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Summary: This article analyses returns to scale by fitting a
Cobb-Douglas production function model to three inputs (land,
labor and fertilizer) subject to management control and two
environmental factors (rainfall and altitude) in tea production of
Sri Lanka. State-owned estates in two tea-growing study districts
of Ratnapura in the low-elevation belt and Nuwara Eliya in the
high-elevation zone are taken as samples to examine the impact
of management and environmental factors on yield. Other impor-
tant factors are discussed in determining the level of tea productivity
in the island.

Introduction nant production levels among
the island’s tree crops (tea, rub-
The tea sector of the Sri Lan-  ber and coconut)

kan economy has for almost

have figured regularly in the
Bank’s discussion of Sri Lanka
for almost three decades. The
poor production performance is
clearly a major problem.

Patrick Mendis
L %
In addition to these ‘develop-
ments, productivity (production
per hectare) has stagnated for
almost two decades in Sri
Lanka. Compared with other

two decades been declining in

terms of its world market share, -

world production share, and

contribution to the national ShareofWorld
" economy (Table 1). The World | Yeor . Market (%) .
Development Report (1986, p. | 109 - -~ = = 341 °
74) points out that Sri Lanka’s | 190 - R
share of the international mar- | ¥7t . - 23
ket has dropped from about }% . 26:;
one-third in the 1960s to not | 1974 " Y
much more than one-fifth in the ° ‘37,5 ‘ S %58-5 o
1980s. De Silva (1986, p. 22) | ¢ . B
further states that “the plight | 1978 BT
of the tea industry, which | 197 - - 20
accounts for a third of Sri | Lo DR -
Lanka’s export earnings, has | 1982 === = 221
been identified as a ‘crippling }ggi_ v . gé
blow’ to the island’s economy | jogs _ e 07
by both the World Bank and | 1986 = - 215
Interngtional Monetary Fund.” lab S

A recent World Bank report, | ™ ot avaiable,

Sri Lanka and the World Bank

(1987, p. 33)’ observes that stag- .Baard of .India Smtistics (various issues, 1970-1987). .

Table f DO
Basic Indicators: of the Tes Industry’s
Relative Performance in the Nafional Economy md
: the world Tea Market 1969-86

- Production(%)

Sources: ITC Annual Bulletiss of Stanm.:s, Sri Lauh Téd Board Annual Report and Tea

Economy (% 'of GDP) -

- Share of World
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major tea producing countries,
the productivity level in Sri
Lanka is low and has shown no
recent improvement. Table 2
illustrates this conspicuous fea-

The main purpose of this
paper is to determine and exp-
lain returns to scale in tea pro-
duction and to describe and
analyse the influence of environ-

Sri Lanka Indla
641 901
869 1070
910 i1 .
878 1174
883~ 1266
872 1353 .
817 1405
819 1527
782 1491
716 1420
918 1468,
954 - na

na pot available.
g

¥4 4 (various issues, 1955-1987).

'l‘able , 3

Lovel of Producﬁv:ty (83 Selected Major 'I’en Producmg Countrles
*' (kilograms per hectare)

Kenya lndan_es_iq Japan
865 419 na
712 552 na
987 649 na

1020 706 1765
1072 801 1765
913 - 846 1631
940 1025 1680

1296 - 1078 1746
1174 1118 1677

184 1174 1615
1394 - 1500° 1684
1698 na ' na

ces: Calculated from IT C Annual Bulletin of Slausucs and Tea Statistics of India

ture of the island’s tea industry.
In 1984, the productivity levels
of other tea-producing nations
ranged from 1,394 kilograms per
hectare in Kenya, 1,468 kilog-
rams in India, 1,500 kilograms
in Indonesia to 1,684 kilograms
in Japan. Sri Lanka’s productiv-
ity has remained less than 1,000
kilograms for more than three
decades.

Analysis of the foregoing indi-
cators suggests that Sri Lanka
faces the task of increasing total
production and productivity to
maintain its competitiveness
with other tea producers and
exporters. Tea specialists in Sri
Lanka and in international
financial agencies such as the
World Bank, the International
Monetary Fund, and the Asian
Development Bank identify the
production performance .as a
major cause of the declining tea
industry.

mental factors and management
factors on tea cultivation. The
findings of this study will shed
some light on whether the tea
estates in Sri Lanka are of
optimum size and why the level
of productivity has .remained
stagnant for over two decades.

