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ABSTRACT

The rubber industry in Sri Lahka plays a vital role as the éeqqnd>major foreign‘
exchange earner. Théigovernment is greétly qucerhed'with tbe neéd to‘raisé rubbef
prodpctipn.lsince there is little 1énd évailable‘to.expand prﬁduétion Yieid'ffom.
existing areas could be raised by réplahtiﬁg with High yiélding ;lones,and 5y uSing
more inputs. The present official replénting»scheﬁe operates with an impliéd
optimum térget 6f‘a 33 yeérs replacement‘cycle. But in practice tﬁe fubber'farmers
Qperaté a number of replacement cyclés. |

This ‘study "attempts to analyse the st;étegies' underlying the different
replanting cycle and theit implicatibns‘for future aﬁea aﬁd productiocn. Among
those strategies five have been selected for»investigation. Thé‘data'collected by
the Rubber Indﬁstry MAster Plan‘Stddy'OE Ssri Lanka on age—speéific érea provides.
the basis for the study. Further; data collectedbbn physical,conditipnsAof the
rubbeg plantation and the farmers expressed inﬁention fq replant provide a better
understanding of real situatiqn;, |

By using the simulation approach.it'has been possible to forecast the étea‘
figures under  five stratégies investigated. In order '£o estimate 'proddction
figures from the estimated rubber'mature area some yield curves have Eeen used. The
accuracy of‘the'area, production estimation, yield curves, and»thé model are tested
by the vaiidation érocedufe, Asba result there is confirmation that the strategy -
‘based on farmers' intention to replant is closer to reality than the other
alfe;natives

On the basis of the rgsults,,certain conclusions are dréwn which would be useful
in planning and policy formulation in‘the rubber industry. Thé'diréction in which-

further studies should be made is also indicated.
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CHAPTER 1

- INTRODUCTION

Sri Lanka has a éopulation'of aboﬁt 14.2 million, inctéasing at 1.7 per cent
annually (Central Bank of Ceylon, ;978)} The gross natiohal product in 1978 at
‘  current factor coStApgices has been estimated a£ Rs.40,098‘miliion, reflecting a
per capita incomé_of'Rs.2827 (U.S. dollars 182). The economy grew by 8f2 per éentl
in 1978 and this was mére £han twice the annual gréwth duringAthe previous decade.
The share of agriéulture in gross natioﬁal product was 26.2 per cent in 1978.
Agficultural gxporté,'mainly of perennial crops, providg.more than seventy.per'ceht
of total export earnings, while the annuai crops are mostly consumed locally. Teav
‘is the largest foreign exchangé earnef, followed by-rubbef and.cocoﬁut. The gross

earnings from industrial exports, comprising mainly garments, ceramics, graphite

1
GNP at constant (1970) factor cost prices.



Table 1.1

Composition of Exports 1974—78

Commodit o . Value in Rupees (Million)
Lommodity ' :

1974- 1975 1976 1977 1978

1. Tea : 1360 1392 2100 3503 6401

2. Rubber - 738 654 890 - 931 2021
3. Coconut 397 . 397 382 335 972
4. Minor Agricultural Crops* 267 .202. . 279 452 902
5. Industrial exports¥* . 492 498 - 761 919 1891
6. Gems 109 180 261 298 531
7. Other Exports : ~-109 70 - 142 200 488

| TOTAL EXPORTS . 3492 3933 4815 6638 13206

Commodity ' _ Percentage of Total Exports

1974 - 1975 1976 1977 1978

1. Tea ' 38.4 35.4°  43.6  52.8 48.5

2. Rubber - ' 21l.1 16.6 18.5 14,0 15.3

3. Coconut ‘ 11.4 10.1 7.9 ‘5.1 7.4

- 4. Minor Agricultural Crops* 7.6 5.1 6.0 6.8 6.8
5. Industrial Exports* ’ ©14.1 12.7 15.8 13.8 14.3

6. Gems ' : : 3.1 4.6 - 5.4 4.5 - 4.0
7. Other exports 3.1 1.8 2.9 3.0 3.7

TOTAL EXPORTS '100.0 100.0 100.0 100.0 100.0

* ‘selected items

Source: Central'Bank of Céylon, 1978,xTable 11.3, Page 242.

i'gnd glycerine, together contribute less than the earnings from rubber;- The
devélopﬁént programmes have been financed méinly from export crop earnings.

in the Sri Lankan economy'the rubber industry plays a vital-roie‘as Ehe second
major foreign.exchange earner, accounting for about 15 per cent of foreign exchange
earnings;‘lts importapce is_sﬁown in Table 1.1 (above).

. Approximately 200,000 workers, 5 per cent of Sfi Lanka's total'labbr‘force, are



directly employed in the rubber industry. The well-being of these workers and
their families, as well as a further 150,000 families of smallholders who own plots
of rubber of less than ten acres (4.05 hectares), is direct1y7linked with the

development of the rubber industry.

1.1 Area under Rubber

rRubberyis’gréwn in Sri Lanka in wet zoné lénd of low énd medium'elevation,mainly:
in the districts of_Kalutaré, Kegalle, Ratnapura, Colombo aﬁdeaile. The area pnder
rubber at-present‘registered.with the Rubber Contfoller under the Rubber Confroi
Act? is 263,000 hectares.

HoWEveriﬁhe totalbrubber area in nine main fubbEr growiné disﬁricﬁs as estiﬁéhed
by.the aefial photographic>analysis of thevRubber Induétry Master.Plan>Study
(1979i3’is,210465 héctares + 4 per cent; This.figure is well below that previously
ﬁentioned under the Rubber Control Act but it is close ﬁo the estimat;ons‘pro§ided ,
by the Agricultural Census (1972/73)'aﬁd»Agriéultural Productivity Committee
Sdrvey'(1973),with figutes of 205,800 Ha. and 296800 Ha. fespectively. The total
rubber area, estlmated from photographic analy51s by the Rubber Industry Master

Plan Study, is broken down by districts and given in Table 1l.2.

The Rubber Control Department of Sri Lanka administers the Rubber Control Act,

No.1ll of 1956, and the Rubber Replanting Subsidy Act, No.36 of 1953. Under the
Rubber Control Act, the Department is responsible for the collection of
statistics of acreage, production, consumption and exports of rubber; for the
issue of permits for the planting of new areas in rubber and the replanting of
worn-out rubber  areas; for the issue of licences to rubber dealers; and for the
performance of any other duties in furtherance of the interests.of the rubber"
industry. The administrative report of the Rubber Controller deals with the

activities of the Department under the Rubber Control Act and the operation of
the Rubber Replanting Subsidy Scheme, under the Rubber Replanting .Subsidy Act.

The government of Sri Lanka with the assistance of the U.K. government has set up.
a Master Plan for future development of the rubber 1ndustry. The recommendatlons
of the study were submitted by September 1979.



Table 1.2

Totél Rubber Area

DISTRICTS ESTIMATED RUBBER AREA (Ha) = PERCENTAGE OF TOTAL

Kalutara 42,400 - 20.3 '
Kegalle 61,400 , 29.4
‘Ratnapura 38,100 » ' 18.3
Colombo: . 31,400 : -15.0
Galle 15,700 : 7.5
Matara - 7,600 3.6
.Kurnegate 5,900 - ' 2.8
Matale .. 2,800 o 1.3
Kandy : 3,400 : o N 1.6
TOTAL - 208,700 - ' ©100.0

Source: Report 6h the Rubber Industry Méster Pién Study - Volume.v. :
Economic Studies - September 1979 - Pager(ii) of tbe Summary._

The'area under rubbef is classified by the Rubber Controller into’small holdings‘
below 10 acres (4.05 Ha.), medium holdings of 10 to 100 acres (40.5 ﬁa.) and large
estates of over 100 acres. However the Land Reform Laws of 1972 and 1975 vested over
71630 Ha. 'in the Lénd‘RefornICommission, limiting private individuals to a maximum
of 50 acres (20.25 Ha.). As a result of this, about 75 per cent of the tqtal land is
ih érivate hbidings below 20.25 Ha., -of which 95 per cent,‘represénting 30 per cent
of the area, are below 4.05 Ha. while the majority are below 0.81 Ha. (2 aCresi.:‘

It has been estimated that significantly large areaé of marginal land have beén»
withdrawn from rubbef produqtion during the past two décades. Dﬁe to the high
prices of rubber in the immeﬂiate post war period,Aéome of the rubber plantations
were exploited very intensivelyf On the other hand, ruﬁber areas were abandoned in
the foilowing period of loﬁer priées. Herath (1975) »has commented that 'thé
performance_of the rubber industry in the recent past hés‘beéhﬂunsatisfgctory,
mainly caused by a fall in prices.'Further he emphasized that-the;re5ponse of
rubber producers to the.high prices during the Ko:éan'War éeriod and alsp'the 
- price-output relationship for 1971, 1972 and 1973 indicate that thefe is a positive
respornse. 'The Draft Report of the Smallholder Rubber Replanting Projeét of Sri |

- -Lanka (FAO-World Bank 1979) has identified some reasons for the withdrawal of land



from rubber préductidn; the uncertainty surrouﬁding land reform, thg'general
disincentive effects on'producers'of high‘levels of export duties and cesses4 and
the inadequacies of government sﬁpportingb instituﬁions -are all .significént
constraints.’

Additionally plantation areas hé#e been'abandbned because of high elevatioﬁ;
steepness, inadequate rainfall, water logging;'éroé diyersification and'u;ban

development.

1.2- Rubber Production and Processing

The total rubber prddUCtion of Sri Lanka rose from’abéut 97,000 tbﬁs of :ubber'in
the‘mid 195b's to pvér 140,000 tons in 1967,'rep;esenting an iﬁéreaée inrtﬁeishare o
- of world naturai rubber‘(NR) production fiom 5.0 per cent to 5.6 per Cent. In the>
pgriod 1972-1974 production had increased only marginally to 142,400 tons which was )

only 4.3 per cént‘of world NR prqduction; Since then’productibn‘in Sri’Lanka has
‘stagnated, while that of other coﬁpetitors has continued to rise. As‘a result the
1978 Sri Lanka 6utput of 156,000 tons was barely 4:per_cent.of worldAproduction. As
there is 6nly little land available for new plahting, any further,‘riseé in
production ﬁust come mainly through increasihgrthé yield from existing areas;'this>
could be achieved by replanting the over-age rubber areés with high yielding clones
and by usinj'increased amoﬁﬁts of fertilizer and éther inputs (FAO—Wotld‘Bénk,
1979). o
In Sri Lanka raﬁ rubber is processed into Ribbed Smoked Sheet (RSS), latex

crepe, sole crepe, sérap crepe, ¢§ncentrated latex and technically specified
rubber. It is esfiﬁated that the 95 per cgnt of RSS comes from_small holdings below

4.05 Ha. Both the latex crepe and sole crepe are processed by large estates, now

4 ‘

The total, some 50 per cent of f.o.b. value, is diverted to government as export

~duty and cesses. Corresponding figures for other rubber producing countries
range from 27 per cent for Malaysia to 13 per centAfor Indonesia.



almost exclusively in the hands of the State. 'Crepe' is special pUrpose tubber

which commands a.higher‘price premium over the Ribbed Sﬁokéd Sheets. Sri Lanka's
iatex crepe is universally considered‘as a high quality rubber, héving'cbnsistently
obtained a preﬁium over similar typeé of.rubber produced in éther couﬁtrieé (Rubber

Controller, 1974).

1.3 Rubber Replanting'and Government Replanting Policies

ﬁeplanéing_of rubber is a major investment of the indﬁstry'especiaily for
smallholders. In addition to the finance required for this investment, theré is
also- loss of’ingéme du;ing theAimmature period: of ﬁhe newvcygle;f Althéugh"
intercropping can bring additional income auring this pe}iod, it‘is not.practiéed
on any great scale. fhis perﬁaps is largely due to }ack of capital for initiai
'inveétment in intercrops, ¢Oup1ed with factofs such és uﬁéertaiﬁty of markets,
prices of tbe broduce and'prevention of theft. Tﬁete bas also not been any active
encouragement 6f intercropping and ‘demonsﬁratidns havé not been"widespread.bb
Replantiné paymehts do pr@vidé’fbr'the supply of mosﬁlinputs, but they do'nbtﬂcovei
the:totél cost’of the immature period and foregone ihéome. The subsidy séheme.which
' providés the replanting payments was started in 1953. This ﬁas;in£rodueed ﬁithra
view to accelerating the replanting of Sri Lanka's worn out rubbef aiea. At the
- beginning the scheme was financed by the cess‘collected on exports of sheet~tﬁbber.
Subsequenfly, the cess hés been ;evied from other types of rubber asiwell (erepe‘
rubber, scrap rubber, etc.)‘and credited to the 'subsidy fund' for its operatidn.
Since 1967, 'in térms‘of the Rgbber Replanting Subsidy (Amendment)bAct N6.3, the
Treasury of Sri Lanka mages-contfibuti;ns from the ébnsolidated‘fuﬁd to' the Rubber

Replanting Subsidy Fund.



In order to qualify for assistanceiforvfeplanting under the abovévécheme, the
instructions on uprooting and clearing of old trees, soil conservation, fencing,
budded stumps, weediﬂg, cover érop, manuring, etc. must be observgd.v If these
requirements are in order, the replanting subsidie; are released in sQVen
instalments over the five year period after planting.

The subsidy paid ﬁo'farﬁers for geplanting from ﬁhe inception of the scheme is

given in Table 1.3.

Table 1.3

Grant Paid under Rubber Subsidy Scheme (rupees/acre)

.

Since the Year Smallholdings Medium Holdings. Estates

1953 1000 - 900 ' 700

1963 1200 , 1100 1000
1967 1500 , 1500 © 1400
1975 2000 ’ 2000 ’ 2000
11977 3000 3000 - 2000
1979 4000 4000 4000

Source: Department of Rubber Control, Sri Lanka.

As.a resplt of the success bf the ;eplanting;Subsidy progfamme, duriqg the first
five years the‘target of 75,000 acres (30350 Ha.) was e&ceeded»ahd about‘93,97é
acres (38030 Ha.),were»planted {(Rubber Controller, 1974; p.85). Avsimilar trena in
repianting was‘aqhiéved in the second five year period agd a further 93,702 acres
(37,920 Ha’) wére plahted. However since 1963, the rate of replanﬁing has fallen to
extremely unsatisfactory levels, in spite of an increase in thé subsidy rate. Atv
' presént it is well below the target of 6070 Ha.. a year.vTable 1;4 gives details of
progreés under. the scheme since its inauguration in 1953.

The rubber replanting subéidy scheme is operated with the aim of achieQing a
replanting cyéle of 33 years. This brings about 3 per cent of the totai area under-

rubber into replanting annually. In recent years this target has not been achieved

even with the inducement of a rise in the subsidy. On the assumption that each age



Year

1945
1946
1947
1948
'1949
1950
1951
1952
1953
1954
1955
1956
1956
1958
1959
11960
1961
1962
1963
. 1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

Source:

Total Area

267126
267025
266794
266538
265226
265273
265385
265943
266165
266886
267605

1266902

267500
269184
270517
270829
271591
229684
229952
230123
230384
1230540
230413
230448
230228
230178
229953
229655
£ 228673
228100
227730
227074
226660
226400

Department of Rubber

Table 1.4

Area Replanted 1945-1978(Ha.)

- Total

38

666

857
592

890
- 1565

1387
1700
2348
7472

. 8464

9953
9809
8355
7503
7244
7565
7269
6442
5487
5061
4689
4083
5155
4892
4145
3431
3539

2946 -

2865
3230
2550
2617
3225

Replanted Area
M.H Est.

S.H

na
na
na
na
na
na
na
 na
188
1588
2270
2740
2757
2650
3150
2911

3106

2831

2489

1985
1956
1960
1337
1734
1665
1430
- 1207
- 951

930

986
1128
1132
1196
1415

na

na’

na
" na
na
na
na

"~ na
400
2075
2484
2839

3029

2357
1848
1837
1674
1413
1090
1559

1284

863
858
953
707
691

553

448
374

©338.

520
317
© 313
320

Central Bank of Ceylon, 1978.

na

‘na

na

na
‘na

na

na
" na
1780
3809
3710
4374
4024
3348
2504
2495
2807
3004
2863
1942

1821
1866 -
1888

2470
2520
2023
1672

2139
1641
1540

1582
1102
1107
1490

Control, Sri Lanka.

New Planted
- Area

1104
613
183
119
232
272
570
553 -
348
619

502
174

1130
935
813
786
572
277
268
171
260
157
55
237
126
112
238
180
186

34 .
142
56
45
378

. Replanted Area
as a Percentage
of Total Area

0.02 |
0.25

1 0.33
0.23
0.34
0.59
0.53

- 0.64
0.89
2.80
3.17
3.73
3.67
3.11
2.78
2.68
2.79
3.17
2.81
2.39
2.20
2.04
1.78

2,24
2.13:
1.80
1.50
1.55
1.29
'1.26
1.42
1.12
1.15
1.42



Table 1.5

Over Age Rubber ('000 hectares)

' Holding Size

smallholders . Medium Size Large Estates Total
Rubber Area : 69.2(31) 52.6(23) 104.5(46) 226.3(100)
Replanted since 1953 45.7(66) 30.8(58) 60.7(58) - 137.2(61)

Overdue for Replanting 25.3(34)' . 21.9(42) -43.7(42) - 89.1(39)

Source. Department of Rubber Controller - Sri Lanka, 1977..
Percentage values are given in parenthesis.

~of tree has a‘3'per'cent representation in the total rubberlarea, then the 0 to‘7
immature age group shouldirepresent 24 per cent of the'total replanted rubber area;-
However the actual figure.is very much'lower,AabOut 10 per cent‘among each siée
group. This suggests an ageing national rubber plantation. In fact the remaining
life of rubber trees calculated by the Rubber Industry Master Plan Study of Sri
Lanka, ‘shows that 44 per cent of trees have between 0 and 9 years' life remaxnlngi
(Rubber Industry Master Plan Study, 1979; p.7). The reglsters of the Rubber
Controller show that there are about 89070 Ha. '(220,000 acres)vof overage rubber,
representing aboutA40'per cent of theAcrop‘area, whiéh haue to be replantedbin»the,
) near future as summarized in Table 1.5 (above). The historical«reasons for the g
’accunulation'of this 'backlog' is discussed in detail in Chapters.Z andA3.~v
In order to remedy this situation the governmentAof Sri Lanka, in collaboration
with the FAO/World Bank'>cooperative programme, Studied. thev feasibility of
implementing a smallholder rubber replanting project (FAO-World Bank, l979);- For
the first phase of the project the development ofhsupporting institutions would.be
' the‘most important lnitial objective. This would prepare'the way-for a rapid
subsequent acceleration of replanting. Project replanting'targets are-modest tOr
‘the first two years, but rise sharply thereafter. The first phase of the project is
to be limited to two revenue districts (Kalutara‘and‘Ratnapura), due to the
infrastructural facilities. These two districts contain 40 per cent of the total
rubber ‘area of Sri Lanka and an estimated 24290 Ha;of smallholdings which are
already over age. With the necessary inducement and institutional -support a

replanting target of 9720 Ha.is considered possible over a period of five years.
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The project ‘also plans for .intercropping, especially during the period  of
immaturity, wherever it isvsuitabie. Based on the present replanting rate of this
area of some 570 Ha. per annum 5 this project would achieve‘a net gain of 6880 Ha.
It is estimated that the project would benefit an estimated‘12000 smallholders,
many of them with income below the pdverty line ovas 3600/~ per annum. It also has
the advantage of creating employment for about 2800 persons in farms and 120 in
supporting services. The estlmated economic rate of return is 22 per cent. It has
been decided to implement this project in-theAbeginning of 1981.
| The declining rate of repianting has been facilitated by‘severai'factorsvsuch as o
fluctuation_of prices, uncertainty of_land reforms, and the effects on producers of
bigb level of export duties.and taxes. It is to be noted'that the rubberjplantations
were very intensively exploited during the period ‘of‘ bigh prices, which is
explained rin’ detail :hm-Cbapter Three. - But this_ihad adverse effects oﬁ the
production cycle in subsequent years. As a resuit of these‘factors, there arernow a
number of replanting cycles operating, although the standard cycle is 33 years.

‘ Therefore the future of the rubber 1ndustry is dependent on the behav1our of such

strategies.

1.4 Objectives of the Study

The objective of this study is an examination of rubber replacementistrategies;.
using a simulation approach. First emphasis has been placed on gaining a clear
understanding of the alternative replacement strategies currently in use. Factors
'such as'the farmers' intention towards replanting, 1nten51ty of exp101tat10n,
pricing and size of rubber holdings are examined in relation to the choice of
repianting strategy to be utilieed.’Second; a simulation approach is used to make
an inventory projeCtion for rubber areas which incorporates these factors intO'theﬁ
data collected by the Rubber Industry Master Plan Study of Sri Lanka. Finaily,
yield curves are examined for rubber on smallholdings and on large holdings, based
on tbe replanting policies under study. By'applying the age specific yield curves
to the age specific area, different projections are also made of . expected

production levelsr

5 . B
This is based on the fiqures estimated bv the nroiect ream.



CHAPTER 2

FACTORS AFFECTING THE ALTERNATIVE REPLANTING STRATEGIES OF RUBBER

’The»area gndér rubber is gbverned by the rubber replanting policies. This is to
a large extent a reflection of the economic decisions taken by theitbousands of farm -
households. The long term investment. decision of rpbbér replanting cannot be
éepa;ated ffom‘a_mulﬁitude of other decisions, bqth shoft-term and 1ong;term;.m§de
by farmers. The éecisiop to replant a particular ruBberAstand, plant up a new‘ﬁrea
or choose another crop takes place in the normal cbursé of attempting to maximize
some form of a multi-period utility fqnction.- The vafiablés in such a function
include non-economié'and economic factqrs. Therefore,the farmér's decisidﬁ.cannotA
be'édéquately assessed withouf an«appreéiation of thé major factors involved in
reaching it.

It is useful to discﬁss bpiefly ﬁhe_theory of replacement bgfore detail;ng the
behaviour>pf such factors.rThe principles of optimal assets ?éplacement‘a;e mbstl

clearly stéted‘by Perrin (1972). The assets should be replaced when the expected
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returns from the present assets begin to fall below the highest annﬁity that can be -
obtained from its replacément by the best 'challenger'. This priﬁciple has.béenv
applied to rubber in Sri Lanka by Jayasuriya (1973) and Etherihgtonvand'Jayasuriyé
(1976) and to rubber in Malaysia by Etherington (1977). The détermipistic model‘
‘developéd by Etﬁérington (l977)lprovides a feady and,clear explanation .of fhe,j
theory in brief. | | |
For a singlé cyélé}of the asSets,the present Qalue‘of the st:éaﬁ of earnihgs can

~be expressed as

c(0,s,1) = s R(t)e Pt at + M(s)e P® . o @a)
0 ) ' ) ’ :
Where , .

C (0,s,1) = present value of the stream of v
residual earnings from a challenger to -
be initiated in year 0 and replaced by
ge 's' by a challenger.

R (t) = net earnlngs. This 'is negatlve in the case
of rubber during its immaturity.

M (s) = Salvage value (timber of rubber)

P ‘ = discount rate.

In the case of rubber, which has a series ofAidentical cycles, the problem is to
ascertain the replécement.date which maximizesAthe value of the entire income.

stream.

The stream could be expressed as:

C0,5w) = C0,5,1) + e P2 c(o,5,1) + e PP c(o,5,1) + ..., (2.2)
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The reduced form of this gives the expression_ for the present value of a

' perpetual annuity received in every 's' years, as shown in equgtion'(2.3).

CO0,8,0) = . 1 C(0,s,1) . ‘ (2.3

The following first order condition gives the maximized Qalue for.equatioh 2.3,
with respect‘ﬁo the replacement date 's'.
{R(s)+M (s)le PS . { s R(t)e P dt+M(s)} e

Where M'(s) = first derivative of the salvage function

The above equation states the general principle‘ of replacemeﬁt, that the "
discounted'marginal returns must equal the annuity formed from the discounted total
flow of earnings from the assets plus the salvage value. Further this could be

written by using 'r', the discrete interest rate.

s ' :
{R(s)+AM(s)} (141) ™% ={ T R(b) (141) T4M(s)} —F— (2.4.2)

0 | (1+r) 5-1

This equation states that the annuity formed by the discounted annual earnings_
plus salvage rate must equal annual returns plus the change in the salvage value.

. But in real life this equality condition is unlikely to hold. Therefore the
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decision rate of replacement'could be expressed in the form of an inequality.

. 3 ‘ . v s ’ E -
{ R(s)+A M(8)} >¢{ £ R(t) (1+1) "~ S4M(s) } fﬂi‘—)—>{a(s‘+1)+ams+1)} O (2.4.3)

0 C(L+r)°-1

In order to calculate age ;s',”one must fepeaéedly proceed to check the
inequalities’in equation 2.4.3 in each time period.; |

The appliéation of the equation 2.4.3 to rubber conditions in Sri Lanka, usihg
changes in yield,‘p;ices, interest rates} subsidy rates; tapping‘systems and
téchnolqgical  ¢hange; leads to a- numbét of concluéions (JaYasuriya, 1973;
Etherinéton and Jayasuriya, 1976). In order toAaééess the farmer's decision oﬁ‘
replanting in futﬁre;' it is useful to discuss the ﬁannér in which optimal

replacement dates change with changes in expectation of the above factors.

2.1 Yield Expectation

The government replanting pélicy is based on a sténdard replacement cycle of 33
years.i Trees are generally tapéed'fof the first time betyeeb;thé fifth‘ahd sixth A
year after planting, when the circumfereénce of the tfee reachés;ls inches at a
height of three feet from the ground. Rubber.yields gradually ihcrease during the
garly yéars.of tapping, then continue at a stable output for a' certain éeriqd, and
thereafter begin to deciine‘gradually in the latef yeérs.'However Qith'a high
intensification of tapping in the latter part of the life of the tree,r a
considerable amount of high output can bé‘achieved. This pattg?n of yield o§er tﬁe.

