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ABSTRACT

This thesis attempts to prdvide a better understanding of the
nature of perforﬁaﬁée of improved rice technology,vparficularly in
relation to irrigation. It shows that field water conditions not
only affect yields directly, but also influence the crdp response
 to'fertilizer and the level of fertilizer use. The efficiency of
irrigation water utilization is shown to depend not only upon the
supply and distfibution of the irrigation watér, but also and more
importantly oh the way farmers utilize it. It thus highlights the
importance of farm water management in the application of the

improved.rice'technology;

Factors affecting farm wéter‘management are énalysed, and

" performances of.groupé of farmers are compared, not only in terms

. of yield and profit, but also in térms of the technical, price

and economic efficiencies of farmers. This study'also assesses
the distribution of benefits of rice cultivation among farmers,
and compéres them with those of farm size, pet capita incomes, and
of technical and price efficiencies. Policy implications of the

' study findings are given and directions are suggested for fﬁrther,‘
research to increase yields and profits and to iﬁprove these

distributions.
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CHAPTER 1

INTRODUCTION

Rice in. Indonesia's Economy

Riée is very important in Indonesia's economy because it is. the
strongly preferred‘staplé of nearly the entire population and because
about 69 per cent of its family households grow it in sawah or wet |
paddy fields‘(BPS_1976). The price of rice is a barometer for other
commodity prices, especially when it risés. Thus, because of its
' paramount importance in the national economy, rice is called upon to
play dual roles, those of a staple food ahd of a price stabilizer

(Afiff and Timmer 1971).

Over the last 50 years, Indonesia has been transformed from a
leading rice exporter to the world's largest importer of both commer-
cial and'concessidnal rice (Timmer 1975). This is due to the fact
that the growth rate of rice production has been lower than that of
population and domestic supply has lagged behind demand. Although
indonésia imports rice, other ‘basic carbohydrates are exported,
indicating not only how important rice is to the population, but also
‘how difficult it is for.moét of the population to shift from rice to
another staple. In the lastvthreé decades (1950-1979), Indonesia had
imported 22.8,million mt (metric tons) of rice, at an average of 0.76
million mt yearly and with a range from 0.13 millibnkmt in 1955 to 

2.6 million mt in 1977 (Table l.l).l,

Since independence, the governmeht of Indonesia has ¢onsistentlY'

pursued the goal of national self-sufficiency in rice production

"According to an FAO expert, the marketable surplus of rice in
international markets in 1977 was about 4.5 million mt. Indonesia's
rice imports in that year were more than 50 per cent of this
international marketable surplus (Majalah Tempo, Jakarta, November 5,
1977, p.6).




" Table 1.1 Indonesia's rice production, imports and consumption,
1950f79 (million mt milled rice)

. Yield Population Avallabl}lty

Year . Production (mt/ha) Imports (million) per capltaa

' : (kg/capita)—/
1950 5.79 - 1.06 0.33 77.2 75
51 .5.98 1.07 0.53 78.7 78
52 6.39 1.09 0.77 80.3 : 84
53 - 7.03 1.13 0.34 81.9 - - 85
54 - 7.53 1.18 0.26 83.7 88
55 o 7.22 1.14 0.13 "~ 85.4 . 84
56 - 7.30 1.13 0.77 87.3 . . . 87
57 . 7.63 S1.12 0.83 89.2 . 90
58 7.98 1.14 0.71 91.1 .90
59 8.29 - 1l.16 - 0.61 93.2 90
60 8.76 1.20 0.89 . 95.3 96
61 - 8.27 1.21 1.01 97.5 91
62 8.89 1.22 - 1.0l 99.3 94
63 7.93 1.18 - 1.07 101.2 - 84
64 8.42 1.22 1.02 103.3 86
65 . 8.84 1.16 0.14 105.4 80
66  9.14 1.21 0.24 107.6 82
67 9.32 1.22 ~0.35 109.9 83
68 11.67 1.45 0.48 112.4 - 102
69 12.25 1.54 0.24 114.9 . 102
70 13.14 1.62 0.32 117.5 108
71 13.72 1.65 0.12 120.1 108
72 . 13.18 - 1l.67 - 0.34  123.1 103
73 1l4.e6l1 1.74 1.86 - 126.0 124
74 15.28 1.81 1.13 129.1 120
75 15.19 1.80  0.69 . 132.1 113
76 15.85 1.89 ©1.28 . 135.2 120
77" 15.94 1.90 2.60 1138.3 125
78 17.53 2.01 1.30 141.6. 125

79 17.90 2.08 0.75. - 145.0. 128

' a/ “Availability per capita = (net production + import)/population.
Net production = 0.94 x production (it is estimated that six
per cent of production is for seed and losses).