Study Area and Sources of Data

State-owned estates are man-
aged by two government agen-
cies: the Janatha Estate
Developmepnt Board (JEDB)
and the Sri Lanka State Planta-
tion Corporation (SLSPC). In
the early 1989, the author con-
ducted field research to collect
data from state-owned tea
estates. Nuwara Eliya in the
high-elevation zone (above 1200

metres) and Ratnapura in the

low-elevation zone (below 600
metres ) are selected as two study
districts. ' With the assistance
extended by the officials of
JEDB and SLSPC, the data

relating to land, labor, fertilizer,
rainfall, and altitude were
obtained: 88 JEDB-managed
estates and 27 SLSPC-managed
estates in Nuwara Eliya district
and 44 SLSPC-managed estates
in Ratnapura district. Nuwara
Eliya district has the most cul-
tivated land -in tea estates, with
36,472 hectares in high-grown
tea. Ratnapura district, with
15,311 hectares in estates,
accounts for the greatest area
among the eight districts in the
low-elevation belt. These two
districts accounts for nearly 32
percent of the country’s total
cultivated land area in tea
(Table 3).

Methodology

To investigate the level of
productivity, this study selects
/hree inputs (land, labor, and
fertilizer) subject to manage-
ment control and two environ-
mental factors (rainfall and
altitude). These inputs and
environmental factors are gener-
ally considered the most influen-
tial in determining output.
Inputs are also referred to as
resources, factors of production,
or variables 2In this study, all
these terms are synonymous.
Output is defined as production
of plucked green tea leaves per
estate. Returns to scale in tea
production are investigated by
estimating a Cobb-Douglas pro-
duction function. This model
examines the collective role that
the independent variables (land,
labor, fertilizer, rainfall and
altitude) have upon the depen-
dent variable (output). It also
provides the degree of impor-
tance of each input in determin-
ing output. The Cobb-Douglas
model is expressed:

Log (Y) = log a + bilog
(X) + bzlog (L) + bslog (F)
+ bsalog (R) + bsigia
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where,
Y = Total output  of
plucked green tea leaves
in kilograms in a tea
estate; "

X = Hectares of land area
cultivated with bearing tea

which has contributed to

the 1988 output (Y);

'L = Total number of work-

- ers employed for harvest-
ing and field upkeeping in
a tea estate;

F = Total number of NPK

applied in metric tons per
estate;

R = Average annual rain-
fall recorded in centimet-

ers by the estate manager
for the calender year 1988;

A = Mean elevation
recorded in meters at the
factory location. For tea
estates where no factory,
is located, the lowest ele
vation is taken to stadar-
dize the data; and

a = constant term.

The elasticities or regression-
coefficients (bis) idicate the per-
centage change in output for
each one percent change in input
while other factors are held con-
stant. The sum of coefficients
(excluding rainfall and altitude)
indicates the returns to scale.s

Results and Discussion

The results of estimating the
Cobb-Douglas model are pre-
sented in Table 4, where five
independent  variables  are
regressed against tea output (de-
pendent variable) for the two
study districts. The sum of coef-
ficients is computed by adding
the coefficients (elasticities) of
land, labor, and fertilizer. The
results suggest that land is the
most important factor in tea
production compared to the
other inputs in both districts.
The impact of altitude on output

in both district is statistically -

insignificant when all variables
interact collectively to predict
tea production. Rainfall has an
inverse relationship at the five
percent significance level in the
high-elevation  district. ~ This
relationship in Ratnapura dis-
trict is positive, though not sig-
nificant. A noticeable influence
of labor on output is evident
only in Ratnapura district. The
change in labor has an unexpec-
tedly low impact on output in

Cont on page 2
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Contd from page 16
Productlon Functlon.....

Variables

! Lz;nd size (%)
Labor (L)

' Fertilizer (F)
Rainfall (R)
.Altitude (A) _

- Intercept (a)

R

Sum of coefficients (L-+F+X)

F-ratio

Number of observations

“Table 4
The Cobb-l)quglas Production Function Estimates for Nuwara Eliya and Ratnapura Districts

Model: Log (Y) = log a + bilog (X) + b2log (L) + b3log (F) + balog (R) + bslog (A)

Nuwara Eliya Rafnapura
District District
80113** 81936**
(6.360) (5.275)
02726 35246
(:282) (1.578)
.06240 -.09617
(1.626) (-483)
-21110* 47108
(-2.616) (1.658)
07719 09670
(.474) (1.046)
© 8.48923¢ 3.12219
~(6.011) (1.659)
80938 85164
89079 1.07565
94.25949%* 47.07055**
115 44

Notes: Figures in parentheses are t-statistics.
** Signigficance level at one percent.
* Significance level at five percent.