~age of rubber is'set out in Tables 2.1 and 2.2 which show the yield per hectare,

calculated by different sources. A detailed description of the tapping panels,

phases and yields are given in Sections 3.1 and 3.2 of Chapter 3.
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Table'z.l

Yields in Kilogrammes per Hectare per Year

Estates Below 40.5 Ha. (100 acres)

Year of Tapping " ANRPC - RRISL RRISL
‘ o : . (hypothetical)
(x) : - (xx) (xxgl . - (xX%XxX)
1 420 560 - 800
2 672 7000 . - 1000
3 840 805 1200
4 980 , 910 1350
5 1120 1980 - 1450
6 1120 1050 ' 1550
7 1120 o 1120 - 1650
8 - 1120 1170 B 1700
9 , 01232 - 1190 1750
10 - o 1232 1210 1800
11 . 1232 1210 1800
12 , 1232 - 1190 1750
13 - 1232 1170 1700
14 ' 1232 1140 : 1650
15 , 1064 . 1110 1550
16 . 1064 1010 1500
17. 1064 960 1350
18 - 980 860 1250
19 ' . 960 770 : 1150
20 960 - 630 900
21 ; - 700 - 650
22 . - 900 _
23 - © 800 . -
24 ' - . . 1700 -
25 . .- 900 -
X generally assumed to commence tapping when trees are about six years of age
XX largely based on the yield pattern of PB86 ‘taking the areas of various
clones into consideration - Association of Natural Rubber ‘Producing Countrles

xxx yield curve of clone PB86 disounted for smallholders by the
Rubber Research Institute of Sri Lanka (RRISL) _
xxxx Hypothetical yield curve of clones planted in 1981 and after - RRISL -
assuming that the new plantation started in 1981 and for which planting
material and fertilizer were issued by the state would give better yield
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Table 2.2

Yields in Kilogrammes per Hectare per Year

Estates above 40.5 Ha. (100 acres)

Year of Tapping ANRPC RRISL  RRISL (Hyp.)
1 420 , 640 . 1000
2 728 . 800 1200
3 924 920 . . 1450
4 1092 1040 - 1600
5 1172 - 1120 1700
6 1232 1200 . 1800
7 1288 1250 1900
8 1344 1330 1950
9 1400 - 1360 : 2000
10 1400 1380 2050
11 1400 1380 2050
12 1400 1360 2000
13 1400 1340 - 1950
14 1400 1300 1900
15 1400 1250 . 1800
16 1400 1160 1750
17 1400 1100 1650
18 1300 10000 . 1500
19 11200 900 1400
20 . 1150 800 11200
21 - 800 1000
22 - 1000 -
23 - 900 . . -
24 - 800 : -
25 - w00 - -

The yield péttern is dependent on ailarge number of inputs; émongAthem _the aQe of
the = tree, the Vclonal. type, the tapping syétem, the épplicétion_ _of chemical .
Vstimulation and fertilizer, pést and disease cohtrol and climatic factors are
crucial. However in the.vprocess of de'termihing the ihfluenée of yield for
" alternative replacement s'trategies~,~ it is very impbrtant to dis_cués the expectation

of yield, rather than explaining any other factors.
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Yield expectation is to a large extent influenced by technological cnange. The
economic importance of recent technological change reduces the:immature oeriod and
raisee yields inythe eatly years of the cycle. The impact of these changes oni
optimal replanting datee and annuity values ete crucial (Ethefington and

Jayasuriya, 1976). | | |
The effect‘on the date of replanting is dependent on the type of technological
change, i.e. 'embodied'or disembodied. pisembodied technological change can bei
edopted,at'any Stage of production. In the case of rubberbtnie might be-in the form‘
of elternative‘management practices on an existing stand of'treee,}e.g. ethral
stlmulatlon or intensification of tapplng. ThlS could be applied to an exlstlng
plantation and. does not necessitate a delay unt11 the plantlng of new trees.
Therefore in this case both the annual profit function and annu1ty curve are
raised. Since thereffect is not only to raise'the cufves but also to change theit .
Shapesr the directlon'of change in the optimal ﬁate cannot be predicted;
Adopting aAhigh yielding clone is an example of embodied technological change.
These high yielding chatacteristics are enbodied in thebgenetics of thetspecified
“clones - and this could not be 'injected' into an existing stand‘of trees. The'reéultv“
of embodied technological cnange can be to reduce thetimmatute period and to raise
the expected yields of the potential new sStand of trees (l.e.the 'challenger"in
Perrin's terminology). Theee'changes will have the effect of taislng the expected
-annuity curve, while the net revenue curve of the existing stend of trees‘remains
unchanged. | | |

ﬁhere the technology reduces the immatute period or raises yields in the early

‘ years, the impact on optimal replanting dates and annuity values, and hence
profitebility, is very marked lndeed. The analysis catried out by Etherington and
Jayasuriya (1976) examines a radical chenge in embodied technology which reduces
the immature'period'fronls to 3 years. The reduction of the immature petiod depends
on the interest rate and how fast yields in later years fall off. At the lowest

interest rate (0 to 10 per cent) the impact of the data used in that analysié is to
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reduce the lengthbof cycle by the amount of reéuction in the immature period. At 15'
ﬁér cent interest rate the reduction in the 1ength‘kof cycle (5 years)is
substantially greéter.v The reason for this situation';s éxploiéd in Figure 2.1
which shows that when the immaturefperiodvis reduced there'isian effect on the

resultant increase in the annuity curve.

Fiqure 2.1

Effects of Reduéed Immature Period -

Profifs

Time (years)

R(t) = annual net‘returns
A(t) = annuity
ab = de > simple effect of reduced immature period

cd > effect of increased annuity

Source: Etherington and Jayasuriya (1976) .
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Thus the theory of replacement explains,that the embodied technological‘change
(improved clones) will raise the expected yield and, if-othér things remain.
constant, the effect is to raise the annuity curve, resulting in earlief
replanting. Therefore it can be concluded that the 'yield' has aﬁ impact on_the
alternative replantihg ét;ategies. However the historicél'data given in Table‘2.3
shows that the éVerage yield per hectare in kilogrammes hasvincreaéed gradually
since 1953.and had'almost'doubled by 1977. A major factor causing this inﬁrease in
yield was the Rubber Replanting Subsidy Scheme (RRSC)‘ﬁhich started in 1953.‘The -
programme encouraged the‘farmers to replant rubber with highvyielding budded stumps
(Rubber 'Controlier,“l974, pp.91.). ‘The Vhigh yieldiné budded stuﬁp eXhibits.
’ diffefent characteristics not only of yield but also in many qther importaﬁt
aspects such as resistanceAbo»wind damage, pests and diseases.

- This suggeéts that not oﬁly does yield expectation affect'the alterna£i§e'
cepiacement strétegies} but also that factorsvsuch.asbpficeé, subsiﬁy,'etc. ‘aré;"

also important. Hence we now turn to an examination of these factors.
2.2 price

In»discﬁSsing the effect of’changeé in prige expectatidnsffor éiternative
replacement stratégies, it is ;mportant to distinguish_betweén Iong term and sﬁbrt
termAexpectations-of prices. Theoretically} if the long term pricé éxbectation‘of
rubber is rising, this will shift the expected annuity curve upward resulting in
earlier replanting.. Sucﬁ a change dbes not éffect the current net revenue. In '
gontraét, a rise in fhe short term priée expectation will affect only the current
net revenue curve, withoutnaffecting the expeCtéd annuity. This will résultlin—a.
Hdelay in replanting. In the @ase where both short term anq>long term price 
expectafions change togeﬁher, this could have an impact on the datevof'replénting,‘-
since it affects both current net fe?enue and annuity. The result of this on'the

replacement date is indeterminate,
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Table 2.3

Average Yield, Price, Replanting and New Planting

1948-1978
Year - Average Yield Average Price Replanted Area New Planted Area
~ (Kg/Ha.) " (Rs/Ha.) (Ha.) ' (Ha.)
1948 , 402 1.36 592 o 119
1949 375 1.23 . 890 ' 232
1950 » 355 3.43 1565 272
1951 — 380 4,73 1387 - 570
1952 363 . 3.04 1700 553
1953 461 2.97 2348 , 348
1954 426 2.42 7472 : 619
1955 393 1 2.82 8464 502
1956 420 3.19 9953 174
1957 : 447 2.49 9809 © 1130
1958 464 2.09 8355 ; - . 935
1959 428 2.75 7503 " 813
1960 , 467 2.71 7244 786
1961 478 2.20 7565 - 572
1962 . 486 2.13 7269 - 277
1963 493 ©2.05 6442 . 268
1964 _ 504 1.98 5487 . 171
1965 627 2.00 5061 S 260
1966 . 682 1.96 4689 . 157
1967 725 1.74 4083 ' 55
1968 752 1.94 5155 : - - 237
1969 754 2.31 4892 . 126
1970 792 2.00 4145 112
11971 736 1.76 3431 : - 238
1972 : 737. 1.78 3539 180
1973 777 2.60 2946 186
1974 ‘ 687 2.80 2865. 34
11975 ¢ 774 na 3230 : 142
1976 790 na 2550 : 56
1977 : 794 © 4,51 2617 45
1978 845 ' 6.92 13225 o 378

Source: Rubber Controlier, 1974.
Central Bank of Ceylon, 1978.

The behaviour of the decision.rule.given in Equation (4.3) to the changes in
prices is presented in Figure 2.2, which shows the annual net revenue curves as R(t)
and the annuity curves as A(t). The salvage value M(s) in this case is presumed to

v bé'insignificant.
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In Figure 2.2, it is clear that the changes in rubber prices have little
influence on the replacement dates since both the annuities and net revenue curves
move up and down together. The conclusion drawn in this analysis is very general

‘and is not tied to any specific data or to any particular country.

~ FIGURE 2.2

Effects of Price Changes on

Optimal Replacement Dates

Profits
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. The actual behavionr-of the average price;of rubber in Sri Lanka is given in
_ Tablev2.3. The very high prices in the early 1950's were caused by»the Korean War.
The reaction of the produoers to this leapvin prices was immediate; both small
holders and large estates raised their output, as a result OEYShort’term‘priCe‘
expectation. The yieldrobtained'per.hectare of mature area,in'smallholdings‘in.1956
was 34 per cent higher than in 1949, Thevrespectvirve figure for estates rvas 22 per
" cent hlgher (Rubber Controller, 1949, p..SO) .

Table 2 3 suggests that the farmers responded to short term prlce expectat1on in .
1950—51_by replanting very few areas and attempting to maximize proflt from the
‘existing areas. N |

The effects of the’price boom, however, were not‘allinegative after the Koreanli
'War, espec1a11y as prices in the next few years contlnued to be’ relat1vely hlgh, but
-lower than the peak in 1950—51. Subsequently in the follow1ng two decades, there
- was a.steadilyideolining'trend in rubber prices. Although the’proflt marglns
,increasedtin 1973,7with higher prices received in consequence of the oil crisis,
the slumpvin rubber prices since the latter half of 1974 has Created.an atmoSphere
of uncertainty.in the rubber market. The rubber industrybhas.been‘able tovsurvive
aunder the depressed price levels largely because of the massive replanting
_ undertaken in the early years of the Rubber Replantlng Scheme (Rubber Controller,
1974,App.87). The subsidy was a major cause of the increase in the annuity of future

plantings as against current income.

2.3 Subsidy

Theoretically the result of the subsidy for replanting only affects the annuity.
Therefore any increase in subsidy should induce earlier replanting. The study
.carried out byv Jayasuriya (1973) indicated that .increases in the level of

replanting subsidy tend to shorten. the optimum replacement age. Further it
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concluded that decreases in replanting costs by subsidy shorten the optimum
replacement aée, since this reduces the financial burden of replanting.
- However the increase in subsidy just in money terms is not suffiCient incentive
to replant. The‘survey done by Jayasuriya and Carrad (1976) reported,the differenee_
ih.replantihg.subeidy needs'between_groups.,A majority of those'who:used‘hired
labour“claimed the subsidy was insufficient, wbile most users of'family labour
thought the sub51dy adequate to cover the actual cost., However 1t is 1mportant that
apart from‘coverlng the actual cost, the present sub51dy is not suff1c1ent for
smallholdersjto-combensate,their forgone regular 1ncome»unt11 the replanted area,
becomes mature. The only source of cash iucomekfbr most of the smallhdldersaappears
.ﬂn be rubber (Ptemachandra and Houtman, 1976). ‘AlthOUgh the'owneks of 1a:ge
holdinge claim that the subsidy is insufficient for the use Qf hired'labour,jthey do
have other sources‘oﬁ iueome to compensate for hauiﬁg fotegcne‘six years' ibcome
during the immature period. It is alsb‘mo:e likely that"the owners of iarge
holdinge‘would replant part bf their boldinge at a time..The income of the othepb
areae would even. out income flows and thus encourage replanting, unlike the_
eituation of smallholders, th may ownkonly a single rubber area which bae to be.
replanted all at one time. | |
The analy51s of the Rubber Industry Master Plan Study shows that 1neff1c1ency or
apathy on the part of the permit holders in pressing on with thelr replantlng
programme, and,1neff1c1ency or inadequacy and 1acg of follow up:from the sub51dy
offer (Rubber Controller in Sri Lanka) is leading to long delaYs in teplanting.
Further delays can be caused by bureaucratic procedures discouraging the farmers.
from maklng early appllcatlons for replanting. Such difficulties would account for

the falllng—off of replanting, well below the target, desplte increases in sub51dy

‘payments.
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.2.4 Labour Use (Hired or Family)

Thé importance of labour has differént implications for alﬁefnati?e replanting‘,
strategies in ;he~ rubber industry. The type of labour, hirea or fémily;‘ ié"
imporﬁant in this ;espedt. SinCe the typevof labor used,ih’thevoperation.pf
replanting is‘closely corréiated with the cost-struéﬁure, the availability of thé
labour éupply is‘crucial in.feplénting. |

» Ta51e52,4 SthS‘the average replanting expeﬁdituie by diffefent tyﬁes»ofllabbur

used.

Table 2.4
Avefage Reglantiné Expenditure_pgr Heétére »
Type of Labour Used Expendiﬁure (Rs./Ha.)
Only Family , 5044
Mainly Family 4420
Mainly Hired ' 7472
Only Hired -~ 7750

Source: JayasuriYa, 1977.

Thg higher expenditure for hired labour would have the impact of delaying
reélanting améng iarge hqldings. Further delays could also occur due to SCarcity ofv
labor in.some areas.

Moreover, tﬁe use;of‘hi:éd labour could be a major factor in the‘exploitation‘of
existing trees. This to‘..a certain extent depeﬁd;‘, on the ciegfee of absentee
landlordism which is not great in the smallholding sector, but there is_a tendency
forlit to go up with the size of the holding. It is very high amdngvthe medium sized
holdings. The high intensity of exploiﬁation will influence alternative.replaﬁting

strategies{
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2.5 Subjective Discount Rate

The farmer's subjective discount rate will be affected by sévefal factéts:
~ changes in .expectation in future yield, priceé'and income, the risk bearing
capacity of the farmér and poséibly his age. In addition the‘capital market of Sri
Lanka. has many imperfections, as,elsewhe;e‘in the ﬁorlé, and tﬁere is no unique
market rate of interest that is appropriate for all private and.pubiic investménté.'

However the impact'bf increases in interéSt»rates is-to lengthen the opﬁimél
replacément'qycle, because although the annuity‘expression‘increaSes Somewhat, the
discount term causes the annuity Vaiue to fall. The increase 6f interest rate could.'
alsofinfluence'thé annuity curve to Be flat. Thereféré the choice of sub-obtimal
dates two or three years either side of the'optimal.date has a>negligib1efimpaéf on
the annuity value. |

In addition to this, if other things are equal,‘eacﬁ-interest rate wiil'result in
a sbmewhat different réplacement decision, although the éensitivity of replanting
dates to interest rate changes depends on the slope of the Yield functién. This is

shown in Figure 2.3 (a) and~(b)..

It is clear from this figure that ﬁhe'curve fépresentingva slowly,declininé
revenue is more sensitive than the other. The more Qradual deciine in' annual -
v rétufns in that curve shows greater sensitivity to inte;est fate changes.

Héwgver.the iﬁpac£ ofbthe discount rate (interest rate) in general is that any
possible rise 'in discount raﬁe will induce a delay in replanting. This is dependent

largely on the slope of the yield function.
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"2.6 Land, Land Reform and Land Ownership

The " inventory study results of the Rubber Induetry Master Planvstudy (1979)
indicate a decllnlng rubber industry- w1th land be1ng removed from rubber productlon -
Aat a steady rate. Approxlmately 11, 000 Ha., 5 per cent of the total, was lost during
the-perlod from 1971 to 1978. A s1gn1f1cant area was lost due to prqducersﬁhavxng no’
rqonfidence in the crop and ehifting‘intobotherlcrqpe, and to villagejexpaneion for
;'residentialrpurposes due to the Continued rapid greWth.of population in the rural
bareas of'Sri Lanka. |

In addition, the ownerenip‘of the rubber area has undergone great cnangesruith.‘A
the_Land Reform Lawé of 1972 and 1975.1 Uneertainty‘surrounding~land refbrms
resulted in maximizing short tern earnings- in ‘private management.‘betore the
takeover; Retaliatory action on the part of former landlords, in the fern'of damagei
and neglect of plantations in anticipation of disbossesslon; contributedlto lower
output from 1972 to 1976 (Land Reform, 1976) . |

Also before the land reform was enacted there was a degree of uncertainty among
the private heldings,yabbut tne area in exeess_of 20.25 hectares (50 acres),'for‘the
determinatien to be made as to what portion ofyland the owners were to be'allottedr‘
>>It was:clear that there was a tendency‘to neglect the holdlngs until tne:flnal
determination was made'(FAO—World Bank, 1979). Hencelthe Land Reform Law 1edjt0’a-
elower.rate of replanting and to destruction of plantations mainly due td the
- temporary abandonment of agricultural practices.‘Corruption and mismanagement are

still rampant in the newly ‘organized Electoral cooperatives, as has been admitted

The Land Reform Law, No.l of 1972 which imposed a ceiling on private ownership of
land and provided for the setting -up of a Land Reform Commission with powers' to
acquire privately held land in excess of the ceilings. The Land Reform Law
(amendment), No.39 of 1975, under the prov151ons of which land held by publlc
companles was nationalized. .
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even by the defenders of the reform programme.2 Malpractice and politicai_influence 
were apparent in the plantations after land reform, as privaté_owneiship was
replaced by state ownership. This infiuenced deveiopment programmes very se;iously
and resulted in delajs in replanting. - —
All the abovementioned factors have bétﬁ a diteét and indirect impéct‘on‘the
replacement of rubber trées and‘provide impbrfaﬁt backgrpund'info;maﬁion for'thg |
present study. Although this study does not éttémpt td méasure Ehe importanceléf -
eaéh of'tﬁeée factors, it is necessary to keep these in mind>Wh¢n‘conidering the

implications of alternative replanting strategies for the future,

2 .
Many specific allegations of corruption and mismanagement were made during the

debate of the 'Janawasa Bill' in the National States Assembly (Hansard, XIX:17,
XIX:18, XIX:19). '



CHAPTER 3

INTENSITY OF EXPLOITATION OF RUBBER

The relationship‘betwéen the system of tapping and'the éptimﬁm_replaéement age'
is very clbse. The systém of tapping determines the rate of bark consuﬁption,lwhiéh
in turn determines the effective life span of the ﬁrges. 'Hence there is soméh
justification’for investigating the systéms of tappihg'and bark‘consqmptiohAand
- also the péssibility of inﬁénéive exploitation of the trees due to fluctuation of
.prices, among the different size groups of ;ubber holdingé. ‘Intensity .of

exploita£ion‘ is one of the crucial fac;ors which détermine aite;nativg replacement

strategies;

3.1 System of Tapping

The Rubber Research Institue of Sri Lanka (RRISL) recommends the best' tapping
system as one which gives'the highest yieldszat lowest tapping cost with the best

. growth and bark renewal, the lowest rate of bark consumption and  the lowest
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incidence of bark diseases (Handbook of Rubber, 1970); The choice of a suitable
tapping system is a compromise between the two interacting faétors of yield‘and.
growth} It is possible to increase yield by practising intensive taéping 3ys£éms,
but this is likely to adversely affect the growth of theitree;

There is no*pafticular'tapping system which is ideally suited té all clones
under all conditions. The systeh also varies éccording to the conditibnrof the
rubber stand. | | | ”

Four systems of tapping are recommended by the RRISL.1

(a’ Half-Spiral Alternative-Day System (S/2,vD/2, 160 péﬁ cent) 

" As the ﬁame suggesés, in this system a one,half—circumference cut of the trée‘is
_ﬁapped onée in twovdays. This system.is highlyvsatisfactory for ﬁost_clones:frbm :
.the commenceﬁept of tépping{ On the assumption of 260 tapping days pef ygér, éach
tree_wiil be tapped on 140 days. The bark conéumption wiil be 7 ;nches at»20.cuts

per month.

(b) .Double;FQur.System‘(Z s/2, D/4, 100 pef cent)
'This system has two half-circumference spiral cuts tapped qncé iﬁ,four dayé. Qﬁ 280A
tappihg days per annum, each tree‘ will Abe tapped‘;on two cu?s on 70 days.
Theoreticéily'éb0ut 3.5 inches of bérk‘will'be taken off»each.cut.pér yeat. Abgu;.7

inches.oflbark are consumed per annum,

(c) Half-Spiral Third-Day System (S/2, D/3, 67 per cent)
This’syétem tapped a one half-citcumference spiral cut once in three days. On 280
tapping days per annum each tree will be tapped on a single cut on 94 days. The bark

consumption per year is .5 inches under this system;

In the discussion of tapping systems, the author relied heav1ly ‘on the Rubber
Handbook publlshed by RRISL (1970). .
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-(d) Double-Three System (2 S/2, D/3, 133 per cent)
This is used for tapping budded rubber:before thé coﬁpietioﬁ of tapping on the firSf
rené&ai bark. This éystem taps two half-citcumférence spirél cuts once in.gvefy
‘three days. The double three system is recommended in the last few Years'beEOre
téplanting. Any.earlier introduction‘of this.system resdlts in a reduction of the
tapping intensity fo£ the remainder ofAthe tfeeis iifé. Thetefore:it is npt:'
advisable to iﬁtroduée £his system for tapping budded or clénalvrubbe: until it iév_‘
definitely khoﬁn that sﬁch rubber stands~will be due for feplanting within 8-10
years. | | |
It is to be notéd that none of £he abové.sYstems is used eXcluSivgly thfoughout"
the exploitation éfcle.‘The method of tappiﬁg‘usgd.in'most of thé‘lafge éstates
begins ohlthe s/2, D/2, Half-Spi;al Alternative4Day'éystem and éontindes this'untii
the 30th year when more intensive systems are introduced. During 30 to 36 years-of
. age,‘ there is’é gkaddal dhange to intensive: s‘ysAtem"s of 2 s/2, D/3_, 2s/2, /2, and 4
s/2, D/2.> In the case of smallhéldings, the method of tapping begins with /2, D/1, .
Half-Spiral Daily tapping45ystem and continues.until the 25th4year, As a result of
this system, the :epianting cycle is shortened, ‘due to~poor‘growth-o£ the't:ee.vFor 
the rést of the peribd_until the 26th and‘27th years wﬁen replantﬁhg is neces#éry,'
rthevsysteﬁ of 2 8/2, D/2 is adopted;.Thié method is not commonly u$ed in estates bu£
is widely practised in the smallholdings. | |
In addition to these two widely practised methods, theré is~ano£her method which

begins with‘the S/2, D/2 system and cbntihueé'for four to five years. Thereafter
tapping continues until_the age of 30 years by using the 2‘S/2, D/3, 2 S/2, D/2 and(2
'S8/2, D/1 and at the end of the 35th year trées are replaced.

"It has been mentioned earlier that the high yields realised with the intensive
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tapping systems during early years affects the growth of the tree and the yield
begins to decline later. At this stage‘high'tapping intensitiesvabove'loo per cent

couldvbebadopted, possibly six years before replanting, as follbws:2

First year | | 2 S/2, D/3,Ai33'per_ceht
‘Second year | ‘ . ~ do.

‘Third year | ) j: | do. _
Fourth yeﬁr ' : | : 2s/2, b/2, 200 per ceht '
Fifth year . do. -
Sixtﬁ‘year 7 | 48/2, D/2,.4OQ‘per cént

. Howgver, the féfmérs do not always carry out the ﬁRISL recommendation énd at
timeé théy exploit virginABark above the no;ﬁal tapping panels,>Whén adeéuate 5ark
reserves exist. The introducfion of the QRISL System‘earlief in the life of the
‘trees could have implicatiéns for the eéonomicél replanting cycle. This sfstém is

directly concerned with the consumption of bark ahd its effects on the alternative

replacement strategies.

3.2 Bark Consumption

The accepted bark consumption’for a_tapping year and fhe:tapping height-forva
"particular tappin§ éycie are based on 20 tapping cuts per inch of bark. But the bark-
consumption for any tapping year will depend upon the total numﬁef of tapping days.
Supposing a once iﬁ'two days tapping interval working on a basis Qf 240 tapping days

per year, bark consumption will be about 6 inches. 1In any case the thicker bark

In order to calculate the relative intensity, multiply the fraction of the

formulatby 400, ignoring alphabeticals. ex S/2, D/2 system - 0.5 x 0. 5 x 400 = 100
per cen :
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- shavings do not result in an increased yield; However somewhat thicker shavings of‘
bark are necessary only if e four day inte;vai of tapping is edopted or after rest;
due to the drynees to a greater depth of the oot surfaoe?

it should be stressed that the criterion ofd20 tapping cuts pervinch of bark is
not a fixed bark conSumption for every month. This is.highly dependent on thev
number of tapping days per month,i.e. in wet honths,there are fewer tappihg days
(because tapping is not done in rain).:Therefore thefpfactice’of>marking,e rubbé;
tree on the amount of bark consumed per month is not adv1sable. The tappers'of some
holdlngs practlse‘marklng of rubber trees, thus resultlng in waste bark 1n order to‘

. use_up the marked amount, espe01ally in the wet months. ThlS practlce could also

»have an impact on tﬁe intensity of exploitation.

