
農業經濟半年干U ， 59期，民國85年6月 一 35一
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Abstract 

The paper analysed the components of efficiency in the production of 

pepper in Sarawak, Malaysia. Resùlts showed that the average farm could 

have increased its output by as much as 551 per cent. Inefficiency was 

mainly derived from the excessive utilisation of farm inputs Analysis of 

farm size and efficiency indicated the improvement in several efficiency 

measures but the gain was not overaI1. Thus farmers should increase farm 

size and utiIise farm inputs to optimum levels. This would increase effi­

ciency IeveIs, reduce input costs and directly increase farm income. 

食The authors are Lectures of the Department A目ricultural Economics at the University Pertania口，
Malaysia_ 
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I. Introduction 

Pepper is an important commodity in Sarawak. 1t is listed as th巳

fourth biggest income earner, employs over 52,000 households and covers 

about 9,500 hectares of the state land area (Ministry of Primary 1ndustries, 

1990). As an agricultural crop, it is subjected to the vagaries of price fluc 

tuations of white and black pepper products. The high prices of 1986/87 

had induced greater production but this led to an eventual decline in ex­

port prices by 1990. During the periods of low prices many farms were 

faced with losses that they had to stop production. Thus, the inevitable 

solution is to evaluate the production efficiency of the pepper farms. Does 

efficiency differences exists betwccn farms and what can be don巳 to in 

crease production efficiency to optimum levels? 

1n standard micro-economic theory, production technology is repre­

sented by the transformation (production) function that defines thc maxi-

*The authors are Lectures 01 the Department Agnicultural Economics at the University Pertanian , 

Malaysia 
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mum attainable outputs from different combinations of inputs. Hence, the 

transformation function describes a boundary or a frontier. If the produc 

tion frontier is known, the technical inefficiency of any particular farm can 

be assessed easily by simply comparing the position of the farm relative to 

the frontier. In practice, however, only observations of output levels 

achieved and input levels employed are available. From these observations 

the production frontier are then empirically constructed. Numerous meth 

ods have been developed for the empirical measurement of frontier pro­

duction functions. These methods can be categorised into the parametric 

and non-parametric approaches. 

Measuring efficiency using a non-parametric approach began essentially 

with Farrell (1957). His estimation was based on linear programming tech 

niqucs where a convex disposal hull was constructed based on observed 

illput-Output combinations. The efficiency measure developed were used to 

measure the efficiency of individual decision making units an in Charn白，

et aL (1978), Byrnes, et a1. (1984,1987,1988), Grabowski and Pasurka (1988) 

,Weersink, et al. (1990) , and among others. Non-parametric procedures for 

estimating production frontier functions possess a number of attractive 

properties: (a) th巳y do not impose any ad-hoc functional form on the 

production frontier such as those dictated by parametric procedures, (b) 

they do not necessitate any distributional assumptions Oll efficiency, (c) 

they allO\v estimated of frontiers with multiple outputs and multiple inputs 

without resortillg to restrictive aggregation assumptions, and (d) simulation 

evidence has shown that the production frontier estimated outperformed 

(3) 



- 38 - Dccolllposition Mca~ure~ 0 1" Tcchnical EITicic l1cy for 

Pcppcr Farming in Sal 且W且k，l'v1 且laysi且

translog detenninistic statistical frontiers even when the true frontier was of 

the translog variety (Banker, et al., 1988). 

The purpose of this paper is to estimate the technical efficiency for a 

cross section of Sarawak pepper farm. The empirical analysis will be based 

on the deterministic non-parametric approach of Fare, el 剖. (1985). The 

next section discusses the methodology used in measuring the technical ef 

ficiency of farm. The paper then proceeds with the data and empirical re­

sults and fina lJy ends with the conc1usions. 

11 .Methodology 

Fare, et a l. (1985) begin by spedfying a transformation function , T, 

which sarisfies constant returns to s臼le and strong input disposability: 

T二 {(x，y):y三 YZ，Xz::;至 x，zERk+}
、
、
目
，f

4Ei 
J
'，
‘
、

where 

X三 a (n x 1) vector o[ inputs 

y= a (m x 1) vector of output 

k= the numbcr of [arms 

x= the (n x m) matl'Íx of observed inputs 

Y = the corresponding (m x 吋 matrix of outpu峙， and 

z= the intensity with which any activity (x,y) is utilised. 