Source: 1950-67 from Mubyarto (1975), 1968 from IRRI (1977),
1969-77 from Nota Keuangan dan RAPBN Indonesia 1979/80,
and 1978-79 from Harian Kompas Jakarta, 30 January 1979
(estimated figure) and Bratamidjaja (1980).




and has implemented prégrams of rice production intensification, both
because of the significance of rice to Indonesia and in recognition of
the fact that the surplus marketed internationally may not always be
sufficient to meet the gap in the country's needs. According to Burki .
and Gdéring (1977), there may be a gap by 1985 between domestic food
production and the food needs of 45-70 million mt in thevlow income

developing countries.

Government aims of increasing rice production through intensi-

fication programs were first set out in 1952 within Kasimo Welfare

Plan; This'plan set a target for Indonesia of self-sufficiency in

rice production by 1956. 1In pursuit of this, a number of Balai

Pendidikan Masyarakat Desa (BPMD) or Village Community Education
..Centres were established, particularly. in rice prbduction areas. Good
farming techniques were demonstfated at these BPMD in the hope that
they would gradually spread from there through the farmlng communlty.
".Thls pattern of extension was the same as the 011e vlek or oil spot
method used in the early Dutch colonial program. Progress achieved
was very slow and the target of self—suff1c1ency in rice production
was not reached.2 With a slow -increase in rice-production between
1952 and 1958, imports of rice increased, particularly in the 1956 to
1958 period (Table 1.1). |

' Ffom 1959 to 1962, the government undertook another rice inten4”
51f1catlon program called Padi Sentra or Paddy Centre. >It was the
. first attempt by the government to organlze the supply of inputs on a
large scale'(espedially fertilizers) to rice farmers in Java (sajogyo
and Collief 1973) . Each Padi Sentra was responsible for'coordinatingv
ricé prbduction intensificétion on about 1,000 héctares,-énd the aim -
' was to include about 1.5 million hectares in the program by 1964.
'Unfortunately, the program had proved a failure by 1962 and 1ost about

two billion ruplahs. Causes of failure 1ncluded

(a) Farmers' very unfavourable reactlon to the strong centra11~v

zatlon of the program in general and to low rlce prlce in

. For further discussion of the Kasimo Welfare Plan and the Padi
Sentra program and its ultimate failure, see: Higgins (1957),
Soedarsono (1971), Bulog (1971), Afiff and Timmer (1971), Rukasah and
Penny (1967), and Timmer (1975).



particular; -

(b): The abuse of credit by officials dlstrlbutlng it and by

the farmers receiving it;

(c) Most of the Padi'Sentras, which were set up at short
notice, were seriously under-staffed with competent

technicians (Timmér 1975).

The Padi Sentra organization was abandoned in early 1963, and the
failure of the program caused a significant decrease in rice produd—
tion in that year, and higher imports, exceeding one million mt

annually during 1961-4 (Table 1.1).

A new approach to rice extension was then introduced, which 

' originated from the Bogor Institute of Agriculture in the 1962/63 rice
seaéon in Java and was expanded to a national scale in 1964/65 season.
In this program farmers were provided with adequate credit in kind and
cash with a complete demonstration in the field, and direct guidance-
onvhow to adopt new inputs and improved rice technology. This program
was called BIMAS.3 The area under the program increased,substéntially
(though with fludtuations)unfil 1975 (Table 1.2). Reductions in area
' coverage after 1975 were due partly to poor repayment of éredit by

the farmers, to the limited aréa.of irrigated sawah which could be
-included in the intensification program, and to a lack of supportlng

1nst1tut10ns at the Vlllage level (Teken and Kuntjoro 1978)

It is obvious, however, that the program increased rice pfoduc—
tion substantially (Table 1.1), for_aréa coverage under the intensifi-
cation prbgrams_(Bimas + Inmas) reached . about 50.per cent of'total

rice harvested area in 1977 (Table 1.2).

3 ‘ : ‘ _
BIMAS is an acronym for Bimbingan Massal or Mass Guidance or
extension. It is an agricultural intensification program providing
farmers with a package of inputs including fertilizer, extension
services and official credit. Until 1967, the direct guidance was
given by students of agricultural faculties of most universities in
‘Indonesia. These students lived in the villages during the rice
season. In 1969, the Bimas was called Bimas Gotong Royong or mutual
self-help program in which the government contracted with several
foreign companies to provide credit for the program. Since 1969 there
has also been INMAS (Intensifikasi Massal or Mass Intensification)
similar to Bimas but without the provision of official credit. Slncé
the introduction of IRV (international rice varieties) there have been
the programs of Bimas Baru (using IRV) and Bimas Biasa (using non IRV).