There are a number of ways of tapping peneie which are employed by most.

countries.

The description of the Half-Spiral Cut System is as follows:

PANEL o D PERIOD

Age (Yrs) v ~ Age (Yrs)
X1 - 1lst Panel of Virgin Bark " ‘ : 7-11 5
X2 - 2nd Panel of Virgin Bark ’ 12-17 5
X3 - 1st Panel of lst Renewed Bark - 18-21 4
X4 - 2nd Panel of lst-Renewed Bark 22-25 4

X5 - 1st Panel of 2nd Renewed Bark .
: o } 126 years and above

X6 - 2nd Panel of énd Renewed Bark

The high panel of virgin bark is designated X5 and X6. This is illuStrated-in

Figure 3.1.

~If once in four days tapping intervals is adopted the total number of cuts per
tree is 60 and subsequent bark consumption is 3 inches.
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Figure 3.1

Tapping Panels
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This is the reéommended way of exploiting a rubber tree without affecting its
growth badly. However in préctice the tappers.ofteh exceed these limits and expioit
the bark more rapidly in order to maximize short—ﬁérm profits.

The study carried out by thé Rubber Industry Master Plan investigating.bgrk 
consumption has‘drawn a coméarison between the actual rate of bark;qohsumption and .
the standard rate (Rubber Industry Master Plan Study, 1979)1' It ié,nﬁt;clear from_
the Rebort in what way the comparison was made but the results shown_in Table 3.1 -

are very interesting.

Table 3.1

Bark Consumption

SIZE OF HOLDINGS (Ha.)

0-0.5 0.5-1 1-2 2-4 4-10 10-20 © 20+ State* Total

PERCENTAGE OF AREA IN TAPPING

-5 6 5 3 11 8 - - 1 4
: -4 8 5 . 3 3 8. 5 9 8 6
Ahead -3 10 5 10 - 3 C- ‘5 9 7

(years) -2 11 .8 6 8 7 3 13 12 9
A -1 12 14 27 22 17 16 20 24 19
Standard 0 17 32 17 ‘16 13 47 5 22 22
' 1 ST 10 5. 9 11 6 0 7 8
. 2 11 8 16 6 8 8 8 4 8
Behind 3 3 1 3 10 . 11 1 6 3 4
(years) 4 3 .5 1 6 - 5 o= 4 3
- 45 8 9 9 15 9 23 7 ‘10

- 12

Source: Rubber Industry Master Plén Study, 1979, P.6 of Appéndix 1.

* State refers to all nationalized estates.

The Report further emphasizes that on average for all size groups bark
consumption tends to. be ahead of the standard. It is clear in the above table that

about 67 per cent of the overall area uﬁder:tapping was equal to or ahead of the
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standard. This exploitation of rubber trees is a response either to price or some
other faéfor. This affects the date of replanting and is proof thaﬁithe theoretical
.33 year replanting ¢ycle is not actually being ppéctiSed.

The Report further explains that t:he proportion of the arveav below the sténdard
is a,reflection‘hog of pndeveloped trees but rather of ﬁhe large area of old,
average}rﬁbber which ‘is stiil in tépping él£hou9h yielding small quantities ofb
latex (Rubber Industiy'Master Plan Study, 1979). Thisvissue will be discussed again
later wheh-consiéering the intensit& of exploigétionvin'Section'3.3‘2. |

The conéuﬁption of bark of a ;ubber_tree can be régarded as thé:most-impottant’
factor determining the remaining life of the trees ana, subseguently, the rate of
fepianting} The Rubber Indusﬁry Master Plan Stua§ (19?9) has)aiSo:estimated»the
remaining life of the tree by réference to the amountnoffbafk»remaininglqﬁ'théAtree,
ailowiné 4.5 years pef paﬁel for lowv 1éve1"tapPing and é years »for final
_exploitation. This is iilustQated.in Table 3.2.

Table 3.2

Estimated Remaining Life of Trees

Remaining 10-14

9 19990

"Source: Rubber Ihdustry Master Plan Study, 1979, p.7 of Appendix I.

- 25-31 20-24 15-19 5-9 0-4
Life Years ' ' o
‘Holding Size Ha. 3 Ha. % Ha. % Ha. ¥ Ha. $ Ha. 3
(Ha.) : '
- 0-0.5 1546 6 3138 10 5241 17 6490 20 4769  15 10765 33
0.5- 1.0 1932 6 2310 - 8 3111 10 5550 19. 4815 16 11943 40
1.0- 2.0 1685 9 2083 12 1924 11 2955 16 3521 20 = 5850 32
2.0- 4.0 1920 14- 1443 10 2682 17 3124 23 1297 9 3425 25
4.0-10.0 12128 11 960 5 3704 17 - 4405 23 3325 17 4679 25
10.0-20.0 97 11 2119 19 865 8 4142 36 2299 20 1830 16
20.0 + 535 6 1242 14 909 10 1284 15 2045 24 2717 31
State 8046 13 6695 11 8840 15 14308 24 8120 14 13398 23
TOTALS. 18187 11 27276 14 42258 22 30191 16 54607

28
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It is clear in the table that 28 per cent of total area ie in the category of 0-4
years of remaining life. About 35 per cent of the area of the smaller groups below
2.0 Ha. has a remaining life of 0-4vyears.‘This”either suggests a higher intensity
of tapping over the life of the trees among small farmers than‘the large estatee or
else it could be a result of a slower replanting rate and older trees. However‘the-'
’ major reason is certalnly the higher 1nten31ty of tapping which 1s reflected 1n the
bark consumption rates, whrch are significantly higher than the standard .Hence,
the economic life of trees 1e affected to a great extent by the rate of bark
consnmption. It will be ehortened'if the rate of.bark consnmption is higher than
the recommended coneumption. This has implications‘for the.rate of replanting,A

implying alternative replanting strategies.

3.3 Price and Intensity of Exploitation
In_this section an attempt is made to identify how the farmers respond to price

‘changes and their reaction to bark consumption and intensification of tapping.

3.3.1 Price Expectation and Intensification in the Past

Asrmentioned in Section 2.2 of Chapter'z,.priCe iavthe most crucial factor in
determining high bark consumption. Short-term price expectatione are important in’
" this respect, since farmers attempt to marimize the net revenue funetion. The
ultimate result of this is the consumption of'bark:beyond its optimum eeonomic‘
level. | |

The: history of the rubber industryk before. and ‘dnring the period under
investigation'in this study gires a ready and clear explanation of this behaviour.
The period 1930- 1950 was a period of stagnation for both the smallholder and the
plantation sector. Durlng 1930~ 32 rubber prices plummeted down to their lowest
recorded levels and the growers temporarily ceased tapping about 40 per cent of the
total rubber area (Rubber Controller, 1932). The areas of neW'plantingsvdurind thiév
period were the lowest annual figure ever_recorded since the beginning of the

industry. With the slight improvement of prices in 1933 and the following year
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planting began slowly. Howevér this was not aliowed toAcontinuéfin the subsequeht
pefiod, with the éstablishment of the International Rubber.Regulation Agreement
(IRRA) in 1934. Tﬁus even though the pricés fose almost conﬁinuously right up;to.é
peak durihg the Second‘Worldear period,.new plgntings were not légailyvpermitted »ﬁ
until 1939. However ‘during the period of 1934-1941 replan£ings Qere élloﬁed fo a
certain éxtént.' Although the area had not increésedvto any dreat égteﬁt thé

outbreak of £he Second World War in 1939 raised the démandvfor ruﬁber. ﬁven in 1941
prosecutions were still being made for underﬁakiﬁg new plantings.fAlthough the

réplantings Qere énCouraged, the actual area replantéd was not high. The rafional A>
farmer attempted to maximize the shoft-term pfofit function rather than uprootiné 1

and dreahing of the future Yiéld; Asva result during 1942 and 1943 abndrmally high;“

yielﬂé’wefe recorded. This has beenvattributea to fhe intensified tapéihg during
the Japanese dccupation of.most of_the'other rubber P;oducing countfies,i When
Malaya_wés occupigd by the'Japaﬁese~in 1942, sri Lanka»bécame.ﬁhe'majdrISOurce“df
supply 6f naﬁural rubber for the alliéd war effort3AIn order po supplflfubber_to
meet the demand.c;eated by the Wér, rubber plaﬁtations weré étrained‘tOAthe utmost

as a result of>intensive tapping. During this period replanting was strbngly

discouraged except when the trees were yielding no latex. However over 120b0. -

Ha.were perhitted to be b;ought under new,planting b& the IRRA; because of the high-
pricés and more intensive forms of tapping being adopted by‘théAémall pfoduceré-
(Rubber‘Controller, 1943). Aithough‘pérmission was'giVen to new plantations of
over 12000 Ha. -the actual planting achieved was little ovef 8000 Ha. due to rising
'costs and ﬁhé uncertainties generated by therwar.k | |
In order to obtain the’maximhnlpossible supply of rubber, the British Governmeht
appointed a Commission to enquire into ways and means of increasing the output. It
intrdduced a Capital Compensation Scheme (ccs) in 1943; whereby‘rubber growers we;el
leuntarily induced to ta§ to exhaustion 20 per cent of their acreage in return for

the payment of the cost of replanting such areas. As set out in the
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'Whitelaw-Perera' Commission Report (1947), the mainlconditions of the scheme were
as follows:

'Each proprietor was asked to volunteer to tap to complete exhaustion, 20 per
cent of his acreage within a period of two years from joining the agreement, as
well as to intensify, to an 1ntensxty of 133 per cent (but not slaughter tap) the

tapping on the balance 80 per cent of the acreage. Provided these conditions -

were met to the full satisfaction of the Ceylon Rubber Commissioner, His

Majesty's Government undertook to repay the participants a sum of $45 per acre

for the purpose of replanting that portion (20 per cent) of the acreage which he

- had, tapped to complete exhaustion.' (The Report of. the Commission of Inquiry

into the Rubber Industry of Ceylon, 1947).

As a result of this scheme an area of 9070 Ha. was 'slaughter tapped' and the
fest-of‘the 80 per cent was intensively tapped. As expected>the scheme resulted
immediately in increased output but left an appreciable part of Sri Lanka's rubber
plantation in a derelict condition. In addltlon to the scheme, war t1me inflation
on the one. hand and the relatively hlgh rubber prlces on the other would have
further induced greater intensificatiOn of exploitation. This is reflected in thef
relativeiy high but steadily declining yield per hectare of rubber from 1942 to
1945, as shown in Table 3.3.

Table 3.3

Yield per Hectare of Rubber 1940-45"

Year Average Yield (kg./Ha.)
1940 367
1941 ) 375
1942 ' 479
1943 . ' 413
1944 ' ' 418
1945 : 392

Source: -Administrative Reportvof the Rubber Controller, 1940-45.
The combined effect of this intensification, the adverse effect on upkeep, and
the continuing preoccupation with output and the age strueture.of trees, posed

serious problems at the end of World War II. One'conclusion_reached by-the'
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' Whitelaw—Peferé Commission was that the rubber industry as a whole was in need of
reh;bilitation. It was espimated that about 14575 Ha. out of a total of'5936b ﬁa.
in the smallholding sector were.yieiding less than 280 kg./Ha. (Rubbe: Contfoller,
1949, p.50). In addition, a substantial aﬁount of the additional areas would reach

that stage .in the next few years. Thus replanting was becoming an important problem

for smallholdings.vThe cost of living had increased sighificantly, due to post:war‘

price inflation, while rubber prices declined. This situation continued until the
onset of the Korean War in 1950. The reaction of rubber growers to this new price

boom was immediate: the sméllholdings as well as large estates raised their output,

adopting high tapping.intensity; The response given to the high prices in World War

II extended right. to the period of the Korean War, and left a-further porfion of the

plantations tapped beyond repair. This was reflected in the production figures for -

the»followihg.year when the growers were.unable to increase yieldé despite the
étill higher pri?es recérded in 1951, following the high degreé Qf inténsifiCation,
‘in many cases slaughfer tapping) in previous years.’ » |

The Rubber‘Commissioners in their report (Sessional Paper No.XViIrof 1947)‘
stated that: | | | |

'the greater part of the island's rubber was well past its prime, being over 35
years old, and that heavy tapping during the Second World War had greatly
~accelerated the deterioration of this rubber. In the view of the Commissioners,
175000 acres (70850 Ha.) of rubber were in such poor condition that they could
not be profitably worked at that time. Since then especially in view of the
intensified tapping brought about by boom prices in 1950 and 1951, a further
extent of about 25000 acres (10120 Ha.) would probably have become uneconomic,
thus making the present total area of uneconomic rubber land in Ceylon

approximately'ZO0,000 acres (81000 Ha.).' . (Rubber Controller, 1952).

As mentioned in that report the ﬁost~imp§rtant effect ofbthis intenéified_
tapping waé to aggravate the already acute probiem of uhécbndmic rubber. However
when high prices ére&ailed in 1971-73, a reasonable change in output to pricevwas
observed as during the Korean War period. But unlike during the Korean War period,
this haé been achieved as a result of the introduction éf high yielding clOnes\under
-the Rubber -Replanting Subsidy Scheme. Even then there would have been.iﬁtensified

tapping to respond quickly to the high prices. In 1978, although the area under
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‘tapping fell by 2 per cent, a notable increase in productlon waS'uecorded.'ThiS‘was
la;gely'due to a positive response to‘attraetiVe_priCes eoupled with continued
favourable weather‘conditions.‘ The attractive producer uargin seemed to have
induced some marginal producers to resort to slaughter.tapping as well.

The above historical pattern of the behaviour of rubber gfpwers to prices
suggests that the tapping intensity can be very hign due to-short'teum expectations\

of hiéh prices.

3.3.2 Intensity of Exploitation of Rubber

_In this sectlon an attempt has been made to calculate an index of the 1nten51ty
of exp101tat10n (INTEX) of rubber. The data collected by the Rubber Industry Master
Plan Survey was used in this study.4 Among other information collected by the
Master Plan, the data on the age of the trees and the estlmate of the remainlng life :
of the trees are of utmost 1mportance. Although the renalnlng llfe of the trees is a
hlghly subJectlve Judgement, it glves valuable 1nformat1on on the future llfe of
‘the national rubber plantatlon. If we presume the standard replantlng cycle to be,.
‘33 years, the formula for calculatlnd the 1ndex of the lnten51ty of ex9101tat10n-

(INTEX) is as follows:

INTEX = _ 33 x 100 . - - (3.1)

(A+R)
where A = Age of trees ‘
R = Remaining life of trees

4

Details of the data made available by the Commonwealth Development Corporatlon
(cnc) .
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Table 3.4

Intensity of Exploitation (INTEX). of Rubber

INTEX Absolute Relative . Cumulative

Frequency Frequency Frequency

% : 3 | .
(Sample Ha.) o :

46 24

0.2 0.2
62 o 1 0.0 0.2
65 .15 0.1 0.3
70 13 0.1 . 0.4
72 14 0.1 0.6
73 1 0.0 0.6
75 35 0.3 0.9
77 ' 25 0.2 - 1.1
79 50 0.4 1.5
85 100 0.8 - 2.3
87 S 54 0.5 2.8
89 - : 221 1.8 ‘4.6
92 . 137 1.1 5.8
94 432 3.6 9.4
97 306 2.5 11.9
100 406 3.4 15.3
103 . 583 4.9 20.1
106 © 2532 - 21.1 - 41.2
110 1586 : 13.2 54.4
114 . 2511 : . 20.9 75.4
~ 118 576 4.8 80.2
- 122 439 3.7 83.8
127 - 317 2.6 86.5
132 1310 10.9 97.4
138 107 0.9 98.3
143 : 135 S 1.1 99.4
150 37 0.3 99.7
. 157 , 9 0.1 99.8
165 25 0.2 100.0
174 ' 1 0.0 100.0
276 4 1 0.0 100.0
TOTAL 12003 . 100.0

The calculated INTEX values from the sample data of the Rubber Industry Master
Plan are presented in Table 3.4. Rubber holdings with a total cycle lengthlof 33
yéars will have an INTEX value of 100. Those with an excessively long cycle (eg. 78

years of age and remaining life) will have a low INTEX value of 42. An INTEX value
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of 132 indicates a relatively short cycle lehgth‘of 25 years. This result confirms
thg bark consumption rates presented in Table 3.1,'which were calculated by the
Rubber Iﬁdustry Master Plan Study. | |

The 100 percent INTEX value means that the age plﬁs‘reméining life of a tree is.
exactly equal to 33 yeérs. If age and remaining life is below 33 it gives‘ap INTEX
value of mére thép 100 per cent, apd vice versa. At times the age ﬁouid be 6 years
or even 2 years and the remaining'life 0 years, reflecting_fhevearly death of the '
rubber trees. | | | o

" The results of Table 3.4 show that the ih£enSi£y-of exploitation is,eqhél tq or
below 100 per cent ohly-in 15.3 per cent of thé»rubber aréa, This aréa.is a
reflection ﬁot of undeVelopéd tnees;rbuﬁ of areas oﬁ propét bark,éohéumpti@ﬁ_which
have a reasonable ége”aﬁdrremaining life. It has beeh'expléinéd earliéf in this
chapter that the feﬁaining life ofAthe trees is calculated with reference to_the
bark copsumption. High consumption of bark during thé'early years of ége} of
codrse, reduées(the remaining life.’If this happené frequently, age and ?emaiﬁing
lifé;is beloﬁ 33. This is reflected in the table where intensity éfbexplditationiis
greater than‘loo’per cent. Thus 84.7 per cent of the'total area fallé:intﬁ this.
category mainly‘due to high bark consumption. However it is important to note that .
there are some areas of rubber thch go out of production due to,peéts and diseases
and c1ima£ic factors. 'Thére are some areas where the rubber trees d;e'in the
immature pe?iod; Such'a:eas are not very significant, but it couid bé a minof o
‘ reéson for the intensiéy of exploitation being above 100 perlqént.

As mentioned eérlier this high intensity could be affected mainly_by‘shortfrun
price and income expectations. It has been argued‘in the literature that the size
of holding has a different fésponse over price expectation. :

In orde£ to identify thé, INTEX among different size groups, it can be
hypothgsised that the small farmers exploit the rubber trees more intensively than.
the large farmers. To teét this hypothesis, the INTEX value has been calculétéd

 individually for each group and presented in Table 3.5.
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Table 3.5

INTEX Among Size Groups

Category Size (Ha.) Mean Value  Standard
of INTEX Deviation

Smallholding 0 - 4.0 113.7 18.7
Medium Holding _ 4.0 - 40.5 - 108.2 14,1
Large Holding 40.5 & above 113.7 11.7
‘Entire Population R 1115 16.8

This'shows on average that the INTEX for each size group islgreater_thaﬁ the
standard value of 100. However it can be éeen that the INTEX ié:high and equal‘among
small‘holdings and large holdings, both pf'ﬁhich are higher than_medium si?ed(JI
holdings.“ | |

The results. of this‘taﬁle could.be.interpreted'in different'ways. Of course
.smallhOIQe;s-do respond to price changés. Rubber is the main qt.onIY‘soﬁrée of
income for mést of the smallhoidefs. It is jusﬁifiableifor them to maximize income
by inténsification wﬁen priées are high. This affects the growth'of»thé fubber tree
and subsquentiy the remaining life of trees. This pattern is.explored in Séctionl
3.3.1 using historical evidence. The high INTEX among largé holdings is a‘fésuit of -
rétaliatory action Qn the part of fofmer landlords, in the form of damége andv
neglect of pléntaﬁions in anticipation oﬁvdispossession; While this explanétién‘
cén neither'be‘substantiafed nor refuted'with‘a specific set of_daéa, it does seem
possible that the»institutionalitransformation,is alsb responsible fof‘fhé high
v INTEX. However the INTEX among medium‘size holdings is not as high as»sméll-and
vlarge holdings.'This has been affected by thé drawba@ks which éharactetize 'mediumr
size holdings' such As.absentee ownership. |

Iﬁ>order tO'reéognise'the'differenceS'in INTEX among size groups é tesﬁ of the
differences between the gréups was carried out by using the 'T-fest'. The.results

are presented in Table 3.6.
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Table 3.6

Calculated F-Valués and T-Values (INTEX)

Size(Ha.) Mean STD . STD F-Value T-Value = T-Value
Deviation Error (pooled (separate
: variance = variance

estimate) estimate)

0 - 4.0 : 113.7 18.7 0.82 S 1,78xxx . 4.92xxx | - 5.12xxx
4.0 - 40.5 0 108.2 14.1 0.70 : ' :
10.5 & above 113.7 ‘

. Xxx highly significant

The T-test sub—proéiam of the'Stétistical Péckage for the Social Sciénces'(SPSS) ;
has given two estimates ofiT-vglues, éuch as 'poéied vafiance estimate' and
"separate varianceréstimate'. ;n béth eétimates the t4valﬁe is highly significant,;
indicatihg.thebdifference between Gfoup 1 (0 to 4.0 Ha.) and Group 2'(4.0'to'40.5:
’Ha.); It is clear from the table that:the’mean values of INTEX aﬁong smai;holdings‘
and large holdings are equal and signifiéantly higher than the .mediﬁm size,
holdings.rThis indicates ﬁhe high intehsity of exploitation ambng small and large
hbldings._ | -

Thus it is felt that the intensity of ekpléitation is ve;ylbrucialbin the
" behaviour of replanting. The ultimate resultrof this is to consider different-life
‘spané for the trees. It is obvious‘that the different life spans of the t;ees:causéd
different replanting cycles in real life. The variatibn 6f INTEX values fro@ 46 to
206 per cent imply different'replaceﬁent dates. The implication of this to the area
and production isrcrucial; Thereféte an§ planning model which studies the future

behaviour of rubber should incorporate the impact of intensity of exploitation.



CHAPTER 4

DATA COLLECTION

. The data u5ed-in_£his ahalyéis was,colléctéd from two sources. ?he main 36ﬁf¢éb'
bf data on thé rubber ihdﬁstry of Sri Lanka is giveﬁvih theAAnnual Administrati?e
ﬁeport.of the Rubber Cont;oller. Various aspects of data on éféa, prdduction.and‘
prices are publishéd in this report. Déta on age—spedific.aréa ahd'stbck‘depletion
of rubber are not readily available due to non-m#inﬁénance of such records. Thug
the immature aﬁd mature bearing areas cannot be separately ascertained in order to
make projections of the future area. Moreover, in the available data there are
errors and discrepancies. | |

The second source of data used was collected Ey the Rubber Industry Master Plén.
(RIMP) Study (19795 of Sri Lanka. Unlike the’Rubber.Controller's data sources,‘this .
is a cross-sectional survey carriéd out in 1978, to investigate-age—specifiq area,
bark consumption, remaining life of Eree$ and general condition. -

In order to obtain accurate estimations, both of the above main sources of data'
“have been used in this analysis, and similarities befween these two and other minor

sources of data have also been taken into account.
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4.1 Rubbér-Controller's Statistics

The data relating tbbtﬁe rubber indust;y and in particular the operationbof'the
Rubber Repianting Subsidy'scheme, are available from the Rubber Controi‘Departﬁentiv
of Sri Lanka. Some of the>informa£ion already collected is in fact inaccu:ate and
unreliable due either to the collection méthods'adopted or‘methods of’fecofding and
analysis. |

The adminiétrafive ;eportlpublished annually by the Rubber Cénttoller prOVideé
annual érga dé£a’as registered under the Rubber Control Act. Thé registered areas -
as well as disaggrégated"areas»among different sized holdings, small,”médiﬁm and -
latge, comprise the recérds. However, a great discrepancy exists betweeh the area
registered and the actual area. This'arisesvas a reSuit of‘séveral factors.
Firstly, proseéutions for illicit plantings is one of Ehe'main feasﬁns; as tﬁié
afed is ot included iﬁ the fegisters. The other possible reaspn is the‘abandonmenti
of substantial areas of rubber land especiallj in regiqns which are considered to
be marginéi land. These registers do not maintain_the records of the area deieted
from rubber. This uﬁawareness Qf the stock depletion figureé from the exiétiﬁg
qreésrand obliterated éreavreducé the usefulness of the Rubber Controllerfs‘daté in
any ‘analysis; Moreover sefious daéa problems ‘arise when 'the_ planting andr

:replanting patterns of the smallholders are examined.

Data on replanting from 1952 onwards are more accurate since there does not seem
.to have been any replantings outside the subsidy scheme.'ThusAfeplanting figu;és
canvbe-considered as an accurate guide to the area replanted since 1953.

‘The difference in area between actual and registeréd has been revealed by the
Agricultural Census of 1962, which shows that an area -of 42,500 Ha. (105,000 .acres)
registered at the Department of Rubber Control as being under rubber wa; in fact

diversified or abandoned. In addition analysis in this study reveals that the é:ea
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figures given by the rubber controller arevnot so useful due to lack of age-specifici
area and the stock deplétipn data. | |

However;vage—specific area couldvbe'grossed up from the replanting figureé,
‘théugh if is not accurdte.»Knowlédge of the séquence of new and replanting of éach
year providés.partial informatibnfas to the agejstfucture'in production in future
years. This is partiai since the normal death of trees due.to diseaées and bad
éeather are not taken into considératiqn. However this data could be utilizéd wﬁen»
comparing the accuraéy of other sources of,datalbr informatioﬁ; |

‘Thé data on age'stfucture énd étock depletion»cogld be»éasilybmaint;ined by the
bepartment if desired. The set-up of the Department and the orgénization of-the 
fiéld service could easily collect the data. Inefficiency and inadequaéj wiﬁhin_
the Rubbef Control Deparﬁmént are the main»reasonshfot'thése impérfecti¢ns, |

Hénce key informétion, which is required for plaﬁning purposés, is.missing.
This is especially critical for a Study of this nature, ih-order to make predictions
of the area and productioh based on éhe curreﬁt ége—specific area. Obviously any

assumption one could make about the area should be based on the existing age of theA"

trees.