(4) 
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The transformation set is illustrated in Figure 1, with m = n 二 J ，

implying one input and one output, wíth three farm observation A,B, and 

巳 The transformation set is bounded bv the line OT and the X axis and 

this correspondents to the notation of 且 total product curve, lndividual 

farm effciency is determined relatíve to the constructed technology frontier. 

For farm A, the maximum potential output, given its observed input use 

Xa, is Y a". The overall meas ure of technical efficiency is eq ual to the ra 

tio of actual to the potential or efficient output. For farm A, this is Yaj 

Ya* which is equivalent to the measure of inefficiency as defined by Far­

rell (1957). The overall measure of technical efficiency, TE, for individual 

ob臼rvation i, can be 巳xpressed

Figure 1 Transformation Set (T) Under Constant Return to Sca1e 

Y 

Yc i: = Y/le 

/c 
Y"，"'=丸'，-Y，/"I"o" I /1) 

Y, .~Y，/ J e, 

YYA 

X 

() I :\., X h X叮

(5) 
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TE (x" y.) == ma耳 {x" 。此)E: T} (2) 

and can be calculated through solution of the following linear pro-

gramming problem: 

TE (x,y) = max由 (3) 

5t 

308 

ERA星 X， j= 1,2,....,5 

308 
2: y; z;-y，白手。

Xi，Yi 三三 0

The first constraint is wiht respect to inputs. In this 5tudy five inputs 

are used namely number of vines cultivated, fertiliser, chemical, herbicide 

and labour (manday). The left-hand side of the constraint constitutes the 

theoretical efficient farm against which the itb farm is compared. The con 

straint states that the theoretically efficient farm uses an amount of inputs 

that is less than or equal to the amount utilized by the itb farm in produc 

ing the output of the i'h farm. 

The second constraint is with respect to the output. The output con­

straint consists of two parts. The component l yõ丸， represents the maxi-

(6) 
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mum output of the theoretically efficient f::um, given the actual level of in­

puts [[ sed by the ith farm. The component (-y, @ ) is the actual le\'叫 of

output of the iLb farm , which is obtained by multiplying farm output，氓，

and rhe level of inefficiency , @ .1( the farm is overall technically efficient, 

the由二1. As a result, the component ~ yιis exact1y offset by (-y; @ ) 

. Hence, the level of output of the iLb farm is the same as the theoretically 

efficient farm output. If the farm is technically inefficient. then 由> 1 

which indicates that the theoretically efficient output [~ y i z; ] is greater 

than the actual output of the j-th farm , y'. Since 308 farms were surveyed, 

a seri巳s of 308 such linear programming exercises must be solved to de­

termine the technical efficiencies of each farm. 

Overall technical efficiency can be disaggregated into two components 

nam巴ly scale and pure technical efficiencies. In order to distinguish be­

tween these two components the original transformation set T specified in 

equstion (2) is modified to allow for increasing and decreasing return to 

scale. Afriat (1972) has shown that by restricting the intensity vector to 

sum to one, all the three types of increasing, constant and decreasing re 

turns to scale can occur. A new transformation set incorporating this non 

constant return to scale technology can be expr巳ssed as: 

T'二 {(x，y):y歪丸，X，三五 x，zERl + ~ Z，二 1} (4) 

The new transformation set is shown in Figure 2 along with the orig­

inal three farms A, B, C and bounded by the curve X.ABCT'. Pure tech­

nical efficiency (PE) , can now be defined relative to the frontier. For any 

(7) 
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particular observation (五趴)， pure technical efficíen叮 can be expressed as: 

PE (X;,y,) == max (0.l ，:(氓，y，) E T') (5) 

Thus, PE equals one for all three observations in Figure 2, since all 

of them are on the technology frontier. To calculate this value numerically, 

the linear programming problem given by equatîon (3) is solved with an 

additional constraint that sums up the elements of the intensity vector to 

one: 