Table 1.2 Harvested ricevarea, Indonesia, 1964-77,

(1000 hectares)

Year ‘Bimas Inmas Bifas Non inten- Total
Inmas sification
1964 0.1 - , 0.1 6,979.9 6,980
65 - 9.8 - 9.8 7,318.2 7,328
66.  340.6 - 340.6  7,350.4 7,691
67 -~ 522.0 - 522.0 6,994.0 - 7,516
68 1,596.2 - . 1,596.2 6,367.8 - 7,964
69 1,309.0 821  2,130.0  5,884.0 8,014
70 1,248.0 905 ° 2,153.0  5,982.0  - 8,135
71 1,396.0 1,392 2,788.0 5,536.0 8,324
72 1,203.0 1,966 3,169.0 1 4,729.0 7,898
73 1,832.0 2,156  3,988.0 4,415.0 8,403
74 $2,676.0 1,048 3,724.0  4,785.0 8,509
75  2,683.0 954 3,637.0  4,858.0 8,495
76 2,424.0 1,189 - 3,613.0 = 4,756.0 8,369
77°  2,056.0 2,173 4,229.0 4,159.0 8,388

Sources: 1964-8 from Afiff and Timmer (1971) and Statistical
Pocket Book of Indonesia, 1968-9, BPS Jakarta; - and
1969-77 from Nota. Keuangan dan RAPBN Republik Indonesia
1979/80. . : :

Encouraged, perhaps, by these good results the government again
set the targét of self-sufficiency in ricé production for the end of
Repelita IT(Thé First Five Year Development Plan, 1969-73), but again
this target waé-not met. Indeed‘in 1973, rice imerts‘were the highesf
ever, -at' 1.86 million mt (Table 1.1). During Repelita,II, 1974-78,
highest prioriﬁy Was again given to increasing ricevprdduction but
results were still unsatisfactory, with production and yields Both

below targets.



Table 1.3 Harvested area and average yields on areas of
intentisification of rice production and national
average yields, 1963-78 (yields in milled rice).

Area of Yield of Average

Year intensi- - intensi- national . Differences
fication fied area ‘yields
('000 ha) ~ (mt/ha) (mt/ha)
1963 0.1 3.45 1.15 2.30
1964-68 . 2,468.7 2.86 .1.26 1.60
1969-73  14,228.0 . 2.13 1.64 0.49

1974-78  15,203.0 2.29 1.85  ° 0.44

Sources:. Afiff and Timmer (1971), Nota Keuangan dan RAPBN Repubiik
Indonesia 1979/80, Buku Repelita II 1974-78, and draft
Buku- Repellta III 1979-83. .

- Comparison of total areas under intensification programs and

' average rice yields on these areas over time show a generally inverse
relation’(Table 1.3). Yields in the early years on small areas of
intensification were high, particularly in relation to national’
averages. With time and an expansion of intensification, yields on
thése intensified areas dropped by one third or more, whilst the
national average yield rose 61 per cent, thus greatly narrowing the

difference between the two.

. Reasons offered for this have been that with intensification,
management becomes more difficult as the ‘area expands, the lack of
persénnél to givé direct'guidﬁgFe to farmeré onkfhese'areas becomes
more acute, and inclusion of/number of poorly irrigated areas in the v
projects‘to achieve area targets for the intenSification'areas as |

’planned in the Repelita I and-II_.4

~ This decline in yield on areas of intensification is all the more v

4 ‘ ‘ : .
Readers interested in Bimas programs, see for further discussion:

'Rukasah and Penny (1967), Mears and Afiff (1968) , Rieffel (1969) ,
Soedarsono (1971), Hansen (1971), Franke (1972), Collier (1972),
Truc‘(l975)[ Birowo (1975), Soewardi (1976).



important since the average yield natibnally for Indonesiavisblow _
compared with those of more developed countries in Asia and the Pacific
(Table 1.4). In 1975, Indonesia ranked sixth and its average yield Qas
less than ohe-half that of the Republic of Korea and was 37 per cent of

average yield of Japan. Iﬁs absolute and relative position was even

worse in terms of per capita availability of rice.

- Table 1.4 Rice yield, population and availability per capita
of rice in some Asia and Pacific Countries, 1975.

Country Rice'yieldé/ Populafion?/ Availabil%tyg/
- (mt/ha) Number = Ranking per capita

‘ ‘ Number Ranking
rJapanv ' 4.76 111.6 4 118 7
Korea, Rep. of ~  3.83 35.3 9 o132 4
China, P.R. 3.29 838.8 1 . 139 3
Australia 2.66 13.5 12 29, - 14
Malaysia l.§8 o 9.9 13 - 119 6
Indonesia 1.81 130.6 3 118 7
Taiwan 1.64 . 16.1 11 80 10
Philippines 1.60 42.5 7 69 11
Pakistan - 1.44 ' 70.3 6 33 13
Bangladesh . 1.40 76.8 5 129 5
India © 1.06 © 598.1 2 67 12
Thailand : 0.95 © 41.9 8 190 1
Burma | 0.94 30.2 10 159 2

jv Kampuchea 0.74 | 8.1 14 . 9 8

. @/ in milled rice, except for Japan in brown rlce.'
b/ in million people.
c/ .in kg rice/capita.