4.2 Rubber Ihdustry Master Plan (RIMP)_Study'Datg

AAs mentiongd in Section'3.2 one of the terms of reference of.the RIMP Stuay was
éthe requirement to prepare an inventory of the rubbef area :in tgrmé of
éagro-edological regioﬁs, age yield levelsvand holding size (RubbérIIndustry Master
Plan Study, 1979, p.l.). Although some other surveys héve been carriéd out on‘the
sdcio—edonbmid aspects of rubber blantations, these shryéys suffer from lack of
information on Ehe.aée pfofile of the existing treeé, on the condition of the bark
and on estimated bark reserves. Therefore there.ﬁas an urgent necessity t6 obtain

data on the above aépects of rubber for planning purposes.
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4,2.1 Survey Methodology

The survey carried out by the RIMP was a t&o—stage survey. The first stcge was an
anaiysis of aerial photographs at abscale of 1:25,000 to determine the total‘a:ea'
under rubber in the rubber growing areas{'ThéSe‘photographs had.béen taken-in 1971 -
to 1975. The team has argued that the chcnges that had occurred in the last 3 co 7
years after‘the date when the photcgrcphs were taken would not affect tﬁe accuracy
of thé sufvéy’too seriously'in a tree crop such és rubber.‘However.this is af
COntrocersial‘point gince dufiﬁg this pe:iod»femarkable changes occurred in the
plantatioh sectcr,és a resultlofrthe Land Reform Laws'of'1972,and 1975.

The second stage of theFRIMP éurVey was a ground survey of a sub—sample of the
afeas seieCted from the aerial photo analysis. This collected cﬁrfent‘infcrmationv
on the condition of the rubber and detailc on che distribution of holding siiebaﬂd-'

land tenure.

4.2.2 Sample Frame

The‘establishment'of a cample frame isAessehtial for estimaces of popcléticcv'
characteristics to be established from sampie data{ Thc sample ffame of the:RIMP
study was based on the land use maps produced from the'detaiied land use survey of
1562/63. This survey was based on aerial photographs taken in 1956. Since the
rubber area has‘beeh contracting over a per iod of‘yeats,Athe RIMP concluded that the
land use maps would.provide a reasonable frame, which wocld incorporate all current
areas under rubber; Hence all rubber a;eas,shown in land use maps were shaded and
overlays reproducéd indicating their distribution, within revenue districts;';n
these maps 'significant rubber areas' were identified,.which contained a high

density of the shaded region.  Lastly the survey frame was identified as the
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'significant rubber area' within a revenue district, which in statistical terms is

a 'stratum'.

4.2.3 sampling Procedure

Although the RIMP explained the procedu;e they used és aiftwo—étagé sampliﬁg';
ifycould perhabs have identified an additional third stage. Theifirét étage was to
select a sa@pie’of photographé éovering the significanE rubber'areas'and>tbeisecond
to select a sﬁb—sample'bf photpgraphs from the first selection. The"BIMP has nqt
: ;evealed‘the third stage separately, which selects the sites fof ground survey

work. The imposition of this stage unde? Stageva6>is inéorrect,since»different
v procedurés are adopted. In order tO'Qelect the‘aeriél photo sample in the fifstl'
stage, a series of aircraft flighflines were drawh‘&on ové;lays sﬁbwing ~tﬁ§
significant'rubbéﬁ'area and the.pbsition qf eachbphotdgraph‘waé shown on the
flightline. There were séme overlapping photogfaphs due to the direction of £he
.flightlines. To.avoid this, photographs were 'sized’ iﬁ.bétéhes and’a‘éét‘of;uhique
frames for the ground survey produced. Then phbtégraphsvwere seléctédAat’fandom 
from the significant’:ubber area in éadhAstratum.AThe number of samples of each
stratum waé dependent upon thé proportion of significant rubber area of the stfatum
: as'é proportion of the signifidant rﬁbber area of thg iéland.v The photographs
sampled represent 43 per cent of the significant rubber area in thé nine.revehue
districts (stratumS); .The sampling prodedure was with replacement and "ith,
probabilities proportional to size (PPS) measures.

The grdund survey waé carried out by selecting>a sub-sample of photographs ffom
the sémple alrgady selécted for aefial photographic- analysis in the first.stage.
The procedure adopﬁed to select photographs was élso-randbm and with.replécement
and with probabilities proportional to.size, from the sample assigned to é stratumr

In the selection process, some photographs with a density of less than 10 per cent
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of'fubber areé have been eliminatéd. Here‘again the numbe? of samples Qés based on
the significant rubber area of the’district as a proportion of the total.

The thirdvstagé of the sampling procedure was the selection of‘éitesvfor”
enumeration. The sites were selected at random with replacement but not with
probabilities proportional to size as in the Ewo earlier: stages. A numbér:of éoints
We:e’identified fdr'enumeré;ion'by réferenée to a grid framelove:laid‘on the
phqtographs. The size of the grid frame varied acco?ding.to thé sizing précedure
followed in‘.ofder‘ to make each photo-frame unique ‘wiﬁhout 'oée;lépping., The
sampling within each photograph was based on‘the e#pectation that én'eﬁumerator
would visit approximately twenty sites per day. This leads to a biased selection of
samples since it;iS~bésed Qﬁ expeﬁtatioh rather’than‘seiection on a pugéiy\random
‘basis. |

A summary of the‘sigﬁificént fubber areas, aerial photographic cbyerage and éhe
ground survey»are_presentea‘iﬁ Table 4.1.

Significant Rubber Areas, Aerial Photographic Coverage
and Distribution of Ground Sampling Points

District Significant No.of First Stage Second Stage“ Third Stage

Rubber Area Photo- No.of Area (B) as a " Sample % of

(ha.) (A) graphs Photos Covered % of Clusters % Points Total

: Selected(Ha.) (B) () ' of : ’

for ' Total
Analysis

Kalutara . 135970 164 112 68275 50 14 -17 236 18
Kegalle . 138540 ‘176 101 61650 44 16 20 281 21
Ratnapura 126135 140 88 49925 40 . 14 17 249 19
Colombo 134927 167 100 60650 45 14 17 - 205 .15
Galle ' 118347 131 ‘86 54700 46 10 “12 153 12
Matara — 52831 68 36 21800 41 3 4 47 4
Kurunegula 38940 47 30 16975 44 4 5 52 4
Matale 22040 ~ 15 7 4462 20 3 4 46 4
Kandy 26696 41 11 4862 = 18 3 4 36 3
TOTAL 794428 - 949 571 343299 43 81 100 1305 100

Source: Rubber Industry Master Plan Study 1979.
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4.2.4 Estimating Procedure

'The'ahalyois of aerial»photographs was undertaken by the.Sri Lanka Survey
General's Department. The sample photographs were analysed u51ng grid point
overlays which con51st of an average 96 p01nts, at a scale of 1: 25 000.

‘In the ground SUIVGY[ 1nformat10nvwas'sought on characterlstlcs of the:rubber
area, inoluéing physiCai condition éf rubber, agé, tapping status, bark consumptioh
ahd estimated remaining life, clone:tyPeAand physiCal‘oharachéristics of sihes,.in
addition, details were collected on location, ownership,_regishfation and extent of
rubber etc. The inforﬁation:collected from 13057samole'pointShwas-otocessod by
oomputer showihg both the results of tabulatinglsample dota:and:the grosséd,up
p0pulation figures (Robhei Industry Master Plan, 1979, p.6f.APopu1ation.déta were
. derived from the sompie by applyihg’two scale'factors:'the>first to ailow for the-
scale of photography and the second to allow for the sampllng fractlon of the
photography as a proportlon of the 'significant rubber area' |

The p;ocedure,for grossing—up the»pOpulation.flguresvfrom a thrée—stage sambléh

of this nature could be illustrated mathematicdlly as follows:

The estimate of total area in the jth stratum

=3

'——J
o>

)

ij , " R . (4.1)

_ Where, Aj = total significant rubber arearin‘jth stratum
tij = total area of ith photo in jth stratum
aij'¥ area of ith selected photo in jth stratum

nj = number of photo selected in jth stratum

Since €. n,

gij ©(4.2)
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t total in gth grid of the photo in sample in jth stratum

gij

I

n

gij number of grid areas in sample from ith photb.in jth’ stratum The

tdtal equation could be expressed by incorporating equation (4.2):

The total'equatiQn:could'be expressed by incorporating equation (4,2):

A n

1 ' i3 o« ot . - o
Tj - - 5 va] - J T gij | ‘ (4.3)
301 %43 "gi | | '
since,‘ aij - agij
n, .
1]
T 1 i A, ‘ . :
s = = 7 : z t .. .
I+ ¥gi3 Taij | ' '

Where a ,., = area sampied in gth grid, or ith photo in jth stratum.
Finally the total area for the island in the nine revenue districts:
9
T = I T,

j=1 7

(4.5)
If the RIMP Study adopted eithér two—stage sampling or three-stage samplihglcor
multi-stage sampling),‘the procedure would have been similar to the above'eqﬁatiOn
->8ystem. However tﬁe grouhd éurvey 6f the RIMP Study was carried oﬁf‘only to
‘determine‘the‘chafactéristics of an already calcuiated a;ea.‘The reéults of‘the'
ground survey wefe in the form of ratios, with error estimation; which were applied
_to the rubber areé estimates for each district. The area was calculated ffém,thé
results of aerial photégraphic énalysis carried‘out by the Departmeﬁt of Survey éf
Sri Labka. However sincerthe ground survey was not used to determine rubber aféas,

upon reflection the whole survey cogld not be described és a multi-stage sampie
procedure. 1 This could be a mis-identification and~mis-interprgtation oflfhe;,

sample procedure.

Private communication with Commonwealth Development Corporatibn (cnC) .
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4.2.5 Limitation of RIMP Survey and Data

The major prdblem encountered in the RIMP Sqrvey data‘is the possibiiityvof
using sample parametérs‘for estimating population parametérs.Z‘The lack of‘Ciarity
in the text of the répéxt and tﬁe‘fact that the ground survey and_area'wére»noti
directly ‘linked witﬁ each.lother has. creafed Vsevere difficdltiési fof ,fu:tﬁer
analysis. Additionally, repetition of marking ihe same area in the :awidata; lead
to éver-estimation'OE thefafea iﬁlRatnépura Distfiét. In facg:Rétnépura Aistrict,
amongét the four main districts, had the highést ﬁroportion-of state owned rﬁbber
in 1argeAhdldings, which is not exactly true in reality;'Thereforé the use éfvthis
sample data to grbss up population values Qas misleading.

In order to overcome'these.eSfimation problems, thé values for.equationb(4.4),
for different étratums have been assumed on a fbeszguess;bbasis, based oﬁ the
significanf' rubber areas. . These values give the weight for ‘éach stratum.
,Application of these weights to thé sample data‘baS‘enabled.grosséd;up-popﬁlatioh
vaiues to be'calculated."Althoﬁgh this prbcedgre is nbt exactly aécﬁ?até, it has
been necessary to pfoceed in this way, in’ordet tp compyete this studyAiﬁ ti@e;

The other main.limitation upon this study. is iagk of infdrmafién on stockr'
depletion which occurs as a consequence of extraneous Qeathet'éonditions,_diséasé(
.and deliberate decisions made by farmers to;uproot‘or abandon the old rubber trees.
| Inraddition.to these two main sources qf data, the age-specific afea data givenr

by the Rubber ReséarchIInstitute of Sri Lanka was also examined;'Since these data
are alsbvbased on‘the‘ﬁubber Controller's data, no significant difference could be

observed between them.

2 -
The data of 1305 questionnaires were provided by the CDC in a tabulated hard copy
format. This was re-typed onto magnetic tape for analysis on the Joint Schools
DEC10 Computer System at the Australian National University.



CHAPTER 5

METHODOLOGY

Anderson (1974) pre’cisely‘ defieed 'simulat!ion' as )the' numer ical manipulation of
a symbolic model of'a;system over time. Accordingtto Morgenthaler (1961) Simulation
in a broader sense, means to dupllcate the essence of a system or activity w1thout.
.actually attaining reallty itself. Naylor, Ballnky, Burdick and Chu (1966) deflned
simulation_as a technique that involves setting up e_model of a real 51tuat;on and.
then performing:experimects on the model. This is an'epplied'and usefu1 definition
which hlghllghts the essential phases of modelllng and exper1mentat10n in
operation. Although 51mulat10n has been defined in terms of both modell1ng and
exéerimentatlon, the models ;nvolved are not ba51cally those of recogn;zed
programming techniques such as linear programming,bmathematical‘programming and
budgeting.' The'mathematicel pfogramming mddelslare encompassed-by’simclation}‘
because ofithe rlgldlty of model structure and the dlfflculty of lncorporatlng
dlfferent aspects of the data into mathematical programmlng models.

'Systems analysis{ is used to describe the corresponding steps in the simulatiopv
of a particular system;'This is the technique that is used to solve complex
decision prebleﬁs by following the cﬁanges over time in a dyhaﬁic model cf a system.

Simulation models can be divided into two groups:

A) Predictive simulation models

B) Mechanistic simulation models
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The predictive simulationvmodels are used to provide pﬁedictions relating to
alternative options under study, while the. mechaniéticvsimulation models are
‘concerned with assisting in understanding the simulation. Both of the models can
take a number of forms, one éf the most popular épd widelyjuséd isvcomputer based.
Although the‘computer"is not eésential in'simulationAmodellinQ, computer based
simulation models permit more«formal,considératiqn of the inforﬁatioﬁ peftaining to
a decision. |
Thé mode14Chosen‘in tﬁis sﬁudy is a computer based simglatiOn mode1;~whichv 
incorporates‘alternative options>of the rubbef replahtihg poliqies_in Sri'Lank&.
It is conéerhed with the further~implicationsvfor Eﬁe aréa ané prdd#ction. Heﬁ;e,
the model adopted here is a predictive type simulation médei; in that.if ptediqtsx
the 6ﬁtpﬁt of the system given.the 'inputs' to ité ingeiaéting'subsystemé,
| The’wholevproéess of siﬁulation‘cénsidered in this: analysis consists of a few
clearly defined steps. These steps arébin£er1inkédkwith eaéh othet,7as showﬁ in
Figure 5.1. The geheral methodology of the simuiétion quél is illustrated in thiév‘
figure.iThe méip feature of this is the feedback to any previous stage, which is a

characteristic of most simulation studies.

5.1 Objectivés for Modelling and Definition of the System

The objectiVe‘of this modelling is to predict the future area énd.productioh of V
grubber in Sri Lanka. This is a somewhat complex problem, as thé system‘invqlved in
the modelling for forecasting becomes complicated whén it inéludes the implications
'éf‘alternative replanting strategies. As mentioned inAprevious chapters Ehere are
~a number of factors which affect alternative strategies{ In addition, the
intentions of the farmers towards replanting wili aiSo have a_Signifibant impact on

the area and production.
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The Basic Steps of a System

Simulation Model

SYSTEMS DEFINITION
&
OBJECTIVES

|

DATA ANALYSIS
RELEVANT TO THE
MODEL

r—
1

MODEL CONSTRUCTION

____'_I_]l
L

1l
unl

MODEL EVALUATION

re

IR (

SENSITIVITY ANALYSIS

i

USE OF MODEL IN
DECISION SUPPORT

Source:  Dent and Blackie, 1979

— —




58

In order to define the system involved in this study, bitv is neoessary to
understand the background of the problem. The standara replanting cycle of rubber
accepted by rubber authorities in Sri Lanka is 33 years or 3 per cent of the area
annually. However,vthis hae not been subjected to any economic evaleation as such.:
There are few 1ndependent studies whlch attempt to evaluate the economic life of:
rubber. Jayasurlya (1973),>u51ng the evidence of his study, states that the opt1ma1 ‘
replantlng cycle is below 33 years.

In addition to that, the,farmers' decisions to replant are;notvnecessarily based
on government pollcy, but based on their attltude as to whether to keep an exlsting
stock of trees with a decllnlng income flow or replant 1n the expectatlon of a
hlgher future 1ncome. Therefore the w1111ngness of the farmers to replant is
crucial'amoné the list of factors 1nfluenc1ng replanting. The 51mu1at10n»model '
empioyed‘should:be shown to be able to capture this real situation before it can be
used for performing predictions.‘Sucn a'model‘tnen incindes the,two-essentfail‘
lphases of eimulation: modelling rand verification,"which then lead vto
exper imentation and providing futnre valuesf |

The detailed information required-from‘this model fn its first stage is tne"
'generation‘ of. population maluee for fnture areas by using éample_,data and
population weights., .The model becomes more‘complek when itigenerates,productiOn
values in the second stage. After calculating area figures, it incorporateé yield
functions in the model. At that stage the model should be capable of estimating -

respective production figures by'using age-specific future area.
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5.2 Analysis of Data Relevant to the Model

The effectiveness of the model is es.sen!:ially. -influ»enced by-_the strdc'ture of ’the _
model end its quantification. ‘The av'ailability of.data and the feasibilitir of
generating data for the future within the limits set are coetrolled by the mkodelb |
design to a large extent. |

In addition to t:he capabilik’tby of the model, ‘aflailability-of data is crucial _-to
the;whole‘mod‘el‘li‘ng exercise_. According to the objective‘sobf this study, the data
on area under rubber. cultivation and its distribution across -'ege—classes is
iequired. As mentioned in the bfevious chapters the data.collected by the ._sﬁry'ey
consists of 'age—specific‘area"‘s. Howeverb this 1s not systematic‘ time}-—Series'
information on age-structure, but it is a survey'conduct'ed at bench—-mérk in-t';ervals..
The'.praetical ’problem of mbdelling at this stage is “thus how to ‘integrate this»
1nformat10n with the- avallable time series data on yield, area under cultlvatlon‘
and producbt‘lon. The approach adopted in this model is to combine the data on
age-structure (th.ch was estlmated by the RIMP Study) W1th yJ.eld estimates

(calculated by ‘the Rubber Research Instltute of Sr1 Lanka and by the author)
endogenously wvia the sequence of new plantmg and - replantmg dec:.smns made by
farmers.

'Inb addition to that an attempt"ha.s» been made to focus on the historical
;reconstruction of age-structure esi:ima’tes, by using the‘ Rubber éontroller{s ennual‘
records and to develop forecasts of capacity solely frorﬁ the technica.l froduction
relations be.tween age-structure and yield. However it was necessary to exvc._:rlud'e _ﬁhe
Rubber Controller's data from the fina‘l.model bec':ause‘o-f‘ the unavailability of data.
on stock depletion, caused by weather, disease, and other natural cadses.' Tt_xe
Rubber Control_ler‘s figure‘s n’lake no provision for the mortality of trees prior to

the  intended year of replacement.
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5.3 Model Construction

Before proceeding to the'construction of the mbdel it_ls reasonable to ask
whether it is eSSential tc build a simulation model or are any other approacheé
‘possible? The' hature of this studf suggests that it ls indeed necessaryv to
construct a new»model father than attempting to modify earlier stﬁdies to:answer
the problem, for two reasons. Flrst, because of some quite unrealistic assumptlona
regarding replacement decisions and secondly, because ‘a new body of data (the RIMP
Survey) has become available. It is a data set which. hlghllghts some of the
probleme a55001ated w1th the data used in previous studies.

The task of modelliqg a simulation to suit a problem ccnsists-cf~theemdlti~5tage

procedure shown in Figure 5.2.

5.3.1 Stage One - Diagram of the System

The general idea of this stage is to promote systematic and clear thinking about
the system under study.'Thus iﬁfbrmationAflows are presented in diagrammatic form
in ,Figure' 5.3. I£ is very easy to understand ‘the sub-SYStems and = their

interfelationship with other sub-systems and the main body from Figure 5.2.
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Figure 5.3
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This first presentation of the system is general and is concerned only with
identifying the major sub-systems. As impliedfby the interconnecting arrows eachf
of these sub-systems influences others. So both the subsystems themselves and the

links between them must be examined in detail (Section 5.3).

5.3.2 " Stage Two - Déta Search

. This stage represents a quantification“of the diégtammatic model dévelopéd in
Stage One. Limitations are usually found in'the existing or pofential data base.
The seriouéness ofvthese depends on the ability_ahdlfacilitigs‘to éenerate ﬁewv'
research déta for the'mbdel. In this study there is no fleXibiliiy.sinCe the data
.wére collected fbr‘other reésdns and there is no possibilitylof éoilécting further
déta for this particular‘ e#ercise. In order to- overcome. these -limitatioﬁs,'
avaiiable-éata‘was modified in an objective way tOFSQit the @odel déveléped.‘As
mentioned in the brevious'chapter, the major ﬁodification (and’limitafion) w;s:in
grossing up population figurés’from fhe éample data. This was nedeSsary;becauée of
the'lack_of.time and funds to coilect‘data-éspecially for thé reQﬁiréméntS of this
model. |

E The procéSs of quantifying the conceptual basevof this model and'téfiﬁing‘this
quantifidatioﬁ willrprocéed from this stage thrbugh to the final stage. It is
actually a continuous process which involves intéractions witﬁ other steps in
c§nstfucting the simulation modé]i and achieving final éuidanée for planning

purpbses from the. completed model.
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5.3.3 Stage Three - Basic Symbolic Model

The model construction involves not only the-building of a model, bﬁt the 
preparing of the model for computer ¢oding; At thié‘stage-it is neﬁessary‘éoi
describe theidetails of‘fhe model,in order to build up a coﬁp:ehensive'pictufgbof
the evénfual:nmdél. One of ‘the major factors in this is the introduction of
'tiﬁe'intq the model.

There are different ways in which time can be bﬁilt into the model. One metﬁod’is'
the fixed time unit basié; 1f time is advanced iﬁ.fi#ed unit basis it is knowﬁ as a
‘timé~step§ing'btype, ‘Here timé'moves forward with ﬁhe éame intef&als from the
Asfaft of\the simulatioh to the en&. Projected‘even£§ occur and the rate of chénge'
takes place only within the fixed timé pe:iod. The basic‘time notation.used in this
typé of simulation ié illustratéd in.Figure 5.4. |

‘Thebpresent'time_(defined as ft'),in this.model is 1978, because the main data
set was collected ip_that,year. The fixed‘intetval (ﬁt)‘on éithgr sidé of ;t! denoted
by 't-1', as oneuinterval before ;t' and 't+1' as pne:intetval'latef thaﬁ t, which
is one céleﬁdar fear. in the pfocess of.p;ojecting at time 't' (of year 1978)‘
various calculations are carfied»out and then wheﬁ these aré cbﬁpleﬁe time adﬁances
one interval to the tight. Once that happens,‘the"t+l"becomes 't' and what was 'E‘,
becoﬁeé.'t;lf;"Agaih at this stage all the necessary calculations are,gérriedfout
5efore moviné to the next time stép. This séme ptocedure is fbllOWed until the

defined terminal date.
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Although all projections carried out in this study are based oh.thé pte—defined
period ofvsingle year intgrvals, for convenience ofvpfesentatibn many of-the
results,are‘presented in five year intervals.‘ The time interval'selected-was’
directly related to the likely level of detail required'fbi policy deciéi@ns}:i

Thé"time—stepping method'2 has been chosén for this modélling exercise bécadse '
although replanéing and uprooting rﬁbber occurs'fégularly,,ahnuai_records are kept.'
for planning puréoses. | |

'The eguatioﬁ form of the model can now bé' éstablished on the ‘assumed
'tiyé;stépping‘ basis.3 |

The planting decision in a particular year of 't' could be expressed in linear

form as, -
a =X + e : ' ' | ' 5.1
t,o —t,ﬁ t,o ) e . (‘ )
Where,
a, = = area of age zero in year e
-t,o .
Xt = a vector of determinants of planting in year 't'
B = parameter of the vector
2

The alternative method of representing time is 'event-stepping', where time
advances by irreqgular intervals. This is used where there is a difficulty in
determining the size of time increments. Under this the system is static .over
certain periods of time and time skips from one point to the next, when the next
event occurs. The simulation system of queueing . is commonly used for = this
procedure. ‘ - :

The followlng discussion draws heavily upon the personal communication of
Dr. Michael Hartley of the World Bank with my Superv1sor.
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0 = réndom'd#sturbahce
In order -to predict total area and potentiéi cutput it is necessarfvto‘éétimate‘
nét only the total area under rﬁbber, but also the diSEribution Of,thisiarea’acrggs
age-classes and the associated‘yield of each age—class{ Thué ideally-thefmodel
attempts to endogenize the detérmination.ofiége structure aﬁd Yiéld; . |

‘Equation 5.1 determines the historical sequence of area planted'in'eaCh year.

The simplest appfoéch is to assume that the area of age 'j' in years t, (atj) is
' equal to the area of ége j-1 in the preceding year.
Thus
at,j = at—l,j—l esesy ] =,1,2,3,....t. . , - ; (5.2)
Since
%65 T %t-3,11 | L e e e Be2a)

Equation 5.2a implies that 3, 5 is idehtical to ‘the area planted in year t-j, ie.
r ‘ -

a ., = a, ..
trJ t-3,0

. Therefore it is possible to determine the age structure by the
historical sequence of previous planting. However, understanding the sequence of
new planting each year provides only partial information on the age-structure in

- production in future years; The area of age"j' in year 't' should be less -than the

same area previously planted in year 't-j', due to depletion of stocks.

a'. : :
£, < at—j,o. (5.2b)
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Obviously from the area of 'existing trees some may be depleted, either:
deliberately or as a conseqUence of diseases or pests; drought, rain and wind
damage. Therefore the knowledge of new plantlngs in previous years gives only one'
‘51de of - the 1nformatlon about the surv1v1ng trees w1th1n each age class of the
current»year.‘ In order to overcome this problem, it is 1mportant to ascertaln the
effects of weather conditions and other varlables on the rate of stock depletlon.
It is necessary to undertake a detalled study of agronomic llterature of the crop
" under study. - However the lack of time and ava1lable resources do not allow such ;'

study. Equation 5.2 may be modlfled in order to capture the annual depletlon rates;

‘atj = 9 1,541 +,et,j ‘ = - | I ' i‘ (?lZc)'

0< 6 <1 ' ' '
l_Where

| ® = annual average depletion>rates

et;jl= random disturbance, J=1,2,3,....t.