308 
2: 2,=1 (3a) 

Following Byrnes et al. (1987) and Weersink et al. (1990)., one can de 

termine the scale efficiency, SE, that is whether a farm operates under 

constant or non-constant returns to scale by taking the ratio of TE to PE 

for an observation. This can be expressed mathematically as 

Figure 2 Transformation Se1(t) Under Non-臼nstant Return To Scale 

y/r~::YJI~\ 

Y, 

Yh+'=.Yh=YJI t::" 

Y ， '~Y/I-e_， 

Y , 

() X" X" 

(8) 

x r 
X 
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SE (x.,y) = TE (x"y) jPE (x.,y,) (6) 

If the tetchnology exhibits constant returns to scale at the observed in 

put and output combination, --the SE (x.， y.) 三1. Non-constant returns to 

scale occurs when SE (x" y;) 中 1 . 1n Figure 2, 6) 1 for a lJ the three 

observations; however, this is not always the case. At B both PE (Xh'YI') and 

TE (Xh'Yh) equals to one and thus SE (Xh'Yh) 二1. Observations A and C 

represent cases of increasing and decreasing returns to scale respectively. 

PE (x"y,) and TE (x"YJ are both equal to one, while TE (x"y,) and TE (x" 

y,) are both greater than one. To determine the direction of non-∞nstant 

returns to scale, a third transformation s凹， T * , which imposes non­

increasing returns to scale, is defined. This is done by restricting the inten 

sity variables so that 2: z，豆豆 1. The new transformation set Îs 

T:::;::: {(且，y):y豆 Yz，Xz豆豆凡zER~-九2: z; 三三 1} (7) 

The non-increasing returns to scale technology frontier is illustrated in 

Figure 2 by the curve OBCT'. Given the above transformation s肘， another 

measure of scale efficiency, WE弋 relative to this set can be written for ob 

servation(x,,y;) ,as 

WE*(x" y):::;:::max (6J i :(x; ， @y)ET叮 (8) 

This 巳guation differs from the pure technical efficiency measure only 

(9) 
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in the inequality restriction on the summation constraint for the intensity 

variable elements. Consequently, it is calculated by solving a third linear 

programming problem given by eqution (3) and the following constraint 

replaces equation (3a): 

~z 三三 1 (3b) 

There are two possible cases when SE"* 1. If TE三 WE傘， increas­

ing returns to scale exist and if TE 半 WE* then decreasing returns to 

scale exists. 

The next component of overall technical efficiency is congestion, i.e., 

。ver-utilisation of some input(s) to the point that output falls. Under 

strong disposability of inputs, congestion cannot 0凹ur. In order to model 

the possibility that some inpus might have an adverse effect on output (if 

they are used in too high proportions) , we changed the technology and 

imposed only weak rather than strong disposability of inputs. According to 

Fare, et al. (1985) , this can be accomplished by changing the constaint Xz 

< X into Xz=λ" where 0 <λ< 1. The technology frontier can be 

represented as follows: 

THKA):y 〈 YZPXZ=λ ，，0 <九三 1，zERk +, Z z,= 1} (9) 

whereλpermits the over-utilisations of inputs by rela芷ing the strong 

disposability assumption. Another measure of pure technical efficien句， PE弋

(1 0) 
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can now be derived relative to the frontier of this weakly disposabler tech 

nology: 

PE*(x;,y.)=max (@i:(抖，由 y;)ET叫} (10) 

This is calculat巴d by solving the follo\ving linear programming problem: 

PE*(丸'Yi)=max@ (3c) 

st 

308 
Zxzt=λ 耳l i 三 1 ，2，.......，5

HHV 

三
-

8 
句L

捌
Z
M

308 
~ Zi;;三 1

。< λ 三五 1

The effects of congestion CE, or over-utilisation of any particular input, 

can then be determined by the following calculations. 

CE(x叫= PE(x"y.)jPE*(x"y.) 、
、
'
，J

1 
可
E
A

J
'
.‘
、

Congestion is evident for an individual farm if CE > 1 (weersink, 

) l l ( 
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1990). Over-utilisarion of inputs is not present if the pure technical effi 

cien句 measur目前 defined under weak (PE叮 and strong (PE) input dis­

posability assumptions are equal. 