‘Sources: Rice yields from IRRI (1977), Constraints to high- yield on
" Asian rice farms: An interim report, for Bangladesh,
Indonesia, Philippines, Taiwan and for Thailand; for other
countries, from Statistical Yearbook for Asia and the
Pacific 1976, United Nations. Population from the
Statistical Yearbook (ibid.}, and from China Yearbook 1978,
China Publishing Co., Taipei, Taiwan (for Taiwan only) .




,ThevProblem

Past experience with these various attempts to incfease rice
production in Indonesia have revealed various constraints that have
1imited the growth rate of the rice production - bioloéical, tech-
nological, socio-economic and infrastructural. These are interrelated
and complex, and thus are difficult to remove,,requiring research to
provide a basié for policies and planning decisions for the further

development of rice production.

One of the most important constraints on achieving high rice
produdtion levels and yields is availability of irrigation water and
itsvcbntrol at field level. With ample water, the command area of an
irrigafion system can be cultivated twice or three times a year,'but
'frequently supplies restrict cultivation to only one crop a year. With
QOOd water control at field level, the. yiéld response of a rice crop
to inputs such as chemical fertilizers will. substantlally exceed those

from traditional dlstrlbutlon systems.

The importance of water control in the implementation of improved
rice technology or the Green Revolution (using IRV, chemical fertili-

zers, and pesticides) has been stressed specifically by many writers.5

The term 'Blue Revolution' has been used to dramatize the need for

- such improved water control. Blue and Green Revolutions are clearly

needed concurrently.

As suggested above, there are two important aspecté to irrigation
water management. First, the requirement of adequate quantities of
water for the irrigation area,6 and second, efficient utilization of
irrigation watei is needed at field level, e.g; with controlled water

depth and duration ih'rice fields, as appfopriate to‘particular stages

> See for example: Wharton (1969), Johnston (1969)} Falcon (1970),

Barker (1971), FAO (1972), Shand (1973), Herdt and Wickham (1975),
PEO-ANU (1976), Palmer (1976), Taylor (1976), Mears (1976), APO (1977),
and Taylor and Wickham (1979)

6 ’According to APO (1977, p.13), only two per cent of the 80 million
hectares of rice land in 16 countries are adequately 1rrlgated 33 per '
cent inadequately, and the remaining 65 per cent are rainfed.



of rice cultivation.

With regard to the first aspect, water supplies can be augmented
in many ways: 'ﬂl) pumped from undergroﬁnd sources by means of wells,
(2) drawn from the natural flow of streams, (3) obtained by damming or
otherwise regulating the flow of streams. It may be applied to the
cropiby flooding, by channels, 6r by spray.' (Clark, 1970, p.l). In
Indonesia most of the water supply for rice cultivation is; obtained = ¥
from rivers by gravity flow irrigation systems (about 65 per cent of - .
total rice land); some of the rice land (abbut 17 per cent of7thé
totai) is still unirrigated (dry land paddy and rainfed sawah); and

a small proportion comprises tidal and sWampy areas (Table 1.5).

"In the béginhing of the Repelita I, emphasis was given to large
scale rehabilitation programs. Experience. showed that development of
‘ large scale irrigation systems7 fequired considerable capital and
time. This experience along with an increasing concern for equity
.issﬁes in development process, induced a reorientation-of’gdvernment
poiicy in terms of scale and locétion of irrigation construction.. In

1974, the Indonesian government introduced "Program Irigasi Sederhana"

- (simple Irrigation Scheme) in which small scale irrigation schemes,
of approximately 2,000 ha, were built by labour intensive methods,
with locations outside Java (e.g.'Sumatfa and Sulawesi)bdesignated as

‘priority areas (Sinaga and Hafid 1979).

Future development of irrigation ih Indonesia will be concentrated
on more intensive system rehabilitation, including the construction of
tertiaries, development of a nﬁmber of new iarge to medium'scale.dams
designed to increase the water supply to existing systems, and inves-
tigation of the hydrology of areas”with ground water resources to .

. determine the maénitude of the reserves, their response to water with-
drawal, water quality and the sources of replenishment. -{World Bank,
1978,.pp.l7—20). It is interesting to note that Taylor and Tantigate
(1979) in their_Malaysia study showed that the 1atgér the irrigation

For example, Jatiluhur (260,000 ha), Pekalen Sampean (238,000 ha),
Pemali Comal (127,000 ha), and Madium (140,000 ha), all in Java '
(Bratamidjaja 1980). ' '
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scheme,vthe lower the cost of construction per hectare, ekcept for
very large schemes, where the construction cost per hectare was
higher. They also showed that larger schemes have higher annual
yields than smaller schemes, and that céﬁstruction costs per hectare
- for pumping schemes were higher than those for gravity-~diversion
schemgs. Thus, the question of whether to'develop'large‘or small

: sdale irrigation schémes,'deéends upon the*policy-objectives under-
lying irrigation development. 1In Indonesia, as.shown above, large-,
medium—, and small-scale irrigation systems have been developed

simultaneously.

iThe aspect of efficient utilization of irrigation wéter revolves
very much around the ways in whiéh rice farmers themselves utilize the
water on their farms;. Without knowledge of‘management practices
appropriate to needs at various stages, water utilization by rice ,
farmers will be inefficient. Extension work is thus needed to stress(.
not on1y technological aspects of rice cultivation, but.élso»manage—
ment practicésvfor efficient utilization of irrigationjwater at field
level. Field data in this study indicated a serious deficiency in

this latter respect.
These latter observations of course merely introduce issues rele-
vant to efficiehcy of irrigation water use. The important questioﬁs

" are. included in the foilowing study objectives.