Although the depletion rates may be subjected to change across different age
classes within a given year, in this equation it shows as constant each year. This

could be overcome by introducing a vector Wu,

N of determinants OEathe‘annual'

cepletion rate which -wouldv include weather ‘and disease condition" and price:
expectation. A » |
at'j = Gg at—l,j-l + et,j where 7 . -‘ o ‘ A ‘ -(5;25)
8, = £(W_;p)
, Wnere |
%t‘; a vector of annual'depletion variations
p=a vector or parameters
f denotes‘ a ‘cumulative distribution function with a domain in the

unit-interval
Since the factors affecting depletion have a differential-impact on different
ages, a realistic model forvdepletion requires age-specific depletion rates. Some.

factors like weather and disease are very crucial during the immature age of trees,
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Taking this into account, Equation 5.2d becomes:-

a = e’

: La, .. . te, . ' - o 5.2e
Wheré
e-t i = f(Wt,j;pf now influences both (t) and age (j);
' ) .
The total area under cultivation in year 't' is determined by,
A - Z (5.3)

. a .
t 3=0 t,3,p

Where J

1

oldeét trees in &ear ‘t"
and p, = rubber replanting policy
In the process of estimating output (production) baéed on the grea estimations,
the model requirés da;a on the‘actual yield associated with the agé-structure{jAs
noted in Chépter 2 the main source of variation in‘§ield over the life of a rubber
- tree is the age of the tree.,The éverage'yield per hectare for the Stock of rqbbgr
of age 'j“ié dénoted by tbe yield curve, given in‘Equation 5.4. ; |
Yé}j»f 2 S o o (5.4)
for 3= 0, 1, 2, ..oy t. | |
“The pattern in yiehi_pér‘unit of plantedAarea yj>0ve: time reflects the
- distinctive pattern in yields per-tree;4-prever the yields for a given éiéa
exhibit QariatiQns from year to year due to chapges in metﬁods of culﬁivétion,‘
weather conditions, diseases and market conditions. Theréfote anyl modelling
exércise.of yieid should iﬁcorpofate the influence of thése variéfioﬁs. The yield
equation then becomes more complicated with the inclﬁsion of Ehe»age—specific

effects of '0' on yields:

Y. =Y. + 2(35,8:Z)H¢t, 3 o - o . (5.4a
t,3,p gp v T _) rJ C ( )

4 .
Further details of this nature yield curve see Behrman (1968).
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“Where
g = functipn explaining the effect of variations in thé oSse:ved determinants
8 ='differehce of actual yield from normal levéls in year 't'
"2 = a vector of parameters |
i £ = rand0m>disturbaqce‘
| p = replanting policy

Therefore the potential output of the‘model‘COuld be expressed. as theAptoducts
of area and yield per hectare over the overall age classes.

J . » : )

= L. oa .Y . : R : (5.5

%p 7 320 %t fege - (5:3)

This potential output obviOusly.deviateé frém actual output. due to producér

pfices, wagé rates, availability of labour and weather conditions. If the model is
.modified to capture such possibilities the equation of the linear model becomes:

o) £ = Qt + Vt’d + M » _ . : ‘ | (5.6)

- Where,
V. = a vector of determinants of such differencés'with associated co-efficient
ERF L

u

i

" rapdodeisturbancé‘.

The model presénted:thus far is general and its applicationrto the forecasting
of_rﬁbber area aﬁd»prbduction will‘depend,cruéially'upon ﬁhe availability’of data.
Dependiﬁg on the accdracy of -data ﬁhé.following érrpr of output anctiqn could be
minimized. _

n *

o ] | o . | - N |
ERROR = L) [0, - @] | - (5.7)

The application of this modél using data éollected,from_diffe:ent sources. is

discussed in detail in Chapter 6.
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5.3.4. Stage Four - Computer Application

The next.stella is to implement the basic symbolic mpdel by‘computer ap_g‘ilicati;on.v
- Although there are special purpose simulation 'langtiag;es, it was decided ﬁo.usé
FORTRAN '(a‘genera_l,purpose ianguage) r beéauée it is a widely .understoovd coc"ie. 'fhe ‘
»respectiveimain piogrammé of the modei is presented in Appendix I. A striét modular
appfoaéh td the programining of the model aliows’adapt_:ion” and ex’panSion} as requi‘.r'éa.

We have so far discussed the va;ioué aspects of cohstructing the model. However
it is'virtually impossible to build a realistic simulation model unless .stoc'hast':icv_
elements are included (Mihram 1972) . The terxﬁ 'stochastic' is used to desciibe both
uhexpiained eiéments' and évehfé which are randéni, eSpeciaAlly in a p;edic.tive model
of this nature, which is pérticulariy concerned éb'out an uncertain ahd Vrisky
fﬁture. Anderson (1974) pointed out that simulatibn models Which are the most
flexible and least confinéd of symbolié models; éan ac‘cqmodaterr stochasticity
eaSily and directl&. Accordingly such a model will ‘oftver; find favou;‘ over more
restrictive and ’léss—easily stochasticised modelsr"’whenevver refined and versatile
'modelling‘ Ais~ undertaken. If uncertain_ty is included in the model structure it
reflects the degree of understanding of the real system as a decision support role.

Héwever ‘the inclusion of stochastic elemehts into a model at times ;create's
" confusion about the systém and reduces its acceptabiiity. Thereforg it is better t“.O‘
intl;Oduce deterministic el'eme‘nts into_. the model initially and then introdﬁce'-
stochastic elemeht's where déterministic models: are found to be inadequaté. ‘The
xﬁodel_ used in this analysis is alfeady an advance on previous attempts to project
rubber areas and output. It is felt that the objectivgéof this particular
mbdelling exercise can bé-st be achieved by using a deterministic basis 4wh"ile
suggesting in thei concluéions the ‘mechanism ar;d. data requirements needed toA

introduce uncertain -ty into extensions of .the current model.
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The quél adopted explicitly inclddes the changes occﬁrring_in status and output .
variables over timé, These changes afe'partly'determineé by the values of the
exogenous vériablés in each time period, so it is clear that réalistic vaiues fpr'
the exogenous variables must be provided‘in the model fo; each time period.‘This
does not mean that the model. is attempting to predict 1exacf vaiues"for futufe'
rubber area and'production. These ﬁime éeries 6f exogenous vaﬁiableé used in the -
model .reérgsent the‘ enQi;onmenﬁ, taking account of knownf'patﬁerns: in and
interactions among fhe Vafiébles.‘ This rep:eséntétivé Seriéé_ié obtaihed.by_'
apﬁlying information from the RIMP‘survey_to thé éttudfures iﬁ the model and -
generatihg tepresentétiVe time-series data. However these data of course may never

occur in the real world in exactly the sequehce generated by the model.

.'5.4. Model Evaluation

The evalﬁation of the model'is a two-stage process with two different pqrposes;
Model verifiéatiqﬁ | '
Médel validation.
Tﬁe model verificaﬁion is concerned with the”testing of the model, whereas theA

validation phase assesses the model in relation to its prescribed use.

5.4.1. Model Verification

In practical térms the verification process is used to comparg the model with
the cur?ent’understanding of feality. In order to adhere to this, the_modél.has
been executed with given input data and with préscribed exogehous conditions.,The'
generéted output of the model is fhen used to assess its functioning ability. This
hasAbéen.déne without introducing Stoch;stic elements. Dent and Blackie_(1979f
have explained two sets of techniques.to evaluate_and'correct a modél, known as

'antibugging' and 'de_bugging‘, Actually the above two terms are éomputer
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programming ja#gon; the inclusion of a 'bug' in a programme makes for inconsistent
behaviour and préduces wrong answers. Incorrect daté are among the ﬁost common
éauées of bugs'in simulation models, conSéquently the exercise of ‘'debugging'
involves traciné the cause of bugs and their removal. fénti—buggingfvis the,prbcess
of preventihg the océur;ence»of bugs.ﬂIn the.model déveloped in this exercise ﬁhe

programme itself hés‘devices_to indicate 'bugs', should they'ekist.

5.4.2. Validation of the Model

Validation is not so much conce;néd with the correctness of the model,'uhlike
verification, but is concernediwi#h Qhether it is effective or spitable"férithe,
specific purpose for which it Qas cbhstfhcted. |

In fhe 1iteréture on éimuiation, thtee_fundamentalkpositions have beeh;preSehted
on the issue of validation procedure'(Naler et al, 1966). Among’thém the_'positivgv
step' is importéﬁt in this exercise, 5 which accepts the validity of a model, if it.
is,qapablg of accurate prediction, regardless of the internal st:pctufe"Undérlying
| the logic of the'ﬁodéi. échr;nkjiﬂolt (i967) proposed that:ﬁhe ohly critérion for
model validation - is its 'usefulﬁeés'.' Naylor and Finger '(1967) suggést a
multi—stagerprocedure which tests'a selebﬁed1numbef of structures fdrffqrmal
.empi;ical assessmént,'but not all the structures in a médel. Thié»procedﬁre inés
‘eqﬁal*Weight to the validity'of the-hypbtheéis.used for the ﬁodel sgrgdture‘ahd the
predictive capdbilities of the_médel. | | | |

~ The. sﬁbjectivity of all validation procedures has been emphasized in 'tﬁe 
1iteratdre,' which arises essentially: fronf_the human limitation ‘to‘ knowiedée,

especially regarding'the behaviour of systems. In a situation where a subjective

5

The other two positions are the 'rationalist step' and the 'empirical step'; The
rationalist step ensures that assumptions are in accord with the theory and the
'empirical step' subjects assumptions to empirical testing.
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apppaisal is the basis of validation, it is crucial that all the conditions of ihput :
to the model are detailed over the simulation time. |

If statistical testing is considered for validation, there are somé‘sdugces of
real data for comparison. The historical data already used for model building could
not be used in this exercise since it was used essentiallykfor verification.
' Therefore the data espeéialiy genez;'ate_d‘ of collected for val’idavtion are,moist
suitable. In this e#ercise tﬁe data for validation'have béen éolleéted by tﬁo
methods.'_One methdd iS tp generaté data for the past using_a:'cténkingiback;
forecasting mddél. These data_generated from the model from past periods can be
coﬂpa:éd with the acﬁﬁal historical evidence ébOut theiareé and production‘§f'
rubber. 1If thé ‘Qeneratéd, values are idéntical to  histori¢a1f data under fhe ‘
replanting.policy investigafed, it can be cdnclﬁded that the'above‘pélicy is méré\
approbriate aﬁd the performance éf the'modél is accuraté. The pfeaiction made by
,thé hodel qndef such .a policy could be accepted. |

The second mgth&d of validation used in this analyéis ié compérison with'£h§
other estimgtions pfovided by research institutions ahd brganiiationsb'fhe;e aré'
' few such sources of estimation available, and‘it'is intended to show théir,iimited
USefulneés_since they'ate based on highiy resfrictive aSsumptions;rl

The comparison of genefated data and the data used for validation can be carried
out in two aifferént ways. A set of graphs could bé producéd-comparing both‘
diétributions. The second way‘is statistical testing of the model output. In thé
.literéturé‘ghere‘are a number of reviews of statistical tests for vaiidationbﬁhiCh
have been suggeétéd (Mihram 1972; Naylof & Finger 196?). |

‘One simple method is simple regression analysis.bétween'the mean mddel 6utput
and real system measures. This is. perhaps useful in deterministic models where a
" linear regfession is fitted and a model provides a line'with the intercept and the
slope. The second method is testing hypotheses. Since the hypothéses that are
simulated and the real recorded system output have the same type of distribution, ’

it is possible to perform goodness-of-fit tests. It is also possible to formulate
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two hypothéses,‘ null - and alternative, and. test each. 1In ‘adéition»'to tﬁis
goodneés-offfit test, the COmmén tests like chi-séuaré test and the Smirnovﬂteét
could also be applied. Theb interpretation of results from statistical tests are
discuééed in detail in Chapter 6. | |

Validation:is a crucial step in the‘modelling exercise, and it is a continuiﬁgi
‘series of assessments into the commissioning stagevéf thevmodél's‘life, When iﬁ»is 
verified that the behaviour ofithe médél'is éatisféctory ﬁhe process of validatioﬁ”l‘
is ovéf..' | | |

As mentioned‘eailiét numerous stétistical‘tests are aVéilable to determine_
whethe;'the modgl's>behaviour is différent from tﬁe>reai syétem, to somg,leVel of
significancef The acceptable ievel of confideﬁce cogld.be aéﬁieved»by a éeries qf
éséessments and quifiéation proéedures.cThe'feedback prqée&uré given ‘in Eiguﬁe
5.1 is:crucial in this exercise. | |

rMbdél»’évaluainn is an impbrtant ’part. of 'model—building 'énd_ applieatioﬁ.'
Howeve? the model mﬁst be_built'with.allowancé_to‘mbdify it if necessary during

evaluation and its subsequent use.

5.5 Sensitivity Analysis

Anderson (1974) stated that 'sensifivitj. anélysiS’ is the teﬁting of ‘the'
robustness of a model through recognitibnvof its impe;fecti&ﬁs'.‘This involves
ekploring the operation and performance of'the model. Changing a parameter.mayi
result in changing ogtput and this will be ahaIYSéd by sensitivity analysis EOf
determine whether or not thé changed parameter values are crucial for changing
output. If_sensitivity'to-the given~parametér is insignificant as far as the given.

model is concerned, the model is said to be robust.
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Sensitivity analysis is concerned with discovering what happens when an unsure

parameter is changed while others remain unchanged. When there are several unsure

parameters and the procedure of adjusting these one at a time can be applied
effectively, there remains the need to keep in ‘mind the limitation of ignoring
possible interactions between un‘suie parameters.

At times sensitivity ahalysis can provide guidelines for vaiidation as shown ‘iri

Figure 5’.1‘, suggesting feedback between stéges 5, 4 and 3. :Thié; happens if a model

is shown to be sensitive to particular aspects of a model design or data about which '

there are suspicions of inaccuracy.
Sensitivity analysis is crucial in the whole process of simulation, because of
its feed-back ability to the stages of model construc,tibn and model validation. In

addition ‘it is possible to redefine the objectives of the study if necessary.

Experience indicates that sensitivity analysis is an on-going procedure even when

- the model. is finally approvéd fo': application (Dent & Blackie, 1979).

5.6 Model Application

The ultimate aim of the system simulation pro(:edute. is to provide decision’

supbort as a élann'ing >tool in relétioh to the real system unde# study. The main

objective of modelling of this nature. is to assist in the closer 'undex.;standingro'f

the system. | | | v
Applications of simulation models are to be found at all levels of éggregation

of economic phenomena. Those levels include macro, micro and mixed levels. There

are also the more aggregative simulations which attempt to model future worl‘d‘

variables such as population, income, food. Most of such futuristic simulations
have been criticised on the grounds of methoddlogy, assumptions and data (Freeman

1973, Krenz 1973, Nordhaus 1973).
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The . application of the model developed in this chapter to predict the area and
production of rubber is discussed in detail in Chaptér 6. Further, the limitations

of the study due to data and methodoiogical problems are also>inve3tigated‘



- CHAPTER 6

_THE EMPIRICAL APPLICATION, RESULTS - AND INTERPRETATIQNA'

6.1 Introductibn

In the empirical application of the model five alternative replacement

strategies are examined. They are,

a) 26 iears’replanting Cycle;
b) 36 years.replanting cycie;
c) 33 yéars'feplanting cycle}
6)‘ 3 pef cent of.the area replanting per annum;
e) Replanting poiicy based on farmer's expréssedrintehtions’to reélant., 
The fi;st three strategies are bésed pureiy on the age of the plantaﬁion;:i.e.;f."
26, 30, 33 years. The results of thé analysis done‘bynJayasurija (;973) on ﬁhe
optimal replaceﬁent age under different tapping systems, discqunt raées,'.
'technologicalrchénge,‘subsidy, and>pmicéslshow§'that the economically feasiblé
.éyéle .is‘ below 33 years‘ under soéially énd privately determined .conditions.

Further heiconcludes, that the date of:replacement df rubber  under different
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conditions typic#lly_varies over thg range of 25 years fo 33 Yea:é. Thusvthree '
cycle lengths which are mainly based on age, have been seieéted within that range.
The selection of the 33 years policy ié particularly importént since the'curfent
official rubber replanting»scheme operates Qithin an impliéd,replacement cyclevoé
this length. Although this has not been subjécted to any detailed éconbmié ‘
evaluation, the pléns for the rubber industry,afe based §n_the,33byears ieplécémént':
cyclé as a basic rule of thumb. A crop cycle of 33 yéars impiies 3 pé; qen£ aﬁﬁuéla
réplacement. However, a major distihction must,be‘dréwn between avcyc1e'based on
age»and one bésed on arperCentage of the area planted. In the formef casé the annuai‘
replanted'areé depends criticaily on the céhort structure of:paSt‘plahfing. In.the 
jlatterbcase,,the_annual replénting depends onlyfon'the total‘a£§a uﬁder rubbe: and
not on the age structure ngthe trées. The rubber indﬁ&tky‘planners in Sri Lahka‘“
have not faced“up to this-fundamental distinction sihée alarm is,expréssed Qhenever
the repianting falls below 3 per cent with ho diséuSsion'as tq whether'this i§_'
simply because 33 years earlier fewer trees had been plantéd and/or replanted. An
» age;spécifié ;eplanting ’.policy will only 7 ‘match a cg:;espbﬁding
'pércentage—bf#aréa' policy, if the iatter pdlicy is in fact implemented evéry"’
year. ‘ -

The final strategy under invesfigation.is probabiy the most reaiistiquince it
is Sased on ﬁhe surVey resulté-of the intentions of the rubbe;,farmé;s_tdwards-
replanting. This was disﬁussed in'détail in ChapterrThree. Cléar;yrthe"intentions‘
- - of farmers are crucial ‘in reﬁlanting'policy decisiohs. The most significant'aépect,
of this procedure is its capability to capture bbth the 'infant' apd fjuvenile‘
morﬁality of the trees. In realiéy whatever the replanting strategy édopted;’it.is
aiéo important fo consider ghe premature 'death' of tfees dué,to'wind,”drdught,-
excessive rainé, disease of pests.

Table 6.1,\which is based on the surVey results, bears oufrthe contention that‘.
replacement sﬁould' be viewed as a probability distriﬁution rather than a

" deterministic fact. The cumulative distribution shows that 14.1 per cent of
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Table 6.1

Frequencies of Intended Removal Age

Sample . Relative - B Cumulative

Age
Frequency Frequency : Frequency
(Ha.) ) o .
0 81 o 0.586 ' - - 0.586
1 0 - 0.000 0.586 .
2 1 ‘ 0.007 0.593
3 27 ©0.195 0.688"
4 1 ‘ . ©0.007 ' . 0.695
5 0 ‘ - 0.000., . ’ 0.695
6 61 0.441 . : S 1.136
7 1 o 0.007 - 0 1.143
8 1 ' - 0.007 ‘ 1.150
9 ‘ 12 B - 0.087 o 1.237
13 ' 3 o _ 0.021 - 1.258
15 . . : 19 0.137 1.395
16 ‘ 1 - 0.007 o - 1.402
17 0 : 0.000 o '1.402
18 5 : : 0.036 o ' 1.438
19 - 1 : - 0.007 . s 1.445
20 ’ a0 . . 0.289 : 1.734
21 o1 : . 0.079 - = 1.813
22 . 52 ' . 0.376 : .. 2.189
23 B 135 - 0.976 - 3.165
24 129 : - 0.932 4 4.097
25 o 1385 : - 10.014 ’ © 14111
26 . 320 2.314 : 16.425
27 : ’ 488 - " 3.528 , - 19.953
28 587 4,244 ‘ - 24,197
29 S © 2517 : : 18.200 - 42,397
30 - 1657 11.981 54,378
31 - 3118 :  22.545 SR 76.923
32 : ~ 664 4.801 B 81.724
33 446 : C 3,225 . 84.949°
34 ' 306 2,213 87.162
35 469 3,391 . . 90.553
36 : © 137 _ 0.991 . 91.544
37 S 221 ' 1.598 , 93,142
38 I 215 ' C 1.555. , 94.697
39 \ 120 ' ' 0.867 95.564
40 68 c 0.492 ' 96,056
40&above . .. 533 _ 3.944 : :
. TOTAL ' - 13830 ‘ 100.000 © . 100.00

Source: RIMP-Survey Data..
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replacement is premature in the sense that removal has taken place at ages 1esa than“
that normally considered to be economic (i.e. 25.years); A further 6.9 per cent are
allowed to continue into 'old age' (over 37 years) and 3.9 per cent into 'senility’
(over 40 years).. | |

Before examining the implication of these strategies, the model is'evainated by
performing different tests, .whioh include Iboth':verification oand validation
processes.»At the stages of model.verification.and validation, an attempt ie made 
to aesess:the correctness of the model, Following the validation of the modei,
exper imentation and interpretation are considered mith the five replantiné

strategies. The results are then related to their policy:implications,

6.2 Model Evaluation

VThe‘two procedures of modei evaluation, verification and validation, are guite
distinct in praotice, and have different,purpoees. In practioal'terms verifioation
can only be achleved by selecting a sultable crlterlon with whlch to compare the
model output. Once we dec1de thlS, the next problem is whether the model, already
>construoted is an adequate representation for our purposes. This involves process

of validation.

'6.2.1. Model Verification Procedure

At this etage, model outpnt is compared with the current understanding of_the‘
real situation. The trend of the rubber replanting from‘the inception of Rubber
Replanting Suhsidy Programme shows a-declining pattern over time (see Table 1.4).-
The same declininp but cyeclical pattern is shown in the outpnt generated by the.
model (see Table 6.7).' without doing any comprehensive testing this gives some
indication that the model is a reasonable representation of reality. However,. this

is barely enough to ensure that the model confirms the correct representation of
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reality. Further this procedure is used to gain an insight of the model, by

checking the logic of the model.

6.2.2. Model Validation‘Procedure

One simple method of validation is comparison‘of the model Ourputlﬁith thev‘

available historical*reeords. The teet for model predictive eapacirybagainetrr
hietorical data ineelvee selectiﬂ of:an appropriate time'period for analysis. The
neriod chosen ia thie case is 1950—1978,‘sinee the Rubber Replanting Subsiay_Scheme
was introduced iarl953; Also this is the period that recordedfrﬁe largest area‘0f'
r replanting' since the inception of the Rubber vIndgstry. Furthermore accurate
- records werefmaintained during this period.
As mentiehed in' Chapter 4, the required starietics were:collected-from tﬁe
. Annual Administrative Report of the Rubber Conﬁro}ler, anq the Annual Economic r
Review of the Central Bank of‘Ceylon. The statietidal series chosen for»the
Qalidatiqn of the ﬁodel is the annual time series of the areaereplanted‘and’total'
preducfion. The mOdel output for the past period was generated by 'cranking’;the
‘model backwards. This is the only way to get past recorqa; since the data is’based
on 1978 eonditione; Additionally, this procedure is simp;e and accurate. The’lojie
.behind theeprecedure is to go back to the past in the same way ahd.under the same
policy that futurevvalues are simulated.. This has a dualApurpose.' first,-it
validates the model by eomparing ir with past records. Second, it ailows the:
selection of the mosr accurate'repiahting strategy fer future prediction purposes.
It is»presumed that the correct policy for future prediction is r“e one Which ines
past values closest to the actual records.

The set of unamblguous and generally accepted tlme-serles data on replaatlng for
the period of 1950-1978 and the model generated values for the same per1od are

presented in Table 6.2. Strategy No. 4, which involves the replanting of 3 per cent



Year

- 1950

1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
11961
1962
1963
1964

1965 -
1966

1967
1968
1969

1970

1971
1972
1973
1974
1975

1976

1977
1978

Comparison of Rubber Replanting Area with Model Output

- Actual
Replanted
"Area (Ha.)*

1837
1957
2253
2696
8091
8966
10127
10939
9290
8316
8030
8137
7546
6710
5658
5321
4846
5138
5392
5018
4257
3669
3719
3121
2899
3372
2606
2662
3603

Strategy 1
(26Yrs)

250
2804
1400
3400
5528

10726
2037
4543

10660

10743
4703

11806

16695
9140

17845
2717
5070
2520
2206
1010 -
4623

10265
1290
4509

- 1350
1993
1381
248
2803

MODEL OUTPUT (Ha.)

Strategy 2
(30Y¥Yrs)

3140
1450
5990
4173 .
. 5528
10726
2037
4543
10660
10743
4703
11806
. 16695
9141
7845
2817
5078
2518
2206
1007
2463
10265
1289
4909
1350
1993
1381
. 248
2804

Strategy 3
(35Yrs)

3142
1499
3995

. 4180
- 5530
10706
2037
. 4533
10680
10643
4723
11806
16695
- 9134
7846
1718
5078
2519
2207
1008 -
4623

. 10256 -
1289
4060
1350
1993
1381
. 249
2804

83

‘Strategy 5
(Intentions)

4035
1844
7112
4837

' 5766
11083
12084
14631
10858 -
10991
4776
11985
15948 .
9279
7953
2755
5146
2552
2236
1021
- 4681
6933
4305
4091
1361
2009
11989
2250
2820

* Source: Annual Administrative Report of the Rubber Controller, 1940.
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of the areavannually, is not shown as it just generates a constant amount'for each
year since’the total area is assumed to remain‘cénStent.:

The results are barely satisfactory with the model output comparlng not vety'
closely with the actual replanting records. The plots of the data generated by the
model with ‘the hlstorleal data are presented in Figure 6.1;_(a), (b), (c) and (d),
Although thisbproeedure is Simple, it providee a 'feel' for the sitnationvandeit is
a good basis fOr‘furthet anaiysis.,

Ihis in itself does not validete the nodel, sinee'it is alsotnecessarylto
demonstiate.that the data generated for the period éf ;950478 is realistic andAthe_
parameter values of this prediction can hé juetified. In fact statiStical‘testing
could be considered at this stage for futther compariSon. Among the eompteheneiVee
seriee of statistical tests available for validation, twe genera; approaehesgheve
been selected;"simple’regression’enalysis' and 'goodness.of fit tests'.