With the above conceptual framework and if one assumes that the 

technology obeys strong disposability of inputs 、，vith constant returns 10 

scale , then TE(芷。 y.) 二 PE*(X.'Yi)' Thus TE(x" y) can be regarded as the 

Farrell's measure of constant returns 10 scale under the strong disposable 

input assumption. Hence we have the following disaggregation: 

TE(x" y) 二 SE(X;，y.).CE(X;，y.).PE*(x"y.) (12) 

ln 5ummany equation (1月 is a decomposition of Farrell's measure of 

t巴chnical efficie叫I into (a) scale efficiency which measures output l05s due 

to deviations from constant return 10 s阻l巴， (b) congestion efficiency which 

measures output loss due to over-utilisation of inputs and (c) pure techni 

cal efficiency which measures output loss due to technical inefficiency. With 

re~pect to all th巳 measures， production is efficient in the relevant range if 

the measures equal to unity. If there is inefficiency due to scale, congestion 

or pur巳 inefficiency， the corresponding measure wiU be more than unity. 

Thus the difference between unity and the observed value yields the per 

centage of potential output los5 due 10 a particular type of inefficiency. 

[n order to determine the efficiency measures for the sample farms , 

individual linear programming exercises were carried out for each of the 

measures described by equations (3) , (3a) , (3b) and (3吋. Since 308 farms 

(\2) 
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were investigated, the results of the analyses were based on 1232 linear 

programming solutions. The data and results of the analyses were presented 

in the fo lJowing section. 

III.Data and empirical results 

The data employed in this study consisted of information on produc­

tion and inputs used by a sample of 308 pepper farms in Sarawak. The 

Table 1 Swnmary of Data Used 

Small Farrn Medium L叮ge Farrn All Farrn 
Farrn 

Output(k:g) 1598.73 1744.27 2302.71 2∞3.關
(1123.師) (1513.85) (1科6.99) (1577.97) 

Fertilizer(k:g) 1932.48 1959.13 2位6.31 2039.19 
(1住>6.39) (1815.13) (1893.84) (1756.57) 

。lemical(lt) 265.99 278.18 436.97 356.23 
(181.22) 。56.26) (645.55) (513.83) 

Herbicide(lt) 473.07 413.11 396.83 414且7
(461品) (574.77) (由7.95) (57533) 

Labor 381.04 383.四 指6.53 4且.77
(manday) (130.97) (153.6勾 (148.75) (153.35) 

NO.of Vines 181.92 343.21 8CXJ.81 548.88 
(37.95) (62.25) 。59.27) (365.45) 

Note: Figures in p叮enthe記s are standard d巳yiation.

(1 3) 
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Table 2 Frequency Distribution of Technical Efficiency Measures 

Technical Efficiency 

Overall Pure Scale Congestion 
(TE) (PE*) (SE) (CE) 

12 43 24 24 
l∞% (3.90) (13.96) (7.79) (7.79) 

2 Z 142 67 
時99.9% (0.65) (0.65) (46.10) (21.75) 

由.四.9%
4 10 49 71 

(1.30) (3.25) (1 5.91) (23.05) 

70-79.9% 
9 4 35 40 

(2.92) (1.30) (11.36) (12.99) 

品-69.9% 13 17 27 28 

(4.22) (5.52) (8.77) (9.09) 

50.59.9% 14 17 5 20 

( 4.55) (5.52) (1.62) (6.49) 

40-49.9% 23 24 3 16 

(7.47) (7.79) (0.97) (5.19) 
30刁9.9% 45 41 5 9 

20-29.9% 
(14.61) (13.31) (1.62) (2.92) 

62 59 6 15 

10-19.9% 
(20.13) (19.16) (1.95) (4.87) 

83 59 7 8 

Less than 
(29.95) (19.16) (2.27) (2.60) 

10% 
41 32 5 10 

(13 .31) (10.39) (1.62) (3.25) 

Total 308 308 308 308 

(100.00) (100.00 (1叩.00) (100.00) 

Note: Figure 垣 parentheses are per臼ntages to th巴 total

(14) 
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farms were further divided into small, medium and lange farms. The divi 

sion is based on the number of vines planted by the farms. A small farm 

is defined as having the minimum number of 200 planted vines. This is 

because input subsidies and other agricultural services are only provided by 

the government to the small farms. Outputs produced by the farms in the 

sample are in physical unit (kg). Inpu臼 of production include the number 

of vines, fertilìser , herbicide, chemical are in physical unit while labour is 

in man-day equivalent. A summary of the data statistic is presented in 

Table 1. 