- Study Objectives and Definitions

'In the light of the above problems, the objectives of this study

are to analyse:

1. The nature and extent of variations in the equity of water dis-
 tribution and the efficiency of use of irrigation water by rice
farmers within an irrigation command area, and the underlying.

factors explaining both types of variations;

2, The impact of variations in water availability on farmer

decisions regarding the use of production inputs;

3. The organization of irrigation water supply and distribution,

the problems that farmers experience in controlling irrigation
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water supplies, and possible ways of overcoming these; and

4, Constraints on the adoption of the improved rice technology.

The improved rice technology is defined as one which utilizes
Modern Rlce Varieties (MRV) ’ chemlcal fertilizers, pesticides, and
irrigation water. The performance of the 1mproved rice technology is

measured in terms of yields and profits per hectare.

In irrigation, a stress day is a condition in which there is no
free water on the soil surface of a rice farm, i.e., the water level

is zero on that day.

The field efficiency of irrigation water use is defined as the
ratio of the amount of water actually applied to the amount of water
necessary for rice crop cultivation. In mathematical form it can be

written as,

(1.1)

n S

where: Efi is the field efficiency of irrigation water;- Wa is thev»
amount of water actually applied over a certain period of
time during a-crop,season; and_Wn is the amount of water
deemed necessary for cultivation of a rice crop over a

specified period of time during the crop season.

Actual applications (Wa) were obtained by regularly measuring
the depth of water on rice fields from the day of transplanting until
.15‘days before harvest (DBH). Data on water requirements (Wn) for
the study area were not available, so data from secondary sources
were used, e.g. research findindgs from the Philippines or other

9 . sy s : : . : .
sources. Since it is assumed that water requirements (Wﬁ) for all

8 MRVs include IRVs (International Rice Varieties) produced by IRRT,
NIVs (National Improved Varieties) produced by the Central Agricultural
Research Station in Bogor (e.g. ‘Pelita Ifjand Pelita ', and LIVs
(Local Improved Varletles) produced by local farmers®(e.g. Dalin
variety in this study area). g '

° See for example, data in FAO (1972) or in APO (1977).
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sample farmers in the study area are the same, the field efficiency

of irrigation water usef(Efi) will be determined solely by actual

application of irrigation water (Wa).

Study Hypotheses

It is hypothesized in this study that:

- In the command area of a lateral irrigatioh distribution system,

rice yields and profits per hectare vary inversely with the

distance from the main outlet, i.e., they'are highest in the

* head section and lowest in the tail section of the command aréa.

This hypothesis is based on the findings 6f an»IRRI‘study of an
irrigafion_system in the Philippines where it was reported that
the amount of water available to farms was inversely related to
the distance from the beginning of the major canal to farm sites

(IRRI 1974 and Herdt and Wickham 1978) ..

There is a negative relationship between the number of'stress

days and rice yields. This is a logical hypothesis since it is

" assumed that the stressidays significantly influence the yield:

of rice.

Application levels of chemical fertilizer (especiélly nitro-
genous fertilizer) are inversely related to the number of stress

days.

The level of modern inpufs‘(especially fertilizer) used per

-hectare has typically been suboptimal for maximum profit per

hectare.

Rice farms which receive irrigation water directly from an

, irxigatidn channel obtain higher aVeragé yields than those which

receive it indirectly through other rice farms (plot-to-plot
system). This hypothesis is based on an assumption that the
avéilability of irrigation water is greater for the former than

for the latter.

General Analytical Framework

There are several analytical approaches that can be used to

analyse the relatiqnship betweén irrigation and the performance of
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improved rice technology. With the use of irrigation water held con-
stant, yields from the improved rice technology can be compared with"
those obtained from the old rice cultivation practiceé. Or, holding »/;
cultivation practices constant, yields and profits per hectare can be
compared in areas with good and poor irrigation facilities. This

type of analysis implicitly assumes that maximum yield is compatible
with maximum profit, and therefore, that output and input prices are
‘constant. Such an aésumption of fixed market prices both of output and
input is unrealistic and would give a fallacious relationship between

- inputs and output.

_ A'sécond approach would be to calculate the Bénefit—cost ratio ~
of inpﬁt use. - Although an improvement on the first approach, this
'type of analysis has limitations in application. It employs the mean
valuevbf production response, and thus does not show the optimum level .
of iﬁput use with changes in input and output priées. ‘Nor does it
indicate the rate of .substitution between 1nputs required for calcula-

tion of minimum costs.