Sinple,regreseion analysis is performed between mean model Qutput:endAactual
past>records as peired observations.lBy using a>sub-ptogram scatterg;am‘ef the

'Statisticai Package for the Social Sciences, (SPSS)iprints a two dim~nsional plot .
of data'ptints( where the co-ordi-ates of tne pqints are the values of the aetual
area and genereted'outnut being eanidered. These plots indicatevtne relatipnship
of the pai;ed variables and the eqnation 1inee as shoﬁn in Figuté 6.1 (a), (b), (c)
and (d); Eech‘strategy predicts the area values, one different te the other, baeed
on the assumptions of life cycle(n

‘6nt of tne fitted regression lines a perfect model would provide a iine,pessingj
v.throngn the origin with a slope of one. It can be seen from Figuﬁe 6.1, that each
of the plots of the different strategies has a different slope and intercept. The
eata points are represented Ey astefisks (*). There are some extreme points in the
first strategy with one observation plotted tonards tne left-hand corner andionew'

: tgwards the right—hand corner of the diagram. Most of the plqts of stretegy 2 and 3
ate plotted unevenly. But strategy 5, unlike the others, showe a slight:

approximation to a 1l:1 correspondence,
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Iﬁ addition Eo-piotting, the statisticé associated with simple regreésion was
also computed. ,The dependent variable in this case was thé actuai réplanging .
figures, and each strategy was considered sepérately as'anvindepeﬁdeﬁt variablé;
. Further the. slope éndiintercept of the regression line, the Pea;son Product ;‘
_ moment gdrrelation ’ and standard error of estimation were aisé qoﬁputed.' TheA

results of this exercise are presented in Table 6.3.

Table 6.3

- Regression Analysis* among Actual Area and'Model Output.-

"Strategy~ Intercept (a) " Slope (b) R . .‘Standard 'R-Value
‘ : : ‘ error of -~ :
estimate
1 ©3619.5 0.356. 10.315 . -2258.0 - 0.561
2 3735.0 0.322 0.247 - 237.6 0.497
3 3706.7 - ..0.325 0.251 2360.8°  0.501

.5 ‘ 2437.6 - 0.464 : 0.583 - 1761.4 - © 0.764

* The values for intercept (a) and slope (b) of the equations dalculated»by bsing

the following formulae:

N N 5 N N N‘ N NA
(X Yi r x i) -( L X, z X, yi) (N x.v.) (2 x 5 Y
.~ di=1 . i=1 i=1 ' i=1 X i=1 =1 Ti21
a = B =
N N N N
(N T x 2) -z x, )? NT x 2 -(L xi)2
i=1 ~ * i=1 * i=1 i=1
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Among these four regression analyses, a perfectly fitted‘one could bé decided by
‘different methods. One method is to take a liné which wiil pass thﬁﬁugh the‘origih
witﬁ a slope of one. Under these four-strategies it is difficult,to‘sélgct é'pékfect'.
line as sﬁch, but the,line'unﬁer strategy 5 ié better thaﬁ.the othets.,Theiinteréeptn
value of{st?agegy S‘is 2437.6 which is ﬁhe clésest‘value;to zero amqﬁg‘then
'strategies considered. It,is"close to zero' in the senserthat thisvvalue wouid‘
represent a very low‘figuie'for annual‘replanting. Aiso the value for slope (b) in '
strategy 5 gives a maximum value of 0.464, implying a greater closenéss to_one»than_-
the others;»The‘Pearson'Produét Moment cor;elatioﬁ.is 0,764,in Strategy.5?>Whéreas
the other coefficients are 0.561, 0.497 and 0.501 respecti&ely for,SﬁrateQies 1-
. . » .

The results bf the regrgssion analysis are not strong enough td make a‘defiﬁité‘
conclusion regarding the two distributions. Therefore a 'goodness-of=fit tesﬁ' was
carried out.. fhis testvwas used to examine the hypothesis that the simuiatéd~éﬂd
acgual recofded system ouﬁpﬁt have the same parent‘distribution. In this case two
hypotheses were formulated: i.e.  the null hypothesis assumes that tﬁe"tﬁo
Qistributions are the same, while the alternativerhygothesis expects the two sets.‘
of data to have differeﬁt parent distributions.

In the'processAof'ﬁalidatioﬁ the,null hypotheéis»is used to estabiish that the
model output is the same as historical records. This could sometimés lead to a Type.,
Ii error which is the error of accepting that these'are the same when in fact they
afe not. ﬁoWeQer, the distribution of the model output and:the observed real‘system
distribution are‘from différen£ populations and are not known accurately enough to

calculate a Type II error.
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In order to test the two different distributions, a 'paired T—test' has been
cariied oﬁt by‘using SPSS}'The correlation values of the two distributions Were
also computed. The calculated correlation coefficieht.must be positivefforvpairlng
to be effective and if it is negative then the initial assumption of:pairiag,needs
to be re-examined (Nie and others, 1970).

Presuming that the population values ofh actual replanting and estimated
replanting Valueslfor each strategy are dlstributed\normally,‘two hypothesesvweté.

vformulated.

HO; Ha =Pe
The null hypothesis is that actual and estlmated dlstr1but1ons are equal. The

alternative hypothesis aga1nst thls is

LR
under two tailed conditions. Having ﬁormdlated the hjpothesis, the T-Values and“
_ othet statistics have been}calculated;‘These-are presented in Table 6.4.

The hypotheses have been tested undervallevel of significance of 0.05 and'O;Ol.
The crltlcal region for 0.05 51gn1f1cance level is -1, 701 to 1.701 and under 0,01
" significance level -1. 467 to 2 467 Thus the null hypothesis (Ho) could be accepted
at both probability levels. It concludes that all four strategles do not differ

51gnif1cantly from actual output. Thus it is 1mp0551ble to select the best strategy

1 : : : .
To compute 't' for a paired sample, the palred difference between two variables
is formed. 4

D is normally distributed with the mean value ofS. Then the 't' value

=d-5 where d = sample mean
2 2 .
Sd Sd = varlance
2LX, X .
2 2 1 -2
. — -— —— N
Sg = (Sl + Sy n-~-1 ) /
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using the results of thev't' tests. However, the high positive cofrelation value

betwéen area and strategy 5 indicate the pairing to be more effective than other

strategies. -
Table 6.4
T-Test and Other Statistics
Pairs ' Mean Standard Standard Corr- 2-Tail T-Values 2-Tail
: Difference . ‘ elation Prob- ~* Prod-
' ‘ ' ability uction
. Area 2 Strategy 1 -628.9 6860.2 1273.9 © 0.561 0.334 -0.49 '0.625"
Area 2 Strategy 2 258.8 3641.5  676.2 0.497 0.006 . 0.38 - 0.705
Area 2 Strategy 3 v 223.5 3623.6 672.9 0.501 0,006 - 0.33 0.742

Area 2 Strategy 5 - -726.7 2796.2  519.2 0.764 0.000 -1.40 0.173 -

Degrees of fréedom:= 28

The conclusion can therefore be drawn that tge‘model which is’juétifiable on'a;
priori,grounds provideé a Qaiid répreéentation of the beha&iourVofkruﬁber,aréa.
Exéepp for the regression values, it is hard to say that oﬁe stratégy_is bétter thaﬂ‘
the others. ‘Naturally the results are Vsubject tb' efror due largely 'td' data
.collection difficulties, but it would seem thdf giveq reliable data the.modél'ié
capable bf generating accurate predictions. |

Although confidence can'bé placed on tﬁe prediqtions of.rubber réeplanting area,
it is hafd to accept that the production estimates aré alsd 1ike1y to be realistic.
Since theiproduction is mainly'dgtefmined_by thé respective yield curve; it is
necessary to vaiidatevthe yield curve and production. | o

Here again éimple regreésion analysis'is per formed béfween the actual recordS'of
produciion‘up to 1950. Among the five strategies, the fifth one was more réalisticr
and it generated data very close to past records; Since the area prediction under

this strategy is closeé to reality it has been decided that the yield curve used in
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this strategy is élso accurate. Obviously the accufacy of boﬁh'area and yield'
curves is necessary to obtain accurate prbduciion estiﬁations..

Having made the decision that strategy 5 is more acéufate than‘the ofhers, a
simple regressionlanalysis Qas per formed. Thé twotdistributionsiused‘aré presented |
in Table 6.5. In order to obtain a smooth distribution ‘thrée‘year movingvéverage’

values of both’ distributions have been used.

 Table 6.5
' *

‘Comparison of Model Output and Actual Production {MT)

Year o ~ Actual . . Model
1977 - 151400 , 148388
1976 ' ; © 149000 - 146928
11975 , 145000 145270
1974 146000 144193
1973 ’ : .. 143000 142779
1972 ' R 145000 © 140075
S 1971 , ‘ 147000 : - 138247
1970 151000 , g 1154961
1969 : ’ ‘ 151000 ~ o 105370
1968 . 148000 ' © 142524
1967 ' 141000 ‘ : 144094
1966 o 131000 : 127186
1965 . , 121000 : 108206
1964 _ : ~ 107000 106896
1963 B A 103000 - 98387
1962 : 101000 104663
1961 , S 97000 , 102953
1960 § . .~ 98000 - 100887
1959 99000 L 102310
1958 R : 100000 ‘ 110403
1957 L f 98000 , , 107145
1956 96000 105970
1955 o 98000 © 7103679
1954 : 102000 109340

1953 : ' 107000 104795

Source: RIMP Study Data

Both distributions are on three year moving average values.
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The statistics calculated.;mong these dist;ibutions show the élosenesé to.each .
other. The correlation value (R) is 0.97?99 and R squared (RZ) value is 0.94866.
The slope (bi is 1.09694 And intercept (a) is -12505.7. Thé'ﬁwo-dimensional plot
among the Qariables also shows ‘the closeness of'both‘diétributions.;‘This is
present’ed in »Fi‘gure 6.2. Thesev results are good enouéﬁ to deéide that both
diétribﬁtions are ﬁhe same., If bqfh,distribﬁtions are‘the,same, tﬁe‘conclusion'is'
ﬁhét the model is very accurate for the prediétion of p;oduéﬁion; |

.'With thiék§alid-model it is possible to test the .model projéétigns for both érea"“
and proéuctioﬁ;'The results of mode1 experiméntation ahd'interpretation ofAresults

are presented in the next part of this chpater.

6.3 Model Experimentation and Interpretation

7 After the model was refined and thé firét two validity‘Checks for arga and“
production were,made‘a’compufer exécution was made;tb estaﬁlish'a’baseragainst
which all other experimehtal executioﬁs qéuld be compared. Thé‘baSe run started o
with initi;l conditions as of 1978, since ﬁhe 5ase daté were collectéd.frdm the 197é‘
cross-sectional survey. The compufer programme generated the historical ﬁeriod up
to‘lééo and then the préjected period to.the year 2020.

The testing of the ﬁodel was,basical1y cairied out under the fivé.stratégies_
mentioned in‘Sectiéh-6.l. In each case an attempt was made to pfedict £he EOtal afea
figures in terms of the‘age specific claéses. This gives ﬁhé projected value f&r
area under each étrategy‘based on equation 5.3.VSecond, projections were made fdrb
the replanting area annually up to the year 2020. This program was also used to
generate historical records ofkrepianting frdm 1950, for validation purposes, as
explainédvin the previous section. Third, production was forecast by using the 
total area already calculated. The respective 'yield curves' were also

investigated at this stage.
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6.3.1 Total Area Predictions Under Different Strategies

The simulations concept of'equation 5.3 produced the age-specifio area figures
“under each strategy and the simulation is continued through successive cycles up to
the year 202’0‘. The above figures are presented i'n Tables 6..6(a) ’ ' (b), (c); (@) and
‘(e.)'. A bar graph for each policy showmg the rubber area generated has been
reproduced by the plotter of the Dec-10 computer. The pro;ections are presented in
Table 6.6(c). The graphs are -presented in Flgures- 6.3(a) , (b), (c), (d), and ,('e).
- The Fortran program for this exercise is shown in Appendix 1. |

The data given in Table 6 6 (a) for the strategy of a 26 years cycle seems to be
impractical for 1mmed1ate implementation, since the replantmg of 39068 ha. in the
first year ‘is .1mposs1ble. Addltionally this strategy implies very low nutrie_nt
produ-otion 'levele during the immature period of this “area. Furthermore, »thisr
strategy would necessitate heavy capital investment in one large' burst in order to
replant such a large area. One alternative solution:'to ‘this is 'spreading out this
peak replanting over a few years. | | |

The implication of the vsecondb strategy (30 years.cy_cle) is presented in Table
6.6(b). Again a similar problem of impraoticability arises herebut’ not to the ‘same
extent. The initial block of replanting would be 220;ll ha. and thisv also_could ‘only:r
 be implemented with a massive replanting programme. Howeyer,‘ the one thing 1n
- favour of these two ‘strategies' is the rapid eliminatio‘n of the senile area of 89000 -
. ha. |
The third strategy investigated the implication of V'the 33 years replanting
| cycle, which has . been imp‘li'ed‘ by.the government replanting. policy..‘ Thus thisA '
projection should give a better approximation to reality. However,v the senile area
of' 89000 ha. indicates how- ineffective thisvstrategy has been in prayct.ice. If this
- strategy functions in the initial year of the programme, 16605 ha. of‘replanting

must be covered. This of course is not impossible, in contrast to the -
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1978

39528.809

©.1399.600
2803.714

248.729
1381.548
1993.340

1350.456

4059.393
'1289.277

10265.073

- 4623.044
1007.953
2206.464
2518.880
5077.877

2717.963

7845.485
9141.782
16695.412

11806.088

4703.781
10743.476

10660.231

4543.812

2037.469
'10726.425

Table 6.6 (a)

Total Rubber Area under Strategy l_(Hat)

1980

- 2037.469
10726.425

39528.809
1399.600
2803.714

248.729

71381.548"

1993.340
'1350.456
4059.393
1289.277
10265.073
-4623.044
1007.953
2206.464

2518.880

5077.877
2717.963

 7845.485

9141.782

'16695.412

11806.088
4703.781

10743.476"

10660.231

4543.812

Source:  RIMP Survey -data.

YEAR

1990

5077.877
2717.963
7845.485
9141.782

16695.412°

11806.088
4703.781
10743.476
10660.231
4543.812
2037.469

-10726.425

39528.809
'1399.600
2803.714
248.729

1381.548

1993.340
1350.456
4059.393

1289.277.

10265.073

4623.044
1007.953.
© 2206.464

2518.880

2000

1381.548

1993.340

1350.456
4059.393
1289.277
10265.073
4623.044
'1007.953

| 2206.464

2518.880

5077.877

2717.963

7845.485 -

9141.782
16695.412
11806.088

4703.781
10743.476
10660.231

- 4543.812

2037.469
10726.425

39528.809

1399.600
2803.714
248.729

12010

4703.781

10743.476
10660.231

'4543.812

2037.469

10726.425
©39528.809 .
1399.600
2803.714

248.729
1381.548
1993.340

1350.456

4059.393

1289.277

10265.073
4623.044
1007.953

2206.464

2518.880
5077.877

.2717.963.

7845.485
9141.782

16695.412
11806.088

2020

4623.044

1007.953
2206.464

2518.880

'5077.877

2717.963 "

7845.485
9141.782

97

16695.412 -

11806.088
4703.781
- 10743.476

10660.231

4543.812

12037.469

10726.425
39528.809
1399.600
2803.714
- 248.729
1381.548
1993.340

1350.456

4059.393

© 1289.277
10265.073
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1978

22333.430

1399.600
2803.714

248.729
1381.548
1993.340
1350.456
4059.393

- 1289.277

10265.073
4623.044

1007.953 -
- 2206.464
©2518.880

5077.877

© 2717.963

7845.485
9141.782
16695.412

11806.088
4703.781
10743.476
10660.231

4543.812
2037.469
10726.425
5528.196

4173.728

5994.061
1499.393

Table 6.6 (b)

Total Rubber Area under Strategy 2 (Ha.)

1980 .

5994.061

1499.393

~22333.430

-1399.600
2803.714
248.729
1381.548
-1993.340
1350.456
4059.393
1289.277

10265.073

4623.044
1007.953
2206.464
2518.880
5077.877

2717.963

'7845.485
9141.782
16695.412
11806 .088

4703.781
10743.476

10660.231

© 4543.812

2037.469
10726.425
5528.196
4173.728

RIMP Survey data.

. YEAR
1990

16695.412
11806.088
4703.781
10743.476
10660.231
4543.812

2037.469

10726.425
5528.196
4173.728
5994.061
1499.393

22333.430

1399.600

2803.714

248.729
1381.548

1993.340
1350.456 -

4059.393
1289.277

1 10265.073

4623.044
1007.953
2206.464
2518.880
5077.877
2717.963
7845.485
9141.782

2000 -

1289.277

10265.073
4623.044

1007.953
2206.464 .

2518.880
5077.877
2717.963
7845.485
9141.782

16695.412

11806.088

4703.781

10743.476
10660.231
4543.812

2037.469

10726.425

'5528.196

4173.728
5994.061
1499.393

22333.430

1399.600
2803.714
- 248.729

-1381.548

1993.340
1350.456

4059.393

2010

5994.061
-~ 1499.393
22333.430

1399.600

2803.714
248.729

-1381.548

1993.340

1350.456

4059.393

1289.277

10265.073
 4623.044
1007.953

2206.464
-2518.880

'+ 5077.877

2717.963
7845.485

9141.782

16695.412
11806.088

~4703.781.
'10743.476
10660.231
4543.812

2037.469
10726.425

5528.196

4173.728

- 2020

116695.412

11806.088

%

4703.781

- 10743.476

10660.231

4543.812

2037..469
10726.425

4173.728
5994.061
1499.393

22333.430

1399.600

248.729
1381.548
1993.340
1350.456
4059.393

1289,277

10265.073
4623.044
1007.953
2206.464

12518.880

5528.196 -

. 2803.714. -

5077.877

2717.963

. 7845.485
 9141.782
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Source:

1978

16800.220
1399.600

2803.714
248.729
.1381.548

1993.340

1350.456
4059.393
1289.277

~ 10265.073

4623.044
1007.953

2206.464
2518.880

5077.877
2717.963
7845.485

. 9141.782
16695.412
11806 .088

4703.781
10743.476
10660.231

14543.812

2037.469

10726.425
5528.196
4173.728
5994.061

- 1499.393

3141.704

2373.955°

17.551

Table 6.6 (c)

Total Rubber Area‘unde: Strategy 3 (Ha.)

1980

2373.955
17.551
16800.220
1399.600
2803.714
248.729

1381.548

-1993.340
1350.456
- 4059.393
1289.277

"~ 10265.073

4623.044
1007.953
2206.464
2518.880
5077.877
2717.963
7845.485
9141.782
16695.412
11806.088
4703.781

10743.476 -

10660.231
4543.812
2037.469

10726 .425
5528.196
4173.728
5994.061
1499.393

© 3141.704

RIMP Survey data

YEAR

1990 -

10743.476

10660.231
4543.812
2037.469
10726.425
5528.196

4173.728 -
5994.061 -

.1499.393

- 3141.704

2373.955
~17.551
16800.220
1399.600

. 2803.714

248.729
1381.548
1993.340
1350.456
4059.393

1289.277
. 10265.073
4623.044

1007.953
2206.464
2518.880
5077.8717
2717.963

7845.485 -
9141.782

16695.412
11806.088
4703.781

2000

1007.953
2206.464

2518.880
- 5077.877

2717.963
7845 .485
9141.782

16695.412

11806.088

4703.781
10743.476

10660.231
4543.812
2037.469

10726.425
5528.196
4173.728
5994.061
1499.393
3141,704

2373.955

17.551
16800.220
1399.600
2803.714
248.729
1381.548
1993.340

1350.456
4059.393

1289.277

. 10265.073.

4623.044

2010

1399.600
2803.714
248.729

- 1381.548

1993.340
1350.456
4059.393
1289.277
10265.073
4623.044
1007.953
2206.464

2518.880

5077.877
2717.963
7845.485
9141.782
16695.412

11806.088

4703.781

10743.476

10660.231
4543.812
2037.469

10726.425

- 5528.196

4173.728

- 5994.061

1499.393
3141.704

© 2373.955

17.551

16800.220

2020

© 2037.469
10726.425

-5528.196
4173.728

99

5994.061 -
1499.393"

3141.704
2373.955

17.551

1399.600
2803.714

116800.220

248.729 -

1381.548

1993.340
1350.456
4059.393
1289.277

10265.073

14623.044
1007.953

- 2206.464

2518.880
5077.877

. 2717.963

7845.485
9141.782
16695.412

11806.088

4703.781 .

10743.476
10660.231
'4543.812
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source:

1978

5141.282

1399.600
2803.714
248.729
1381.548
1993.340
1350.456
4059.393
1289.277
10265.074
4623.044
1007.953
2206.464

2518.880

5077.877
2717.963
7845 .485

9141.783
16695.412

11806.088
4703.781
10743.475

'10660.231

4543.812
2037.469
10726 .425
5528.196
4173.728
5994.061
1499.393
3141.704
12373.955
17.551
1203.526
1024.501
0.000
1697.473
2008 .384
0.000
3194.359
240.705
1762.163

Table 6.6 (d)

Total Rubber Area under Stratedy 4 (Ha.)

11980

5141.282
'5141.282
5141.282
1399.600
2803.714
248.729
1381.548
1993.340

1350.456

4059.393

- 1289.277
~10265.074

4623.044
1007.953
2206.464
2518.880
5077.877
2717.963
7845.485

- 9141.783

16695.412

© 11806.088

4703.781
10743.475

10660.231

4543.812

2037.469
10726.425

5528.196
4173.728
5994.061

1499.393

3141.704
2373.955
17.551
1203.526
172.846
0.000
0.000
0.000
0.000
0.000

RIMP Survey data.

YEAR
1990
5141.282
5141.282

5141.282
5141.282

5141.282

5141.282
5141.282

- 5141.282

5141.282
5141.282
5141.282

5141.282

5141.282
1399.600
2803.714

248.729
1381.548
1993.340
1350.456

4059.393 .
1289.277 .

10265.074
4623.044
1007.953
2206.464
2518.880
5077.877
2717.963

 7845.485
9141.783.

16695.412

11806 .088

4703.781
10743.475

660.074

0.000
0.000
0.000

.0.000.

0.000
0.000

0.000.

2000

5141.282
- 5141.282

5141.282
5141.282

5141.282

5141.282
5141.282
5141.282
5141.282
5141.282
5141.282

- 5141.282

'5141.282
5141.282

. 5141.282

5141.282 .
 5141.282

1 5141.282

5141.282
5141.282
5141.282
5141.282

 5141.282

1399.600
1 2803.714
248.729

1381.548

1993.340
1350.456
4059.393
1289.277
10265.074
4623.044
11007.953
2206.464

- 2518.880

5077.877
2717.963
7845.485
2337.789
0.000
0.000

2010

5141.282
.5141.282

5141.282

5141.282
5141.282'

5141.282
5141.282

5141.282

5141.282

5141.282

5141.282
5141.282
5141.282
5141.282
5141.282
5141.282
5141.282

5141.282
5141.282

5141.282

5141.282

5141.282
5141.282

5141.282"

5141.282

-5141.282

5141,282
5141.282
5141.282
5141.282

5141.282 -

5141.282
5141.282

1399.600

"314.161
0.000
- 0.000
0.000
0.000
0.000
0.000
0.000

2020

100

5141.282

5141.282

5141.282
5141.282

5141.282

5141.282

5141.282
15141.282

5141.282

' 5141.282

5141.282

5141.282 .

5141,282
5141.282
5141.282
5141.282
5141.282
5141.282

5141.282

5141.282
5141.282

5141.282

5141.282

5141.282

5141.282
5141.282
5141.282
5141,282

5141.282

5141.282
5141.282
5141.282
5141.282
1713.761
0,000
0.000

© 0.000 -

0.000
0.000
0.000
0.000
0.000



1978

AGE
0 7910
1 1391
2 2803
3 249
4 1379
5 - 1993
6 1350
7. 4041

'8 1289
9 10264
10 4619
)N A 1008
12 2206
13 2519
14 ' 5077
15 2717
16 ‘ 7834
17 9141
18 -~ 16695
19 11801
20 4703

o 21 110712

.22 110651

23" 4526
24 2017
25 10626
26 4974
27 4077
28 5782
29 1435
30 2569
31 , 2090
32 15
33 - - 1145
34 -~ 991
35 -
36 1640
37 1988
38 -
39 ‘ 3145
40 238

41 & above 1753

Total Rubber Area under Strategy 5 (Ha.)

Table 6.6(e)

1980

3142

4670 .

17864
1391
12798
248

- 1378

1984
1344
4040
1287
10255
4619
1008
2203
2518
5069
2714
7834

9138,

116688
11767
4686
10663
10508
4440
1798
9340

4688

3766

4529

- 1034
1752

1540

13

1084

937

1598
1927
3102

Source: RIMP Survey data.

YEAR
1990

7208
6728
5293
6241
6125
4827
5220
6515
4705
6040
3100
4635
7805

1318
2782

246

1369
1979
1340
4029
1285

10204
4592

998
2164
2447
4440
2322
6466
7224 .

10793
6718

2073
4509
4543
1811

787

. 4147
2122
1753
2555

659

© 2000

4102
6750

- 6085

3839
3197
7114
5552
5305

7793

6091
7112
6687

5253

6195

6090
4800

5184
6497
4064
6022

3093

4611
7760
1368
2729

240

1199
1693

1106
3185
831
5826
2032
422
894
998

‘1945

1030
2928

3363

6089

- 4285

2010

4809
13193

3523

2833
3499
2604
4706
4940
7664 -
6809

4048
6669
6039
3810
3179
7073

5513
5291

77173
6073

7097
6653

5223
6136

5975

4665
4540
5559
5559
4761

2000

2633

T 3434

578
1128
98
525
751

501

1483

469 .