The series of four linear programming models were solved to deter­

mine the measure of technical efficiency and the direction of the returns to 

scale for each of the 308 sarawak pepper farms in the sample. The linear 

programming models will generate the efficiency levels of each farm by 

comparing the uti1isation of inputs and relative to all other farm. Table 2 

summarises the frequencies of estimated measur目。f overall technical effi­

ciency (TE) , pure technical efficiency (PE勻， Congestion efficiency (CE) , 

and sca!e efficiency (SE). The overall technical efficiency for the whole 

sample of farms ranged from 1.1 to 100.0 per cent, with 3.90 per cent of 

the farms exhibitìng complete overall efficiency. The mea,n efficiency value 

was calcu!ated at 23.60 percent, and this meant that the farm in the sam­

ple \vere operating at a lower level of technical efficiency. 

Table 3 shows the means and standard deviations of the four measures 

of efficiency for th巴 sample as a whole as well 的 by farm size. The over-

(1 5) 
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all technical efficiency, TE, of the farms on average is 6.51. Recall that a 

value of unity represents efficient prodction, i.e. actual output is equal to 

maximum potential output as defined by the best practice in the sample. 

Thus the result indicated that farm could have produced 551 per cent 

mOre than they actually produced had they all been operating with overall 

technical efficiency. The decomposition of technical efficiency into scale, 

pure and congestion efficiency component showed pure inefficiency to be 

the primary source of technical inefficiency in the farm operations. The av 

erage pure technical efficiency is 5.26. Thus, output could have been in>

creased by 426 per cent if the farms were pure technically efficient. The 

average scale efficiency measure is 1.93. This means that output could have 

been increased by 93 per cent if farms had been operating at constant re 

turns to scale. The congestion technical efficiency measure is 1.49. This 

also meant that outpllt could have been increased by 49 Per cent if farm 

had used inpllts optimally九 With respect to efficiency, it is apparent that 

pure efficiency contributed the biggest share of output lQss. On average, 

scale and congestion technical inefficiencies were also important sources of 

overall technical inefficiency. 

As discussed iI?- the previous section, constant, increasing or decreasing 

returns to s且le can be determined by taking the ratios of TE(x,y)and PE令，

y). We*妒，y) is used to determine if scale inefficiencies are dlle to operat­

ing at ∞nstant， inc目前ing or decreasing returns to scale. Farms exhibiting 

constant returns to scale are scale efficient, i.e., SE(x， y) 二1. Scale ineffi 

ciency as a source of technical inefficiency sugg聞自 that various farm size 

(16) 
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Table 3 Mean and Standard Deviation of Technical Effjciency by Farm Size 

Effici巴ncy Measure 

Overall Pure Scale Congestion 

Small 3.4田8 3.8741 1.7409 0.7插4

(2.3830) (3.0362) (1.1058) (0.扭曲)

Medium 7.3286 7.2401 2.5297 1.535X) 

(10.84間) (13.15凹) (8.9772) (3.54ÇKJ) 

Large 6.8591 4.3287 1.5790 1.6823 
(9.4025) (6.0214) (3.6739) (1.6910) 

A且 6.5051 5.2613 1.9主" 1.4叩2

(1.9主抄) (8.9932) (5.8911) (2.4228) 

Note: Figure in parentheses are per臼ntages to the total 

do in fJ uence their technical efficienci凹. In order to provide more direct ev­

idence of this, the farms were grouped according 10 three different size 

categories: small (星 200 vines) , medium (201 -400 vines) and large (>400 

vines) farms甸 The results obtained by the size class suggests that the per­

formance does very by farm size. The composition 0 1). the inefficiency 

changes systematically. In general as farm size incre刮目， inefficiency aIso 

lncreases. 