~ A third approach and the one chosen for this study, involves the
use of production and profit functions, and of regression analysis to
estimate demand functions for certain inputs (especially for labour,

'fertilizer and irrigation water) .

Paramefers of average production functions were estimated with
the Ordinary Least Square (OLS) method, and a Linear Programming (LP)
method,:as used by Timmer (1971), was used to estimate frontier pro-
bduction functions.  An estimated average production function will
-indicate the contribution of each,input'(indluding'irrigation wéter)

to output ahd its maréinal productivity, the'marginal rate of sub-
stitution between inputs, the optimum levels of:input use, and the
changes in input combinations for higher levels of output or for
minimum costs. By including prices of inputs and dutput, the alloca-
tive or price efficiency of farmers can be 1dent1f1ed With a frontiér
» productloﬁéjiiigﬂﬁlcal efficiency ratings of each farmer can be esti- 7

mated, and from these, technical efficiency ratlngs of farmer groups

can be compared. Profit function analysis enables us to compare
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. . - 10 ,
relative economic efficiency of groups of farmers. These functions

will be used to test our above hypotheses.
Other objectives of this'study which cannot be met with quanQ
titative analysis will be attempted with either qualitative or

descriptive analysis.

Review of Previous ‘Studies

A recent bibliography on socio-economic aspects of Asian.irrigation;
published by IRRI and A/D/C (1976), clearly shows that literature on
'irrigation in Indonesia is very sparse. Few attempts have been made
to assess the specific impact of irrigation on the performance of

improved rice technology in the country.

Studies on irrigation in Indonesiall to date‘can be classified
as: (1) Economic analy51s of design and constructlon of irrigation .
systems (e.g., IDA, 1973), (2) Operatlon and management of 1rrlgat10n
systems (e.g., Mohan 1969, Grader 1970, ADB 1972, iRP'l973, Indonesia
1973, Pasandran and Taylor 1976),‘ (3) Irrigation policy and planning
(e.g., Schophuys 1970, Hanna 1972, and IPB 1974), (4) Economic analysis
of irrigation pefformance (e.g., IPB 1970 and 1972, Teken 1972,~LPMA
1973, RISS 1973, and Pajajaran University 1973), (5) Water charge
e rates (e;g;, Teken 1972 and 1973), (6) Social and‘institutiohal fao—
tofs in irrigatioh (e.g., Clason n.d., Geertz.l959; 1967 and 1972,
Indonesia 1959 and 1969; Jay 1969, Liefrinck 1969, RISS 1970,
Universitas-éatya Watjana 1971, Birkelbaoh 1973, and Pasandaran and
Harmoni 1975),'and (7) General analeis (e.g. Booth 1977).

‘There has been no measurement of the relatiﬁe importance of the
water control variable on rice ylelds using production function analy51s,
so water productlon functlon analysis has not been used to project
future rice production in Indones1a. Mears (1976) has rightly p01nted
out that the parameters for water control, improved seed and plant

- protection need much further examination for Indonesia.

1
0 - The analytical framework and technlques are dlscussed in detall

in Chapter 3.

11 This review is based on IRRI and A/D/C (1976), Booth (1977), and
Prabowo (1977).
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Teken (1962), Nazir (1974), and Nurdin (1974) estimated rice
production functions for‘Demak (Central Java), West Java and West
Sumatra, respectively, without including an irrigation water variable.
They assumed that quality and efficiency of irrigation water at field
level in each of their study areas was uniform, as each had good
irrigation facilities. It will be shown later, with findings of this

and other studies, that this assumption'might be misleading.

Using Cobbeouglas, log end log-inverse, andutranscendental
:prodﬁction function models, besai (1973) investigated the ecomomics
of resource use on sample farms in central Guﬁarat, India. His study
area was stratified into two regions, one more and one less developed;_
In the more developed regién, rainfali was-higher and more>evenly
distributed over the monsoon period, and farms had a more reliable
source of irrigation water than in the less deVeloped.regiOn.: In the
more developed regiQn, with adequate and more reliable irrigation water;

sample farmers maximized net returns over all inputs.

Also in India, Kumar (1974) investigated the impact of availa-
bility of irrigation field channels on rice yields end incomes of tice
farmers using cost-benefit analysis. His study area was divided into
two sub—ereas} in which villages respectively did and did not have field:
channels. It was found that those villages with channels had much

»higher average yields and farm incomeé and that the channels made an

important contribution to water availability at field level.

An International Rice Research Institute (iRRI'1974) study in the
Philippines, found that the amount of water'available to farms from an
irrigation system was inversely related to distance from the beginning
of the major canal to farm sites. This implies that the efficiency of
irrigation water at farm level should similarly‘very with distance from

“the major canal, since other factors are assumed constant.