3716

101

2020

6765

4384
4923
3803
4183
4320

3840

4944
3461
6730

- 4745

3169
3497
2812°
3479
2859
4673
4927
7645
6789
4039
6666
6005
3775
3118

6875
4825

4527
4527

4802

1 4590

- 3799
2311
2595

2470
1903
1988

2467

1519
2216
1128
1679
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impracticability of the'fwo previous policies. The projectiohs are presented in.'v
Table 6.6(c). | |

The foutth strategy is, according to the rubber policy formulato;s, méant_to be;'
similar to the third. However, it can be seen from Table 6.6(d), that it has‘quitev
différent implications for the total area. Tﬁis strategy seledts ﬁhe 61dest 3 per '
cent of the area and replants this amount every year,‘This replanting'térget-has
been set in 6rder to secure‘the 33 years cycle. Thus the policyvmakers havé_;
éttemptéd to relate this policy to thé‘replantiné'of 6000 ha. 'per.annum preshmihé |
that thisbrepresénts appfoximately 3 per cent‘of'the total area.: Howe#er;»in
‘reality,'the area to be replaﬁted annually is ﬁot uniférmly equal to 6000Aha, If:the
vimpigmentation of this poliéy commences in 1978 and onlybtakes'the oldest 3 per cent
of the area ea¢h yéarAitAwou1d only match the intended 33'years‘cycle'by‘2010 wﬁén
the.ﬁotal‘senile area Willlhave been eliminaéed.'HoWever, if this strategy did not -
just réplant the dldest éréa of rubber, but took account of the area subjected to
natural earlier 'hortality', the 1éngth of time heeded to reach the peppétual 33
yéars cycle W§u1d be longer. - |

Table:G.G(d) makes it clear fhat a 3 per ééntbper énnum'replanting policy will
only equate with a 33 year éycle prévidgd the 3 pér cent pdlicy.is adhéred to every
Yeaf (a most ﬁnlikely event);'In general a 33 years exploitaﬁion cycle (or‘any ége
speéific cYcle) will'élwaysfreflect'the cOhort'history of:preViousiplantings ghd i
repiantings; | | |

Thé toﬁal area under strategy fiQe is presented in Table G.Gfe). Whatéver
government poiiéy is, the realAsituatién wiil deviate-from it according to the»b
-farmer's.behaviour. ‘The advantage ofrthis strategy is its cldseness to reality,:
v which has already been demonsgrated by the validation proéedure..

In ordér to compére'predicted area by eaéh policy the total annual geplantiﬁg
figures were generated under different strategies. The'resuLts are presented in’

Table 6.7. Also it can be seen from the comparison that strategy -five is more

realistic than the others.



Year

Table 6.7

Annual Replanting Area (Ha.)

108

2020

5141

5263

6790

Strategy 1 Strategy 2 Strategy 3 '~ Strategy 4 Strategy 5
1978 39528 22333 16800. 5141 7911
1979 10726 1499 18 5141 4695
1980 2037 5994 2374 5141 . 3142
1981 4544 4174 3142 5141 6116
1982 10660 5528 1499 5141 4126
1983 10743 10726 5994 - 5141 6596
1984 4704 2037 4174 5141
1985 11806 4544 5528 5141 - 4866
1986 16695 10660 10726 5141 6174
1987 9142 10743 2037 5141 6279
1988 7845 4704 4544 5141 5325
1989 2718 11806 10660 5141 6777
1990 5078 16695 10743 5141 - 7209
1991 2518 9142 4704 5141 - 6168
1992 2206 7845 11806 5141 7892
1993 1008 2718 16695 5141 5372
1994 4623 5078 9142 5141 5596
1995 10265 - 2519 - 7845 5141 7171
1996 1289 2206 2718 5141 13222
1997 4059 1008 5078 5141 3862
1998 1350 4623 2519 5141 6121
1999 1993 10265 2206 5141
2000. - 1381 1289 1008 5141 4103
2001 1249 4059 4623 5141 6895
2002 2804 1350 10265 5141° 7761
2003 1400 1993 1289 5141 5002
2004 39528 1381 4059 5141 4744
2005 10726 249 1350 5141 2625
2006 2037 2804 1993 5141 3527
2007 4544 1400 1381 5141 - 2850
2008 10660 22333 249 5141 3544
2009 10743 1499 2803 5141 3212
12010 4704 5994 1400 5141 4810
2011 11806 4174 16800 5141 6816
2012 16695 5528 18 5141 3505
2013 9142 10726 2374 5141 5007
2014 7845 2073 3142 5141 3835
2015 2718 4544 1499 5141 4355
2016 5078 10660 5994 5141 4216
2017 . 2518 10743 4174 5141 3826
2018 2206 4704 5528 5141 4952
2019 1008 11806 10726 5141 4410

4623 16695 2037

6765
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6.3.2 Total Production Under Different Strategies

Thé rubber production potential is to 5 largé‘éxteht prédéterminea by the yield
profile of the treés that are'al:eady being exploited. Hence the donstruction of an
approptiate yield cﬁrve is a fairly cumbersome step;—

In Chapter 2 there was a discussion df_yield curves coﬁstruéted by the Rubbex’
Research Institqte of Sfi Lanka (RRISL): and thé Association qf Natiqnal.Rubber
Producing Countries (ANRBC)vfor the area above and beiow 40.5’héctéres. The yield
curve of the ANRPC is largely bésed,on the yield pattern of 3B86,1 taking the .
average of various clones into consideration. The yield curQe.of ﬁRiSL is also.
baséd on ﬁhe yieldbof»PB 86 over lG,yeafs of tappiné in large scalebexperimenfs;

The use of these two yield curves in the anélysis is of only limited pse.gihce
both curves are based»on a 33 year replanting cycle. Obviously these yiéld curées
have to be modified»tq‘fit_theblehgth of each;feblanting cycle. The yield of a
parﬁicular age in a shorter cycle is of course higher than iq a-la:ger'cfcle;
Therefore the yield curves given by RRISL and ANRPC were combined and modified to
allow for shottei'CYClés.,Further the size of ﬁhe'holdian‘is‘alSo éohsideted.iﬁ
calculating thé Yield.curve, and two yield curves were obtained. It is an accepted
‘fact that thé yield of theAlarge holdings are higher than the émall hOldingém It is
also presumed that the ﬁéw plantations_will be started in future with high yieiding
vérigties and with the applicétion of fertilizgr,and stimulants whiéh together
would give better yields. Cbnsidering these factors; two newvyield curves.are
constructed. The yield»cur§es related to the five strategies and the onebbaséd on a '
hypothetical yield assuming futuré improvements in technoiogy are prgsentéd in

i Table 6.8 (a) and (b). The acquracy; of these are. asdertained by u#ing the .

validation procedure of production estimates, discussed in Section 6.2. 1In

1 . : ' '
The area planted with the PB8§ clone has been estimated to be over 60 per cént.
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Table 6.8 (a)

Yield Curve under Diffetent Strategies

Area below 40.5 Ha.

Year of ~ Strategy Strategy = Strategy - . Strategy Strategy - Hypo-
Tapping 1 2 3 - 4 -5 thetical
: ‘ ' ' Curve
0 420 560 560 450 450 800
2 672 700 ~ 700 630 650 1000
3 840 - . 805 805 . 900 750 1200
4 980 910 910 - 1035 850 11350
5 1120 980 980 1053 © 870 1450
6 1120 1050 . 1050 . 1080 900. = 1550 .
7 1120 1120 1120 ‘1134 - 980 1654.
8 1120 1170 1170 1215 1020 1700
9 o 1232 1190 1190 - 1180 1040 1750
10 o 1232 1210 1230 .1220 1150 1800 .
11 1232 1210 1230 1210 1150 1800
12 ‘ 1232 1190 . 1200 1210 - 1140 " 1650
13 1232 1170 : 1180 1200 1060 1700
14 1232 1140 1160 1180 1040 -1650°
15 1064 1110 1120 1140 © 1020 .1550
16 ‘ 1064 1010 1010 1010 = 1010 - 1500
17 1064 - 960 950 - 940 950 . - 1350
18 ‘ 980 860 840 © 840 820 .- 1250
19 960 770 - 750 - 750 -730 1150
20 960 630 650 : 730 630 900
21 . - _ 700 700 S 700 - 640 650 .
22 900 900 /850 720 . 650
23 800 800 . 800 © 720 600
24 ' B 700 700" 700 . 650 - 600
25 : , 700 650 640 580
26 . _ 650 650 . 640 580
27 : ' 600 650 640 560
28 : 640 630 - 560
29 : ‘ 640 . 620 560
30 . ' : , 600 620 560
31 ) ‘ 550 580 580
32 ) 540 540 - 540
33 ' , 540 540 .. 540
34 . 530 530
'35 o , : 520 " 520

36 . ‘ 510 510
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Table 6.8 (b)

Yield Curve under Different Strategies

.Area above 40.5 Ha.

Year of Strategy Strategy . Strategy Strategy  Strategy - Hypo-
Tapping 1 .2 : 3 4 -5 thetical .
S B - - Yield
Curve
1 - 420 . 640 640 - 640 640 - .1000
2 728 . 800 800 800 - . 800 1200
3 924 920 920 920 920 . 1450
4 1092 1040 1040 1020 -~ 1020 1600
5 1176 1120 1120 1120 1100 . 1700
6 1232 1200 1200 1200 1180 1800
7 - 1288 1280 : 1280 1280 1240 1900
8 1344 - 1330 1300 - 1270 1280 1950
9 : 1300 © 1360 1340 1320 ' 1310 . 2000
10 1400 1380 1360 - 1360 © 1340 2050
1 ' 1400 1380 : 1380 © 1380 S 1340 2050
12 1400 1360 1340 1320 1320 2000
13 . 1400 , 1340 1320 1320 1300 1950
14 1400- - 1300 1300 1280 1260 © 1900 .
15 1400 1250 1250 1250 1250 1800
16 - 1400 1160 1160 1140 1120 1750
17 1400 1100 , 1100 1100 1000 1650
18 1300 - 1100 1100 1100 1000 1500
19 ~ 1200 1000 1000 1000 - . 980 ~ 1400
20 1150 980 - 960 ' 800 . 820 1200
21 o . 40 _ 820 . 800 - 780 "~ 1000
22 1000 ~ . 980 " 980 : 840 © 1000
23 ‘ 1960 940 . 900 - 860 1020
24 : 940 920 800 - 720 950
25 , : 1000 1000 - 860 . 940
26 o o 1000 900 880 920
27 ‘ o 980 960 . 860 900
28 , ‘ L . 910 . 800 900
29 o . ' , ' 900 " 860 880
30 : o ‘ - 840 © 860 ‘ 820
31 , : ' - 820 860 . 820
32 , A o 820 840 - 820
33 : , : k - 820 810 . 780
34 _ ' . - . 780 , 760
35 : L - 760 . -130

36 | | - R 7200 720
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addition to validating‘ﬁhe model this procedure has been used t6 select the most
appropriate yiéld curve and strategy suitablesfor predictions of pr§dhction. Thg
analysis, similar to 'sensitivity analysié;,vwas done in ofdér 56 select an
appropriate yield curve.‘ | | |

fRubbef production is determined,bQ-the mature area and the yieldvcurve.‘The areé
prediction made previously and the yieidvcurves ﬁentipned in thisvseCtion arevuséd
togetﬁer tb work out the production capacity.

 Rubber trees planted.during the first hélf of the 1970's will coﬁe into bearing
towards the end of thé same decade and will reach maximum yield At’tﬁévendlof the
_ next decade. Therefore the action that:will_bé taken with respect td»réplanting aﬁd
new~plantin§ today will have éﬁ impact,’in té;ms of‘inérémentél productiOn,'in-the
mid-1990's. This pattern Ean.bé recognized f;om thé projedted ndfm*of:ptoéucﬁion”
given in Table 6.9. Under strategy one,‘thé repléntgd area will only céme iﬁtd‘
bearing ‘in the latter part of £he 1980's and full impacf wiil not be felt qntil fhe
: mid>1990's. Gradually production bégins‘to decrease againrat the beginning of the
‘2000'5. Geneially with a shorter replanting cycle, high yiéldslare obtained in the
’early Years'but'the treesAalso go out of production éarLf.'Since the éyéle is. a
1i£t1éjlonger in strategy two, the impact ofAthe‘newly planted area will come later. -
The full impact‘on increased prpduction of the iﬁitiatidn_of tﬁisApoiicy will be:
felt in the latter part of the 1990's. However( in étfategy 3 the full impacf of the
. strategy only starts from the year 2000. Strategy four results in avcbnsfant amount-
to be replanted each year since it is based on 3 per cent of a total‘area which is
itself.fixed by assumption. Alﬁhough'the aréa replanted éach-year is constant the
age structuie of the total area at the beginning‘of the straﬁegy is quite different.

The productién nofm calculatedAby strategyAfive is expected,to be closer to.
reality since it gavé a more,accuré£e picture of the past output. Hence it is

reasonable to accept the production norm given by this strategy as a likely event.



‘Year

1978

1979 -
1980

1981

1982

1983
1984
1985
1986
1987
1988
1989

11990
1991
1992
1993
1994
1995
1996
1997
1998

1999 -

2000

. 2001

2002
2003
2004

2005

2006
2007

2008 .

.2009
2010

2011

. 2012
. 2013
2014
2015
2016
2017
2018
2019
2020

Table 6.9
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Total Production of Rubber under 5 Strategies - Sri Lanka

Strategy 1 Strateqy 2 -Stratégy 3. Strategy 4 Strategy 5

199874.490 -
187171.770

182234.480
172511.600
157740.340
143475.160
168928.310

. 168636.800

160044 .570
159957.970
165846 .700
178117.540
185272.510
198905.080
218282.180
234143.020
243618.640
241609.810
248766.260

251056.980

252563.070

251990.320

251730.190
255980.980

© 250892.970

243631.160
199874.490
187171.770
182234.480
172511.600
157740.340

143475.160
168928.310
168636.800

160044.570
159957.970
165846 .700
178117.540

1 185272.510
~198905.080

218282.180
234143.020

. 243618.640

213895.800
208607.950
200477.180
190913.910
180247.010
166392.740
178352.700
172002.100

166321.880

160912.200
162058.160
163526.360
155599.710
154659.270

-160669.260

171556.400
174761.880
185981.490
203637.220
217591.440
227376.260
228117.810
234502.700
235996.790
237897.570
233621.230
231968.110
239085.650
235811.890
234841.860
213895.800
208607.950
200477.180

'190913.910 °
.180247.010

166392.740

178352.700
"172002.100

166321.880
160912.200
162058.160
163526.360

155599.710

Source: RIMP Survey data.

218076.780
213836.750
208450.650
199676.050
191954.390
181737.790
187001.690

177393.600"

167099.240
165353.530
161014.300

- 156869.640

152416.910
153349.540
155082.450
146800.160
144309.430

148278.890

158766.380
163673.630
176142.460
194488.360
208126.570
218355.320

© 218832.220

224088.410
224928.250
229130.580

228721.770°

230857.440
237747.010
234656.930
234049.800
218076.780
213836.750
208450.650
199676.050
191954.390
181737.790
187001.690
177393.600
167099.240

165353.530

225541.460
218267.680

211147.700.
200966.910

190586.670
180992.600

175057.140
168011.070

162685.940
160431.530

159559.080
159615.610
160665.390

161861.990
163926.140

166048.260 -

166879.680
168438.870

171649.440

174528.970
177494.060
180329.290
183155.860
185401.310

187270.330.

188459.020

188888.330 -

189430.990
189650.500
189987.040
190239.210
190500.660
190585.910
190589.050
190589.050

190589.050.
190589.050°

190589.050
190589.050
190589.050
190589.050
190589.050
190589.050

223698.730

215911.590

189156.990
178502.390
174968.640

1209739.890
'198957.350.

168079.360

160622.000

155995.470

158171.460

156179.030

155919.460

156172.520
157342.810 -

160609.760

161777.150
163991.020 -

170766.790

176395.560

182237.380
185628.580
190534.830

194289.540

194068.130

194501.660

195821.030
199896.770
200867.900

204017.210

207257.800

.208363.040

208516.650

204896.070
202980.400
199536.300

1197084.200

193202.660
191034.060
190985.800
187829.640
186837.850
183138.470
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Under such circumstances, the projéctiohs of production presented heré are
simply aimed at quéntifying the ouiput norm that is likely to materialize in
future, up to the year 2000, on the basis of information availableg.The main
vdrawback'of this simﬁlétion prdcedure‘is that iE is not‘baéeﬁ,Oﬁ specific price -
assumptions. It>Simply assumeé thatvﬁhé nétu;al rﬁbﬁer~prices will remaiﬁ.high
ienough’to continue rubber productibn and that there;willbbe a moderate use of
‘éhemicalifertilizer and stimulants; Unless the future is_very:différent.from thé
vpast, priceé will de§iate a;qund the trend andithe intensity of tapping and thétuse A
of the other inputs and ;hérefore thé actual output ére,likely to deviate f?oﬁ»fhe
proﬁedted nqrﬁ; The incorpdrétion'of pricéiand other relevant'variablés-into the

model will be discussed in the conclusion.

6.3.3 Comparison of Results with the Results of Other Studies

In the stage of validation'theVOutput of the @odel was;éheCkedaas beiﬁg a
'reasonablé’reéreséntation of reality. The p&st record and thé model‘genetated :
Valueé were compared ahd'then the Vaiidity of the mudei was assuréd. it‘has been ;,
presumgd that if ghe model generates values which are close to the actual recofds(
i£ is aiso capable of predicting futﬁre-éroduction norms- with accﬁracy.

The comparison of the model output with chgr resulﬁs could aléo be’treatedras
fﬁrther validation of. the moael. However the other models suffer frbmrdata and
" methodological problems which were .discussed in Chapter 4.: The cbmpérison of
resul%s is nevertheless infbrmative and is given in Table 6.10.

It can be seen that thévfour different sources give four different estimates.
Since the predicted values under the éresent model are based on the expressed
intentions andAexpectationg of the rubber farmers/planters themsé;ves the résults
under the model should be taken very seriously. In particular, the reiatively low

values of output for the last fifteen years of this century should be noted since a
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modification of this is only possible with major reinvestment now. We now turn to a

- discussion of these and other policy implications.

Table 6.10

Compar ison of'Results of Different Sources (M.T.)

'ANRPC World Bank

Year ~Mode;v0utpur RB;SLI 2 ‘ v 3
1980 . 209740 172636 ‘ '179517 '180000‘
1985 168080 169327 192532 © .~ 185000
1990 © 155920 172333 = 174345 .195000
1995 . . .163990 1201443 - =

2000 190535 244792 B

Source: 1. Rubber Research Instltute of Sri Lanka, 1979. .
. 2. The Association of Natural -Rubber Produc1ng Countries, 1976.1
3. World Bank/FAO 1978.

6.3.4 Policy‘Implications of the Results

world naturelrrubberroutput is expected to grow at about 4 per cent‘per annum -
between 1976'and 1990, that is, slightly 0ver one‘per.cent'per.ennum‘ebove'the»
historical rate (World Bank/FAO, 1978) However, the growth path of productlon is
llkely to be quite uneven with a 5.1 per cent per annuntgrowth in the latter part of
the 1970's followed by a ‘fall to sllghtly less than 4 per cent in the early 1980's
and to about 3 per cent in the second half of: the decade. Further, it has been
predicted “that productron in Sri Lankal will increase atv_rates‘ below thoseli
ekperienced fromftde-mid 1950's to the ﬁid 1970's. The main cause given by the World
Bank,for this decrease in rubber output growth was the lack of a vigoroue rubber
replanting policy in the 1960's and 1970°'s. In Sri Lanka the small everage increaee
of‘3.5 per cent of productiOn could be ascribed to mounting political uncertainties
and adverse government policies in the 1970's, and theee seem 1ike1y to further

depress rises in production-(Barlow 1978, p. 410)
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The similar pattern of growth of production in Sri Lanka_can be identified from
strategy 5 as shown in Table 6.9. ln the latter part of the'1970Fs it shows around
5.8 per_cent per annum growth. This pattern starts to decrease’ from the beginning
of the next decade and it continues till the early part of the 1990's.>Aga1n there
is increasing output up to the year 2000. A‘s1m11ar output to that given in the
early 1900's would be expected from the year 2005 onwards.~ -

in order.to achieve raised production above the levels predioted;andvtowards the
targets suggested by the RRISL and the World Bank, it w1ll be necessary to clear the |
back—log of over- age plantatlons. As mentloned in Chapter one, there are now about.“

88000 ha. (40 per cent of the total area) which has to be replanted Recognlslng

the size of this task the Sr1 Lankan Government,rw1th Unlted Klngdom technical

'a531stance, dev1sed‘a Master Plan for rubber development. Further, the FAO/World

Bank Co—operatlve programme with the Sri Lankan Government j01ntly prepared a.
. project to accelerate rubber replanting by smallholders. It was 1ntended to cover

the area of 10,000 ha over a period of five years. If this prOJect and the Rubber

Industry Master Plan Project are implemented,it will indeed be possible to replant
the whole‘of the area due forbreplanting. Large projects of this nature could
easily replant a large slice OE the area at a time (as assumed in strategies»l and
2). As we have seen from the total. productlon figures this has immedxate
repercussions. The high replanting rate would tend to reduce total productlon over
thehnext 5-10 years. One possible alternative is . to spread’the back-log over a
period;of 10vor 15 years, along with the required amount of normal replanting pe;'~’
annum.nThisfcould help to reduce the baok—log gradually and tend towards a normal
replanting cycle.b The advantage and practicabilitf of this system is-the lower
immedlate financial burden. However, the implementation of thls policy mainly -
depends on the institutional.support of the industry. At present the natural rubber
industry in Srl Lanka comes under a number of institutions and has therefore no ‘
proper‘ co—ordinating body.‘ Further, there is considerable' overlapping. of

functions, both regulatory and executive. However, since any policy measures for
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greater rubber production depend‘ en institutional support, the» form of
re—organization is crucial.

Additionally,'the high yield potentials of a clone may not be ohtained'unless
the required inputS'ére provided. of the inputs'required} fertiiizer is the most .
imporeant. Generally the use of fertilizer ih rubberhplantatioh is very iow;
especially in'smallholdihgs, thus the need to use more fertlllzer to 1ncrease
kproduction»becomes;evident. It is to be hoped that the relative pr1ce of natural_v
' rubber will ‘rise sufficiehtly for it bo be possible. to buy fertilizer_ at a'
reasonable price; | |

fhewuse of yield stimulanﬁs sueh asﬁethrel is also likely ‘to be'impqrtantlin
1ncreaelng the rate of productlon. in Sri Ldnké this rs'noﬁ'popdlar because of rhe
hlgh cost of ethral and the 1mposs1b111ty of applylng it consistently because ofi
tapping interruprions caused by rain. Inhorder»to keep up high production levels,k
it_is necessary ro do more experiments~in the use ef ethral,stimQIatibh ro determine _
the qu1ckest way of increasing production in the short run.

The supply of hlgh yielding plantlng materials for the replanting programme
espec1ally for smallholders is v1tally 1mportant in 1ncreas;ng future production
since the total area under rubber is'likelyAto.inCrease. The present methods of
supplying planting material to emallhoiders are not satisfactory.»‘The supply of
budded stumps isrinsufficient and ir is necessary to increase the ruhber nurseries.
fhis could easily be achieved since the‘large estates are new in the hands of'rhe
- state. With a small incréase»in the area of nureeries on estates, it would be easy
to cater‘for,smallholders' requirements. Since the‘clone is the most‘important
factor affecting future production levels, breeding for new high yielding'clones.
shduld be given due priority in researeh. Fhrther,.redUCingvthe iength of rhe.
 immature period is also important for increasing production levels. Breeding for
quick growth and girthing. should be stepped up_rn order to reduee therimmature

period.
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All of these factors depend to a greater or lesser extent on the reseatéh and
‘development undertaken by the rubber industry; _Continuéd tesearéh on plant
breeding for new clones, experiments on tapping stimulation,‘plant nutrition'
'experimenps, research on disease and pests are crﬁcial..Also possibly research on
manufacturing'must be increased in order io’achieve higher produétion fargets;
Further, the development of central proceSsing, marketing faciiitie#, release of
the farmers frém;the ﬁeavy expott duty burden , are most impo:tant; to réachvthé'
maximum production capacity. The-national rubber indust;y dévelopmeﬁt pians, such .
as the Rubber-Industry Master Plan and the Smallhdlder_Rubbér Replantihg Project,
will be godd attempts in this respect. | |

In'addition to the policy impliéations_of producﬁion, the aemand aspect‘sh0u1d',‘
also bevinvéstigated. ThelforecaSt rates show an expected annuél inéreése in,
cbnsumption of bo;h natural And synthetié rubbér§ of 5 per cent_péf yeék,[and a
.maximum pbtential rise in natural rﬁbber production of 4 per cenﬁ'(Barlow-l§78
p.l). Further, Wbrld Bank/FAO projections also_emphasizg fhat naturailrubbér is
likely to contihue to lose ité'share of the market during the pext 15 yearé“becauSg
of insufficient,availability, Conéequently the whole natuial rubber industry is
facing the prospect of increasingly‘fav0qrable p;oducfbpriées;'Moreéver the ﬁarket‘
potential is becoming more favourable because of the riée ih crude oil prices which
affects future.prbséects for the production of synthetic rubber. .Again,vwhilét"
various syntheticrrubber fechnologies hévé bgen developed, there is nd major hew’_
synthetic in view (Barloﬁ 1979, p;i); |

" Finally, the government‘needé to ensure that all bf its efforts are concent;atedr
on'measureé_which will realize,maximum benefits to the farmers from replanting andl
de&el&pment. Insufficient attention to replanting during the latter’pa:t of the
1960's has resulted in a lag of production>behind the potential which mighi have
been expected. This lag is also responsible for the drop in production which will
occur during the 1980's. Therefore it is essentiél that the government £§ke a.lOng

term view to ensure that all conditions are met which will lead to replanting at the
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required rate in order to clear the back-log and come into an equilibrium stage. If
not, the potential benefits of natural rubber to the country will not be fully

realized.