Pure and scale inefficiency initially increases as farm size increases 

from small to medium. But as farm becomes large, the inefficiency de-

(1 7) 
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creases slightly. This could be due to gains to technical and scale efficiency 

as size of operation is being increased. Congestion inefficiency on the other 

hand, increases as farm size becomes large. This implied that farms kept 

increasing farm ìnput use even past their optimum levels with respect to 

outputs acheived. 

The most significant efficiency differences appeared in the scale mea­

sure in both size classification. A firm is scale inefficient when it operates 

at non-constant returns to scale. The evidence presented in Table 4 shown 

that, on average the larger the farm size, the more scale inefficient they 

became and production was concentrated at the point of decreasing returns 

to scale. That is, these farms could have increased total factor productivity 

Table 4 Retums to S臼le Dis仕ibution by Farm Size 

Constant h口問S旭E Decr目sing

Small 42 4 
(89.36) (8.51) (2.13) 

Medium 69 4 33 
(65,(19) (3.77) (31.13) 

Large 43 2 110 
(27.74) (1.29) (70.97) 

All 154 10 144 
(到.∞) (3.25) (46.75) 

Note: Figure in p位enth自由 are per血ntagl自 to the total 

(1 8) 
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had they been operating at a smaller scale. However, in the case of small 

and medium farms, they are very likely to be producing at the point of 

constant returns to scale. 

The presence of pure ine1'ficiency as the m吋or source of technical in­

efficiency indicated the inability of farms to solve certain technical prob 

lems in the production process thus resulting in losses of output to the 

farms. In other words, pure technical inefficiency occurs when, given the 

existing technology and input combinations, a firm could produ臼 more

output with the inputs it currently employs (or the same level 0 1' output 

with fewer inputs). 

From the standpoint of congestion efficiency, only 7.8 per cent of th巴

farms in the sample performed well i.e were e1'1'icient and production oc-

Table 5 U且ge of Inputs in Pe耳Jef Farm 

Congestion Congestion Quantum of 
Inefficiency Effici巴ncy Excess 

(%) 

Fertilizer(kg) 2068.54 1961.64 22.26 

Herbicîde(lt) 423.21 305.86 38.37 

口leTIÚcal(lt) 326.56 234.03 39.54 

Labor(manday) 425.07 421.21 092 

(19) 
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curred on the isoquant. The ourput of the rest of the farms could have 

been increased by reducing the application of som巳 inputs. Thus, farms 

that are faced with congestion inefficiency show巳d that their usage of in 

puts in the production of pepper were higher if compared to the efficient 

farm levels. Table 5 indicated that the quantity of excess utilization of in­

puts was at the 22.2, 38、4， 39.5 and 0.9 per cent, for fertiliser, herbicide, 

chemical and labour respectively. 

IV.Conclusion 

The purpose of this paper is to estimate the technical efficiency for a 

cross-section of Sarawak pepper farms and to provide an explanation for 

inefficiencies that currently exist. By relaxing the assumption of strong dis­

posability and constant returns to scale on production frontier, technical ef­

ficiency can be disaggregated into three components namely scale, pure and 

congestion efficiencies. These components can identify the sources of inef 

ficiency in production and can be easily calculated as solutions to relatively 

simple linear programming problems. 

The results of the study indicate that the production of Sarawak pep­

per in the sampled farms are technically inefficient. Farms had the poten­

tial to increase production by up to 551 per cent more than they were ac 

tually producing had they all been operating at overall technical efficiency. 

Output could have been increase by up to 426 per cent if optimal effi 

ciency is achieved. Another source of inefficiency is due to non-optimal 

(20) 
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scale of production. About 3.25 per cent of farms are operating at in 

creasing returns to scale while 46.8 per cent are at the decreasing returns 

to scale. On average, output could have been increased by 93 per cent if 

farms had been operating at optimal scale efficiency. In the case of con­

gestion inefficiency, all inputs used are at a leveI higher than the optimal 

levels suggested by the production models. 
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