Rosegrant (1976), in a study very similar to the present. one,
examined the impact of irrigation on the yields of mbdern varieties
(MRV) in the Philippines using multiple regression analysis. Stress

days were used as the irrigation variable, and were estimated with a

'water balance' model developed by Wickham (1971). These were not
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measured in the field, but by simulation, using weekly average data
of rainfall, irrigation water flow, evapotranspiration, seepage and
percolation. The study demonstrated the critical complementarity
between irrigation and'nitrogen use for MRV, and concluded that lack
of irrigation, and the typically poor quality of irrigation, dras-
tically reduced the;yield benefits from modern nitrogen—responsive

rice varieties.

A study of constraints on high yields of Asia rice farms by IRRI
(1977) showed thet in Indonesia (Kulon Progo; Yogjekarta), fertilizer
was the dominant factor explaining the yield gap in both dry and wet
seasons. The study indicated that farmers who experienced water |
problems tended to apply less fertilizers to MRV than those without
these problems, thus pointing to the need for study of the water

. control varlable

A macro study of irtigation in Indonesia by~Booth (1977) showed;
as might be expected p051t1ve correlations between the ratio of
irrigated sawah to total sawah and rice ylelds, and between cropping
intensity and the 1rrlgat10n ratio. Aﬂnegatlve correlatlon was found -
between farm size and cropping intensity. Again irrigation was shown

to be a crucial factor for increasing both yield and planted area.

Sadeghi  (1978) examihed the economic impact of increased water
supply on small rice farms in Iran. He fitted a Cobb-Douglas produc-
tien function to estimate the production function coefficients of rice
in twotregions, before and after the constrUction‘of'a dam. The
study showed an upward shift of the-productiOn function after the
construction of the dam, indicating an increase ih the productivity
coefficients and the value of the inte:cept, which again‘demohstrated

the importance of irrigation for rice yields and production.

Problems of water management were discussed in a FAO/UNDP seminar
in Manila in 1970 (FAO 1972) and in an Asian Product1v1ty Organlzatlon
symposium in Tokyo in 1976 (APO 1977) . At the Manila seminar it was

concluded:

"...the final geal of water development is to provide
farmers with adequate water supplies at the. farm level, farmers
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themselves should attempt to make the best use of water and
complementary inputs. It was fully agreed that the transmission
of knowledge to the farmers plays a crucial role in attaining
economic and social benefits from any water development
project...." (FAO 1972 p.10).

"It was recognized that further research work on the
physical conditions of water management at the field should be
carried out, ...., as well as the need for diversified and
intensified agriculture. For this purpose, regional cooperation
is considered to be essential and received the fullest support
of the session." (FAO 1972 p.1ll).

The Tokyo symposium stressed that:

"The solution to critical institutional and organizational -
problems of the terminal unit level is dependent, in part, upon
the outcomes of increased and sustained research efforts on
these issues. A broad program of research on irrigation organi-
zation would include the following dimentions: 1) analysis of
indigenous systems of irrigation and water management;

ii) analysis of patterns and relationships in government-managed
. systems; and iii) implementation of action research activities.
Action research moves beyond the identification and analysis of
existing forms of irrigation organization, either indigenous or
government-managed systems, to activities in which new or
modified organizational arrangements are designed and tested
for their performance in actual field situations." (APO 1977
p.13). '

From the above discussion, it is clear that research on irrigation
problems at field level is essential for obtaining solutions, since it
is at this level that farmers themselves must make the decisions as to

the best use of water and complementary inputs.

Ofganization of the Study

The following chapter discusses selection of the study area, the
" sampling method, the data collection, and the socio—ecqnomic conditions

of the seiécted stﬁdy area.

‘Quantitative analytical approaches‘and techniques are surveyed in
Chapter 3; Production and profit function models are selected, together
with variables for these models and the ﬁethods for statistical analysis
and testing of the model. The three kinds of efficiency (technical,
‘allocative or price, and economic efficiencies) are defined and the
distinétioﬁs between them are discussed along with the techniques of

measuring them,
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The theory of the role of irrigation in increasing yields and
production of rice is presented in Chapter 4. Types of irrigation
are defined and special attention is given to defining the concept

of irrigation efficiency, and to the problem of measuring efficiency.

Irrigation performance in the study area is discussed in
vChaptef 5. Consideration is given to farm water management and
'organization, factors affecting the depth of water at field level,
the number of stress days, and ﬁhe timing of farm drainage before
harvest. The relationships between yields and»irrigafion variables
(depth of water, number of streés days, and the time of draining farms)

are also discussed in this chapter.

» The technological performance of sample rice fatmers is ‘analysed
in Chapter 6. Empirical estimates of rice production functionS'are
made for the study area, using both average and frontier production
funétions.n These are used to éonduc£ tests between groups of farmers,
and to estimate the technical efficiency of individual sample farmers
and of farmer.groups. Factors affecting technical efficiency of °
farmers, and those influencing yield differentials between farmef~

groups are also analysed.