Nuwara Eliya district, and it is
not statistically significant. The
impact of fertilizer application
is not discernable statistically in
Nuwara Eliya district.
relationship is negative in Rat-
napura district, but not signific-
ant.

Labor and fertilizer coeffi-
cient estimates' are noticeably
low in Nuwara Eliya district and
a negative fertilizer coefficient
exists in Ratnapura district.
From Table §, it appears that
multlcollmeanty exists among
land, labor, and fertilizer.
Because of multicoll-inearity, the
importance of individual input
variables in tea production can-
nqt be accurdtely determined
by these results because mul-
ticollinearity produces biased
coefficient estimates. More reli-

This .

able input coefficients will be
sought after dealing with the
multicollinearity problem..
Muilticollinearity arising from
the least square estimation of
the Cobb-Douglas ~production
function model is not surprising.
Because the estates employ
about the same relative amount
of inputs in tea production. The
problem, therefore, inheres in
the model itself. Doll (1974, p.
556) asserts that “... users, of

the Cobb-Douglas model who -

are dismayed to find multicol-
linearity among the ‘indepen-
dent’ variables should be
pleased because the presence of
multicollinearity serves as a ver-
ification of their economic
model.” How does multicol-
linearity affect the estimates of
this study? When input use is

. practical

proportional, but not equal,
across tea  estates, the
Cobb-Douglas production func-
tion model is valid even if mul;
ticollinearity exists. It is still
possible to obtain reasonable
estimates to determine returns
to scale when inputs are highly
correlated (Doll 1974, p. 557).

Analysis of Returns to Scale

The sum of coefficients of the -

Cobb-Douglas production func-
tion model suggests the exis-
tence of decreasing returns to
scale in Nuwara Eliya district,
whereas Ratnapura  district
demonstrates economies of scale

| | (Table 4). Table 4 indicates that

the sum of coefficients of the

| three management factors of

production (labor, fertilizer, and
land) is .89 and 1.08 for Nuwara
Eliya and Ratnapura districts

1 respectively. It is assumed that
| the intensive use of land, labor,
| and fertilizer in Nuwara Eliya
| district exceeds its optimal pro-

duction capacity, thus resulting
in diminishing returns to scale.
Ratnapura district, with a smal-

ler labor force in tea production

and .less fertile land, has not
yet reached its saturatlon point

"but has the capacity to increase

the average tea yield with each
unit of added labor. The two
districts demonstrate considera-
ble variation in resource endow-
ments and their p- oduction pros-
pects.  vary commensurately
(Mendis 1989).

The sums of coefficients in
both districts are, however,
close to unity: +.11 for Nuwara
Eliya and —.08 for Ratnapura.
Thus, one may -ask: do these
districts demonstrate, for all
purposes,  approxi-
mately constant returns to scale?
To answer this question, the
sums of coefficients are tested
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Table 5
Correlation Matrices of Production Function Variables in Nuwara Eliya and Ratnapura
Districts

A. Nuwara Eliya district

(Y) (X) (F) () - (R) (A)

Output Area Fert. Labor Rain - Altit.
(Y) 1.0000 8771 4057 .8337* -1872 2243
(X) 1.0000 .4213* 9144+ -.1187 .2088
(F) 1.0000 .3886* -.2006 2214
(L) 1.0000 -.0716 2124
(R) 1.0000 -.3440*
(A) 1.0000
Number of observations: 115
B. Ratnapura District:

(Y) (X) (F) (L) (R) (A)
. Qutput Area Fert, Labor Rain Alti.
(Y) 1.0000 .7858* .8970* .8951* .2241 .0905
(X) 1.0000 .8846* .9451* .0331 .0918
(F) 1.0000 .9383* .1360 1330
(L) 1.0000 1282 .1003
(R) 1.0000 .2907
(A) 1.0000
Number of observations: 44
Notes: *Significance level at one percent.

Only half of the matrix is presented because the lower
half is obviously a mirror image of the upper half.

statistiacally to  determine
whether they are significantly
different from unity.s The sums
of coefficients could exceed 1.41
with the significance level at
five percent in Nuwara Eliya
district. Similarly, the land,
labor, and fertilizer coefficients
minus twice the sum of the
relevant standard error of esti-
mates indicate that the sum of
coefficients could decrease to
.72 at the five percent signifi-
cance level in Ratnapura dis-
trict. Hence, these two tests
suggest that the sum of coeffi-
cients between the two districts,
which measures returns to scale,
may not significantly differ from
one district fo another.