6.4 Conclusion

This study of ﬁheaimpiications.of>alternati§é replacement sﬁratggies for.the;.-
future area and'production of fubber in Sri ﬁanka is a counterpért’to fﬁe datav_
collecfion’maae by the RIMP Study. The déta‘collectedAby.the'RIMP>Study on- the -
age;specific area provided a basis for this study. Apart from'this;;the informatibh
on age, bafk' consumption and  the remainiﬁg iife of ‘the trees éuéplemented
.information oh'the intensity of exploitation of the‘tgees; and‘on_this was based the;
projéction of -rubbe; area data for' future‘ years. ﬁvidepce for alternatiye
replacement strafegies was inveﬁtigated in otde; to obtaiﬁ»a»bettgrbundefstahding-
of-the impliéagionS'for the future area andlﬁfoduction of rubber by using the
précess of:simulation modellihg. In order to éstimate production figures‘from’the
.mature rubbér area, se&eral yield Curyes’were inQestigated,»The accuraéy of the
model, i.e. area prediction, yieid curves and a projection of production, weté»
tested "by ’thé validation procedure of the simulation approach. _Bpth this
vélidation_approach and a cdmparisbn‘éf the results with other studies corfobo;ated
that the strategy based on farmers' expecfationé (Strategy 5) is cloSer-tQ reality
than the oﬁher alternativgs iﬁvestigatedf' Hénce. the projection of area and
production ‘of fhis st;ategy'can,be'acceptéd‘as a re;iablé estimate. Since the
iﬁténtioné and expectations.éf farmers are influenced by price and other factors,
this sﬁfategyrtakeé these effects into consideration indirectly.v waever, the.
objectiﬁes laid down for fhis study, and time ané data constraints, did not allow
for the explicit inclusion of such facto;s as distinét variableé influencing the

area and production projections. This is a much needed extension of the present
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study and suggests the need to develop such projection models with supply

response'models‘and forecasts of future price trends.
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The Fortran Program used for the Simulation Model

APPENDIX 1
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PROGRAM YIELD

PURPOSE -

DATE

‘Read 1978 rubber data and calculate the production
of rubber using 3 different replanting policies:

(1) Replant 3% of the total area

(ii) Replant all trees older than N years. :

(iii) For each age group a percentage will be replanted
and any tree older than 40 years will
‘also be replanted. .

This simulation is done until we reach 2020 then
a plot of the total productlon vs. year can be
produced if requlred‘. '

-5-Sep-80, T. Ly, Coombs Comp. Ser.
wrltten for Premachandra 415,255 .

OPERATING INSTRUCTION

EX YIELD PLTLIB 10 50 ,STRLIB_lO,SO

oo ReReReRe oo e e ReReReRe e ReRe e Re ReRe Xe D

(@]

INTEGER

DIMENSION

COMPLEX -
INTEGER

COMMON
+‘ . '

DATA

" DATA

AGE, OLDEST, XLAB(16), YLAB(16), PLAB(l6)
FRAC (9), X (45), 2 (217), HECT(80)

IFILE ‘ ,
PFILE(2)

AREA (80), Y(5,43), IYEARl, IYEAR2,
'YIELD(43)

LUNI /1/, IYEAR1 /1978/, IYEAR2 ./2020/

LUN1 /2/, LUN2 /3/, LUNO /10/

oNoNoNoNe!

‘aaaa

Qo

10

Print title of program

TYPE 10

FORMAT ( 1HO, 'YIELD CALCULATION PROGRAM' )

Set sampling fractions ( these remain constant throughout )
for 9 dlStrlCtS.

FRAC (1)
FRAC (2)
'FRAC (3)
FRAC (4)
FRAC (5)
FRAC (6)
FRAC (7)
FRAC (8)
'FRAC(9)

= 0.0701

L}

10.0326

0.1473
0.0319

= 0.0470

0.0320

= 0.0520

wu

0.1864
0.1270

Store year values in vector X (fof plotting).

DO.15 IY =

IX =

IYEAR1, IYEAR2

IY - IYEARL + 1



e NeNesNeNe!

e KeXKel e XeKe!

(@]

eNeNe NS

Q an0oonan

e NeNe!

15

20
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X(IX) = IY
CONTINUE
Calculate samplihg fraction for the whole 9 areas -
(i.e. Sri Lanka); also include the factor to convert from
acres to hectares. v
F = 0.0

DO 20I =1, 9

F = F + FRAC(I)
CONTINUE V
F = 9.0 / (F*2.471054)

Initialize area data

DO 253 =1, 80

25

40

50

60
70

100

102

105

AREA(J) = 0.0

CONTINUE

Input data from a file (user-specified) -
TYPE 40 , - o .
FORMAT ( 1HO, 'Enter Input File Name : y.$8 )

ACCEPT 50, IFILE o
FORMAT ( 2A5 ) '

OPEN ( UNIT=LUNI, ACCESS='SEQIN', FILE=IFILE, ERR=900 )

» Loop here to read and accumulate data‘with respect -
to age. T o ‘ »

READ ( LUNI,70,END=100 ). AREAO, AGE
FORMAT ( 28X, F5.1, 18X, I2 )

AREAQ = AREAO * F - 1 convert AREA =
AREA (AGE+1) = AREA (AGE+l) + AREAQ -

GO TO 60

End of file reached here, close input file and
start analysis.

CLOSE ( UNIT=LUNI )
CALL RESET ( HECT,AREA ) | Store value of AREA in HECT
Read yield coefficiént data

OPEN ( UNIT=LUN1,ACCESS='SEQIN',FILE='YIEL'Dl.DATr )
OPEN ( UNIT=LUN2,ACCESS='SEQIN',FILE='YIELD2.DAT' )

DO 105 I = 7, 42 ,
READ ( LUN1,102 ) Y1
- FORMAT ( 24X, F5.0 )
READ ( LUN2,102 ) Y2
YIELD(I) = (Y1+Y2) * 0.5
CONTINUE

. CLOSE (' UNIT=LUN1 )

CLOSE ( UNIT=LUN2 )

Start analysis here



N eNeNel

(@]

' CALL YIELD1 ! 3% policy

109

200
210

ReXeReXeKe)

nnoaa

215
216

CALL RESET ( AREA,HECT )

DO 109 T =1, 3

IT = I -
CALL YIELD2 (IT) ! replant % N policy
CALL RESET ( AREA,HECT ) '

CONTINUE '

CALL YIELD3 ) ' | percentage policy

Plotting option here if required

TYPE 210 . ’ _
FORMAT - ( 1HO0, 'Would you like to have a plot 2', /,
+ ~ 1X, 'Type 1 for YES, 2 for NO :.', § )
ACCEPT *, ITYPE . A '

IF ( ITYPE .LT. 1 .OR. ITYPE .GT. 2 ) GO TO 200

! Plotting not required

IF ( ITYPE .EQ. 2 ) GO TO 600
: : - ! we exit then

Plot production vs. year for 5vreplanting

pqlicies.
PFILE(l) = SHYIELD .
PFILE(2) = 4H.PLT

Pack Y into a one-dimensional vector 2
for calculating a general scale. '

DO 216 I =1,5
DO 215 J =1, 43
K = (I-1)%43 + J
%2 (K) = Y(I,J)
CONTINUE
CONTINUE

|CALL PLOTS ( 1, PFILE ) Open plot file

XAXIS = 22.0

X-axis length

YAXIS = 16.0 4 ! Y-axis length
CALL SCALE ( X,XAXIS,43,1 ) ' 1 Get scaling factor for X

. . ! axis
CALL SCALE ( Z,YAXIS,215,1 ) =
FIRSTX = X(44) o

DELTAX = X(45)

FIRSTY = 2Z(216)
~ DELTAY = 2(217)
. TYPE 230

230

240

250

FORMAT ( 1HO, 'Enter X-axis label : ', $ )
ACCEPT 240, XLAB »
FORMAT ( 16AS5 )

NXLAB = LEN (XLAB,16).
TYPE 250

FORMAT (. 1HO, 'Enter Y-axis label } ', 8 )

-1 No. of chars in X label'

128
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O0n

[eNeNKe]

[eNoNe!

ACCEPT 240, YIAB :
NYLAB = LEN (YLAB,16) » : ! No. of chars in Y label
TYPE 260 S ' '

260 FORMAT ( 1HO, 'Enter Plot label 'y $8)
ACCEPT 240, PLAB o » -
NPLAB = LEN (PLAB,16) ' - ! No. of chars in label

CALL AXIS ( 0 0,0.0,YLAB,NYLAB, YAXIS,90.0,FIRSTY,DELTAY )
.1 Plot Y-axis
| CALL AXSPRM ( —1.0,—1.0,51;0,-1.0,—1,—1 )
' ' : "~ 1 Do not plot decimal
! point for the next
1 axis plot
CALL AXIS | 0. 0, 0 0,XLAB,-NXLAB, XAXIS 0. O,FIRSTX DELTAX )
o . ! Plot X-axis
_Plot,data here

7 (44) = FIRSTY

7 (45) = DELTAY

DO 280 I =1, 5

: DO 270 J = 1, 43

72(J) = Y(I,J)
270 .CONTINUE
CIT=1I+1
CALL LINE ( X,2,43,1,1,IT )

280 CONTINUE.

CALL CENTER ( YAXIS+2.0,
+ 'TOTAL PRODUCTION OF RUBBER IN SRI LANKA',39 0.3,0.0,XAXIS )
CALL CENTER ( YAXIS+1.0,
+ 'UNDER HYPOTHETICAL YIELD CURVE GIVEN IN CHAPTER TWO',51,
+ 0.3,0.0,XAXIS )

Print plot legend

= 20.0

YL = 18.0
DO 300 I =1, 5
IT=1+1

- CALL POINT ( XL,YL,0.2,IT,0.0,-1) :
CALL SYMBOL ( XL+0.5,YL,0.2,'Policy ',0.0,7 )

F=1 :

CALL NUMBER ( XL+0.5+1.6,YL,0.2,F,0.0,-1 )

IF (I .EQ. 1) CALL SYMBOL ( XL+2.5,YL,0.2,'26',0.0,2 )
IF ( I .EQ. 2 ) CALL SYMBOL ( XL+2.5,¥L,0.2,'30',0.0,2 )
IF ( I .EQ. 3 ) CALL SYMBOL ( XL+2.5,Y¥L,0.2,'33',0.0,2 )
IF ( I .EQ. 4 ) CALL SYMBOL ( XIL+2.5,YL,0.2,'3%',0.0,2 ) -
IF ( I .EQ. 5 ) CALL SYMBOL ( XL+2.5,YL,0.2,'I',0.0,2 )
YL = YL - 0.5 '

300 CONTINUE
1 Plot'ploé—labei
CALL ENDPLT
Print results here .

600 WRITE ( LUNO,605 )
605 FORMAT ( ///, 10X,

+ 'TOTAL PRODUCTION UNDER ALL 5 POLICIES IN SRI LANKA' /)
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WRITE ( LUNO,610 )

POLICY 3',

aQa .

Calculate replanting area

610 FORMAT ( 1HO,' YEAR POLICY 1 POLICY 2
+ ! POLICY 4 POLICY 5', /)
C . :
DO 700 IY = IYEARl, IYEAR2
J = IY - IYEAR] + 1 ’
WRITE ( LUNO,650 ) IY, ( Y(K,J),K=1, 5 )
650 FORMAT ( I5, 3X 5F12 3)
700 CONTINUE
C ,
GO TO 1000 | Exit here
c . s
C -
C .
C Error section
C ‘ .
900 TYPE 910 o
910- FORMAT ( 1H+, '?File not found', /)
1000 sTOP
END ‘
SUBROUTINE RESET ( A, B )
(o3 T
‘ DIMENSION A (80), B (80)
C .
DO 10 J =1, 80
“A(J) ‘= B(J)
- 10 CONTINUE
c o '
RETURN
END
) SUBROUTINE YIELDl
C. ' :
C "PURPOSE Calculate the rubber productlon of Sri—Lanka
C . - ' i with the policy of replantlng 3% of the ‘
C total area every. year.
C . .
C DATE 5-Sep-80, T. Ly, Codmbs Comp. Ser., ANU
C . . ‘
c-
e
INTEGER OLDEST
Cc o
COMMON AREA (80), Y(5,43), IYEAR1l, IYEAR2, YIELD (43)
c , . , , v
DATA LUNO /11/
C
C
C .
IYIELD = 4
c
C Calculate the oldest age group index
C
DO 10 I = 80 1, -1
K = I ‘ N "
IF ( AREA(I) .NE. 0.0 ') GO TO 20
10 CONTINUE
20 OLDEST = K
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REP = 0.0

DO 30 I =1, OLDEST
REP = REP + AREA(I)

CONTINUE '

'REP = REP.* 0.03 : ' ! Replanting area

Start analeis here

DO 110 IY = IYEAR1, IYEAR2
I = OLDEST + 1

REPO = 0.0
I = I -1
REPQ = REPO + AREA(I) ‘ . .
IF ( REPO .LT. REP ) GO TO 40 ! Continue accumulation

_IF ( REPO .GT. REP ) GO TO 70

Zero all areas repianting, shift éverything down,
increment zero-area entry by REP = REPO

DO 50 K = I, OLDEST
AREA (K) = 0.0
CONTINUE

DO 60 K'= I-1, 1, -1
AREA (K+1) = AREA (K)
CONTINUE |

"AREA (1) = REP
OLDEST =1
GO TO 100

We exceed the replanting area Quota here, zero
all areas replanted, keep backlog, shift everything
down, reset zero-area by REP

" BACK = REPO - REP

DO 80 K = I+l, OLDEST
. AREA (K) = 0.0
CONTINUE

AREA (I) = BACK
DO 90 K = I, 1, -1.
'AREA (K+1) = AREA (K)

CONTINUE
AREA (1) = REP
OLDEST =1 + 1

IXY = 1Y - IYEARI + 1
Calculate total yield for end of year IY

SUM = 0.0
DO 101 K = 7, 43 }
SUM = SUM + YIELD (K)*AREA (K)
CONTINUE
Y(IYIELD,IXY) = Y(IYIELD,IXY) + SUM/1000.0
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CONTINUE
CONTINUE

RETURN
END ;
SUBROUTINE YIELD2 ( IT )

PURPOSE ~ Calculate the p:bduction‘of rubber §lanting area
7 ~ with the policy of replanting all trees older than
N years. ' o . s
DATE 24-Jul-80, T. Ly, Coombs Comp. Ser., ANU

OO'OOOOOOO

0

nanaa o

n .

naa

Qo

INTEGER IAGE(3)
COMMON AREA (80), Y(5,43), IYEARl, IYFAR2, YIELD(43)

DATA IAGE /26,30,33/

50

60

920

100

110
800

" Start analysis here
N = IAGE(IT) + 1

DO 110 IY = IYFARl, IYFAR2

REP = 0.0
DO 50 K = N, 80 v
REP = REP + AREA(K)
CONTINUE :
DO 60 K = N-1, 1, -1
_ ARFEA (K+1) = AREA(K)
CONTINUE
DO 90 K = N+1, 80
AREA(K) = 0.0
CONTINUE
ARFA (1) = REP
IXY = IY - IYEARL + 1
Calculate total yield
SUM = 0.0 -
DO 100 K = 7, N
SUM = SUM + YIELD (K)*AREA (K)
CONTINUE o
Y(IT,IXY) = Y(IT,IXY) + SUM/1000.0
CONTINUE
CONTINUE
'RETURN

END
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SUBROUTINE YIELD3 -

PURPOSE Calculate the production of rubber plantlng area
: ' with the policy of replantlng a percentage of the
total area every year “and all trees older than 40 years.

DATE 24-Jul-80, T. Ly, Coombs Compr Ser., ANU

noannonana

O

(@

INTEGER OLDEST
REAL PC(41)

COMMON AREA(BO), Y(5, 43), IYEARl, IYEAR2, YIELD(43)

DATA LUNI /10/

OO0

oOa

aaon

'Input percentages from a file

OPEN ( UNIT=LUNI, ACCESS= SEQIN', FILE-'PRCENT DTA' )

"DO 30 1.=1, 41

30

10
20

40

70

80

90.

READ,( LUNI,* ) P
PC(I) = P / 100.0
CONTINUE
CLOSE ( UNIT=LUNI )
Start analysis here -

IYIELD = 5

" Determine the oldest rubber tree area for 1978

DO 10 I =80, 1, -1

K =1 : - :
IF ( AREA(I) .NE. 0.0 ) GO TO 20

CONTINUE

OLDEST = K

DO 110 IY = IYEAR1, IYEAR2
= OLDEST ’
AZERO = 0.0 ‘
-IF ( M .LT. 42 ) GO TO 70
DO 40 K = M, 42, -1. : o
AZERO = AZERO + AREA (K) ‘
, AREA(K) = 0.0
CONTINUE
" DO 80 K = 1, 41 ‘
' REP = AREA(K) * PC(K)
AZERO = AZERO + REP
'AREA (K) = AREA (K) - REP
CONTINUE :
DO 90 K = 42, 2, -1
AREA (K) . = AREA (K~1)

CONTINUE
AREA(1) = AZERO .-
OLDEST = 42

IF ( M ,LT. 41 ) OLDEST =M+1
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IXY = IY - IYEARL + 1

C
C Calculate total yield
c ‘ .
SUM = 0.0
DO 300 K = 7, 43
'~ SUM = SUM + YIELD (K) *AREA(K)
1300 CONTINUE
' Y(IYIELD,IXY) = Y(IYIELD,IXY) + SUM/1000.0
110 CONTINUE o v
1000 CONTINUE
C
C .
- RETURN .
END ,
PROGRAM BACK
C o . :
C PURPOSE Read 1978 rubber data and calculate the production
C : : : of rubber using 2 different replanting policies:
C .
C (1) Replant all trees older than N years.
C (11) For each age group a percentage will be replanted
C ~and any tree older than 40. years will
Cc - also be replanted.
o - T
C This simulation is done until we reach 1950.
C \ . » ‘ ;
C DATE 5-Sep-80, T. Ly, Coombs Comp. Ser.
C o ' written for Pr~machandra 415,255 .
Cc , ‘ o o
C OPERATING -INSTRUCTION
C o ,
C  .EX BACK
C
c_.__
c -
INTEGER : AGE, OLDEST |
DIMENSION. FRAC (9), HECT(SO), YL(5), Y2(5)
COMPLEX IFILE
c ' _ . ,
- COMMON AREA(SO), Y(5,43), IYEARl IYEARZ,_
K : YIELD(5,42) :
C : ' . . i
DATA B LUNI /1/, IYEAR1l /1978/, IYEAR2 /1950/
C . : '
DATA .. LUNl /2/, LUN2 /3/, LUNO /10/
C——= ————
C Print title of program
C . i . ' :
TYPE 10 ;
10 FORMAT ( 1HO, 'YIELD CRANKING BACK CALCULATION PROGRAM' )
Cc : :
C Set sampling fractions { these remain constant throughout ).
Cc

FRAC(1l) = 0.0701
FRAC(2) =0.0326
FRAC(3) = 0.1473
FRAC(4) = 0.0319
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FRAC (5)
FRAC(6)
FRAC(7)

‘FRAC (8)
FRAC (9)

All
9 regions).

= 0.0470

0.0320

= 0.0520
0.1864
0.1270

indices specify a particular region (i.e. there aré
Calculate sampling fraction for the whole

9 area (i.e. Sri-Lanka).

F = 0.0
DO 20 I'=

1,9
= F + FRAC(I)
20 CONTINUE

F =9.0 / (F*2.471054)

D025 J =

1, 80

AREA (J) = 0.0

25 CONTINUE

TYPE 40

40 FORMAT ( 1HO,
: ACCEPT 50, IFILE

50 FORMAT ( 235 )

OPEN ( UNIT=LUNI, ACCESS SEQIN', FILE-IFILE, ERR-900 y

Loop here to read and accumulate data with respect

to age.

Initialize area data

Input data from a f11e (user—spec1f1ed)

'Enter Input File Name :

60 READ ( LUNI,70,END=100 ) AREAO, AGE
70 FORMAT ( 28X, F5.1, 18X, I2 )

AREAQ0 = AREAQ * F

AREA (AGE+1) = ARFA (AGE+1) + AREAO

GO TD 60

100 CLOSE ( UNIT=LUNI")

-CALL RESET ( HECT,AREA )

End of file reached here, close input file and
start analysis.

Read yield coefficient data

OPEN ( 'UNIT=LUN1,ACCESS='SEQIN',FILE='YIELDl,DAT"
OPEN (. UNIT=LUN2,ACCESS='SEQIN',FILE="'YIELD2.DAT'

DO 105 I

=7, 42

. READ ( LUN1,102 ) (Y1(J),J=1,5)
102 - FORMAT ( F4.0, 3F5.0, 5X, F5.0 )
READ ( LUN2,102 ) (Y2(J),Jd=1,5)

D0 1033 =1,5
YIELD(J,I) =

103 CONTINUE

105 CONTINUE

(Yl(J)+Y2(J)) * 0.5

! Store value of AREA in HECT
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210

605

610

650
700

CLOSE { UNIT=LUN1 )
CLOSE ( UNIT=LUN2 )

Start analysis here
CALL BACK2
CALL RESET ( AREA,HECT )
DO 109 I =1, 3
IT =1
CALL BACKl (IT)
CALL RESET ( AREA HECT )
‘CONTINUE
Prlnt results here

TYPE 210

ACCEPT 50, IFILE

OPEN ( UNIT=LUNO,ACCESS='SEQOUT',FILE=IFILE )

WRITE ( LUNO,605 )
FORMAT ( ///, 10X,

FORMAT ( ' Enter Output File Name

: ', $1)’

+ 'TOTAL PRODUCTION UNDER ALL 4 (CRANKING BACK) ',

+ 'POLICIES IN SRI-LANKA', /)
WRITE ( LUNO,610 ) -

FORMAT ( 1HO,' YEAR  POLICY 1
4! POLICY 4

DO 700 IY = IYFAR1, IYEAR2, -1

J = IYEARL - IY + 1

WRITE ( LUNO,650 ) ‘IY, ( Y(K,J),K=1, 5 )

FORMAT ( I5, 3X 5F12.3 )
CONTINUE

- CLOSE ( UNIT=LUNO )

GO TO 1000

POLICY 2
POLICY 5', / )

POLICY 3°',

! Exit here

900
910

1000

10

Error section

TYPE 910

FORMAT ( 1H+, '?File not found',

STOP
END A
SUBROUTINE RESET ( A, B )

DIMENSION A (80), B (80)
DO 10 J =1, 80

A(J) = B(J)
CONTINUE

RETURN

/‘)
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END .
SUBROUTINE BACK1l (ITYPE)

PURPOSE Calculate the production of rubber planting area
: ‘backward from 1978 to 1950 using the policy of
replanting all trees older than N years.

DATE 29-Aug-80, T. Ly, Coombs Comp. Ser., ANU

NoXeReReRoReReRo XD

'COMMON . AREA(80), Y(5,43), IYEARI, IYEAR2,

T4 © YIELD(5,42) . '

INTEGER IAGE(3)

' DATA IAGE / 26,30,33 /

[eNeNe! a0

nana

naoaan

40

50

70

100

o XeYe

IAGE (ITYPE)

=
1]

| Start analysis here
N=N+1" ' ! Get index for agegroup N -

Group areas where trees %= N
~and store result in AREA (N)

REP = 0.0 -
DO 40 I =N, 80

REP = REP + AREA (I)
-CONTINUE
AREA (N) = REP

Let's go

DO 100 IY = IYEAR1, IYEAR2, -1
. REP = AREA (1)
DO 50 I =1, N-1

AREA (I) = AREA (I+1)
CONTINUE '
AREA (N)
SUM = 0.
DO 70 I = 7, 42

SUM = SUM + YIELD(ITYPE,I) * AREA(I)
CONTINUE . o
IXY = IYEAR1

Y(ITYPE,IXY)
CONTINUE

REP

noit

IY + 1
SUM / 1000.0

RETURN
END

SUBROUTINE BACK2

PURPOSE " Calculate thefproduction of rubber planting area
from 1978 to 1950. The replant policy is



aan

C to replant a percentage of each age group and
C all areas where trees' age % 40.
C
C DATE 19-Aug-80, T. Ly, Coombs Comp. Ser., ANU
C ' : .
C.._ [—
C
REAL PC(41)
COMMON " AREA(80), Y(5, 43), IYEARl, IYEAR2,
+ : YIELD(S 42)
c L
DATA LUNI /10/
C - . ’
C
ITYPELl = 4
ITYPEZ =5
Input percentages from a file
OPEN ( UNIT—LUNI,ACCESS 'SEQIN',FILE-'PRCENT DTA' )
DO 10 I =1, 41 : '
READ ( LUNI,* ) P
. PC(I) =P / 100.0
10 CONTINUE
CLOSE ( UNIT~LUNI )
C
C : Group all trees older than 40 years old
c and store result in AREA(41)
(o} ' ' - :
REP = 0.0 -
DO 20 I = 41, 80
REP = REP + AREA(I)
20 CONTINUE
. ‘AREA (41) = REP
c .
C :
Cc Start analysis here
c .

DO 100 IY = IYEARl, IYEAR2, -1

70

80

= 0.0

REP = AREA(1l)

DO 70 I =1, 40
TEMP = AREA (I+1) / (1.0-PC(I))
P = P + TEMP*PC(I) '
AREA (I) = TEMP

CONTINUE

R = 0.0

IF ( P .LT. REP ) R =REP - P’

AREA (41) = R

SUM1 = 0.0

SUM2 = 0.0

DO 80 I =7, 42

SUM1 = SUM1l + YIELD(ITYPE1l,I)*AREA(I)
SUM2 = SUM2 + YIELD(ITYPEZ2,I)*AREA(I)
CONTINUE
IXY = IYEAR]l - IY + 1
Y(ITYPEl,IXY) '= SUM1 / 1000.0
= SUM2 / 1000.0

Y(ITYPE2,IXY)
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