of each five year cycle the old redts are dug up to make
way for new p]ant cane crops. .

Steam P]ants - sma11 sugar factor1es wh1ch were powered by steam enerqy

P

Trash - name g1ven to the 1eayes (usua]]y dry) of sugar’ cane p]ants

Yeoman farmers - early 1ndependent fwhite) farmers who tilled the’ so11 before
the advent of sugar cane and the plantation- system They arew .,
cotton, tobﬁcco and 1nd1go before 1640, -
- _ §
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. ~Campbe1] w Cost Ana] sis of Cane Trandport Systems, Un1vers1ty of The
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