Similar to Sri Lanka, Japan’s
tea production has constant
returns to scale (Heady and Dil-
lan 1961, p. 630). The land and
labor coefficients, .29 and .30

respectively, on the island of
Honshu suggest that these two
factors are equally important in
tea cultivation. “Other” inputs
reported by relatively large coef-

~ficient of .46 may possibly result

from the high intensity of fer-

tilizeér use ‘and mechanization in -

Japanese tea production. The
nature of tea cultivation in Japan
is thatsrelatively small-size, fam-
ily-owned tea gardens are more
land-intensive than those of
large land-extensive but

labor-intensive estates found in

Sri Lanka. It is possnble that
tea estates could gain economies

of scale as size increases in Sri -

Lanka if they optimize the use
of inputs, improve managerial

skills, and maintain a better
employer-employee  relation-
ship.

With regard to the multicol-
lingarity problem, other empir-

1 ical studies which applied the

Cobb-Douglas model have dealt
with the problem in two ways:
(1) Aggregating variables when
they are perfectly complemen-
tary or perfectly substitutable
(Wong 1986), and (2) Dropping
or deleting a principal variable
(Hayami and Ruttan 1985, pp.
141-142). Hayami and Ruttan,
who employed the Cobb-Doug-
las production function model
in international agricultural pro-
ductivity comparisons, attemp-
ted to avoid multicollinearity by
using various alternatives. They
tried deleting principal compo-
nent(s) to explainthe’ remaining
components. This study, where
independent  variables are
neither perfectly complementary
nor perfectly substitutable,
applies a similar approach by
omitting one variable (i.e., land)
from the model to give better
estimates of the remaining input
variables.

Since land area is highly cor-
related in the two districts, the
factor is dropped from the orig-
inal model to obtain new gsti-
mates. These estimates arg pre-

. sented in Table 6. After exclud-

ing the land area factor, labor
and fertilizer  coefficients
improved significantly in Nuw-
ara Eliya and Ratnapura dis-
tricts. More reliable coefficient
estimates in the high-elevation
district suggest that a one per-

.cent increase in labor and fer-

tilizer would increase output by
.55 percent and .17 percent
respectively, ceteris paribus.
These input coefficients are
highly significant. The results
suggest that labor becomes a
more important. source’ of vari-
ation than fertilizer in tea pro-

. duction. When land area is drop-

ped from the model, returns to
scale cannot be tested because
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one of the most essential factors ) . v ) .
%i;letelam;zgtlv::"l(;gll:;alixcslll::lllelgr The Cobb-Douglas Production Function Estimates for Nuwara Eliya and Ratuapura Districts :
to the voefficient estimate of | Model: Log (Y) = los a + bt log (L) + b2 log (F) + b3 log (R) + b4 log (A) -
the original model, shows a -‘ NusiraBliya % Rainapura .:
negative influence on tea culti- | variables District ‘ District \
‘vation. In Ratnapura district, :
rainfall becomes more important | Laber () (1:615.;22-)]" _ (figg; :
(coefficient .72) than other - o f
inputs. The increase of fertilizer | Fertilizer (F) 16369** G1544% :
use by one percent would . (3.934) (3.289) .
increase output by .62 percent, | Rainfall (R) (-.23273)* : 71954 :
whereas the increase of labor (2. 432) & - {2:006) 1
force by one percent would raise | ,,. . (A) 02578 08084 :
output only .42%. These results (132) (.684) 1
suggest that rainfall and the use _
of fertilizer have greater impact | Itereept(a) ?55.‘,”3)5" ziaggf)a 1
on output in the low-elevation | | X ] 1
district than at higher elevations. | R 12795 75096 1
Altitude becomes less s1gmf1cant F-ratio 74,92396** 31.66138°* ;
than all other variables in tea o
production in both districts. Number of observations 115 44 1

. . Notes: In%this model,returns to scale cannot be measured because land area is excluded.
Analysis of Returns to Scale in Figures in parentheses are t-statistics.
JEDB — and SLSPC.managed ** Significance level at oné percent.

Estates * Significance level at five percent.

Table 7 shows the results of
the Cobb-Douglas production
function model for the two agen-
cies in Nuwara Eliya district.
Although the sum of coefficients
(98 for JEDB and .91 for
SLSPC) are slightly less than
one, the results of the test repor-
tedly sugdest that the sum of
the coefficients are not signific-
antly different from one s The
negative coefficient of land size
in the two agencies suggests the
existence of multicollinearity
between independent variables.
High collinearity seems to exist
between fertilizer and land for
JEDB-owned estates, whereas
in SLSPC-owned estates it
appears to exist between labor
and .land. As discussed earlier,
however, multicolinearity does
not prohibit one from making
reasonable estimates in measur-
ing returns to scale.

Conclusion

The results of the
Cobb-Douglas production func-
tion model, which provide statis-
tical evidence to test returns to
scale, suggest that Sri Lanka’s
tea production, on the average,
experiences constant returns to
scale. Even though this study
does not specify an optimum
size of a tea estate, it suggests
that large estates do not neces-
sarily obtain maximum effi-
ciency in production. The results
further imply that the smaller
estates are operating at a rela-
tively higher efficiency level

than larger tea estates.

The individual estimates of
the models generally indicate
that land, labor, fertilizer, and
rainfall are the significant
influencing factors in tea pro-

duction. For Nuwara Eliya dis-
trict, in addition to land the
other influencing factors of tea
cultivation are labor and fer-
tilizer. In Ratnapura district,
however, rainfall and fertilizer
become more important deter-
minants in tea cultivation. The
impact of altitude is not signific-
ant statistically; tea can grow
from a few meters above sea
level to altitudes over 2,500 met-
res. Rainfall appears to have a
negative influence in the
high-elevation, but not in the
low-elevation. The reasons for
this are complex. because the
impact of southwest and north-
east monsoons, the water-hold-
ing capacity of soil, and the
unique topographical charac-

teristics in the study area vary-

considerably, and cannot be dis-
cussed within the scope of this

paper.
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In this study, the reader’s
attention is, however, brought
to notice that the age of tea
bushes, managerial skills, loca-
tional characteristics of
tea-growing  areas, capital
investment, research, and train-
ing are also important, but not

studies are encouraged to
evaluate the importance of such
variables as they change over
the years. The reported constant
returns to scale may also change
as population increases,
advances in technology, innova-
tions in institutions and policies,

Variables JEDB
Land size (X) -.1379
(-1.596)
Labor (L) 1343
(2.043)
Fertitizer (F) .9786**
(14.970)
Rainfall (R) L1142+
(-2.461)
Altitude (A) .0849
( .894)
Intercept (a) 8.9718*
(10.998)
R2 9578 .
Sum of coefficients (L+F+X)  .9750
F-ratio 363.518**
Number of obvservations 88

Table 7

The Cobb-Douglas Production Function Estimates
for JEDB — and SLSPC-owned Tea Estates
in Nuwara Eliya District

Model: Log (Y) = log a + bilog (X) + b2log (L) + b3log (F) + balog (R) + bslog (A)

Notes: Figures in parentheses arc t-statistics.
** Significance level at one percent.
* significance level at five percent.

]

SLSPC

-.1462
(-.467)

.8654**
(2.615)

.1910**
(1.870)**

0221
(.206)

- 5535+
(-2.198)

10.7076**
(5.351)

8930 .
9102
35.060°*
77

included for practical reasons,
in determining the level of tea
productivity in Sri Lanka. The
stagnated tea productivity can
be overcome by replacing the
aging tea bushes with high-yield
varieties, motivating managerial
staff with minimum or no polit-
ical - influences, maintaining
beter labor relations, providing
better husbandary practices, and
increasing research, training,
and extension services. Further

and development in agricultural
research and development.

NOTES

1 Tea is grown in three elevation
zones: high, mid, and low.
:Although actual elevation is tradi-
tionally taken as a parameter to
describe the quality of tea, for an
analysis of policy implications,
estate management, and political
and budgetary administration, dis-
trict boundaries are deemed to be

more practical and important than
actual altitude zonation.

2[n a production function analysis,
the relationship between inputs and
output is measured in physical
terms. Also see Peterson (1989,

-pp. 86-92).

3 A sum equal to unity indicates
constant returns to scale because
the total percentage increase in all
factors of production (land, labor
and fertilizer) willincrease the out-
put by the same percentage. A
sum less than one indicates
.diminishing returns to scale. A sum
greater than one indicates
economies of scale. See Heady
(1946, pp. 989-1004).

4 To test whether the sum of the
coefficients differ from one: add
the coefficients plus twice the stan-
dard errors of three variables of
land, labor and fertilizer. Then
obtain the standard deviation of
this number and divided it into the
difference between the sum of the
coefficient and one.

5A calculation similar to footnote
4 is used to test the significance
of deviation of the sum of coeffi-
cients from unitye
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