Chapter 7 discusses the economic performance of sample farmers,
with an analysis of éllocative or price efficiency; and'of.the economic
rationality’of sample farmers. Optimum levels of inputs for maximiéing
profits are caléulated-and used to estimate potential gains from
achieving technical and-priée efficiencies. Factors influencing the
demand for labour and feftilizer are analysed. Empirical profit func- .
tions are estimated and used to assess the relative economic efficiency

and relative profits of groups of farmers.

A summary, conclusions, policy implications of study findings, and

suggestions for further research are given‘in Chapter 8.




CHAPTER 2

THE STUDY AREA, SAMPLE AND DATA COLLECTION

The Selection of a Study Area

There are 27 provinces in Indqnesia, of which 22 produce rice.-
Accdrding to the Central Bureau of Statistics (BPs; 1975, p}viii);
there are dnly 10>provinces which have a major potential for,rice
production, while the Agro Economic Survey (AES) of Indéhesia (Sajogyo
and'Colliér 1973) reported only 8 provinces, with relatively good
irrigation, marketing facilities and machine processing, and relatively
good contacts with towh and city markets, as having high potential.
These eightbwere North Sumatra, West Sumatré; Lampung, West Java,
Centrél Java (including Yogyakarta), East Java,(Bali and South

L
Sulawesi.

' West Sumatra was selected for this study because:

1. Rice is a key commodity in the West'Sumatra's economy. -About
‘90 per cent of farm households grow paddy in sawah, and about
26 per cent of West Sumatra's regional income in 1972 came from
rice production.“These prdportiohs were thé highest ambng the

eight provinces in the early 1970s (Table 2.1).

2. Since 1969, West Sumatra has changed from a rice importing to.
a rice exporting provihce; This has been dﬁe‘partly to the
successful introduction of improved'rice technology, and partly
to irrigation development. Before Repelita I, in 1966, the
sawah area with technicai and semi-technical irrigation systems
was only'16.6 per cent of total sawah area. At the end of the
Répelita I in 1973, this had_increased to 36 per cent, and at

- the end of Repelita II iﬁ 1978, the propdrtion:had»grown to 46
per cént (UNAND, 1975, p.139; and BAPPEDA, 1978, p.319).

_ ’ Geerté (1963, pp?l4-15) and Booth (1977) also mentioned that
these provinces had relatively good irrigation and great potential for
rice production.
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3. The govérnment of West Sumatra has made continuous.efforts to
improve the existing irrigation sYstems'(Table-Z.Z)'and to

construct new systems (Table 2.3).

Table 2.2 Irrigated Sawah areas in West Sumatra lé76
. ('000 ha)
Kebupaten/ s tachmical irei. rainfed Total
gation .irrigation gation
' Agam/Bukittinggi 0.6 7.8 2.5 2.7  13.6
Pasaman : 5.4 17.2 6.8 1.7  31.1
Limapulah Kota 4.0 6.8 1.9 3.8 - 16.5
Tanah Datar . 2.3 4.4 3.0 9.4 19.1
Padang-Pariaman 5.5 13.7  15.1 15.5 49.8
Pesisir Selatan = 4.8 7.3 10.0 7.8 29.9
solok 5.0 9.2 6.2 . 11.1 31.5
Sawahlunto Sijunjung 0.7 ‘ 1.3 | 0.1 3.6 ; 5.7

West Sumatra - 28.3 67.7 45.6 . 55.6  197.2

' Source: DPU Sumatera Barat (1976)

As Table 2.2 shows, there are still some 55,600 ha of sawah éreas
~without ir:igétion systems, and more without channels. Completion
of plané for new irrigated sawah area wouild néarly double the
total area of sawah in West Sumatra. - These new irrigated areas

are intended especially for local and national transmigration.

4. - Comprehensive studies of the improved rice technology, and of
the impact of irrigation on its performancé, have not been under-

taken in West Sumatra to date.

The Badenah Gunung Nago Irrigation System

The area'thét was selected purposively for this study is the

command area of the Badenah Gunung Nago technical irrigation system'.




23

Table 2.3 New irrigated areas planned for West Sumatra 1978
. . . Area Location '
Irrigat ’

- Irrigation project (1000 ha) (Kabupaten) Stage
Dataran Anai 14 Padang-Pariaman  under survey
Tongar - o 10 Pasaman -~ under survey
Panti-Rao ' .20 . Pasaman o under construction
Batang Masang : 50 Pasaman : ' under'survey
Batang Hari 27 Sijunjung under survey
‘Batahan 6 Pasaman © under survey
Lunang—éilaut : 10 . Pesisir Selatan ’under survey
Kapur IX 15 ‘Limapuluh Kota  under survey
Total o 152

Source: UNAND (1975, p.138)

. . . . . . T 2 . : :
currently the largest irrigation system in West Sumatra. It covers
about 4,000 ha of sawah area located'oﬁ’the Kuranji river in Kabupaten -

Padang~-Pariaman in the eastern part of Padang municipality (Figure 2.1).

The area was selected for study not'only because of its potential
for ficé\production and the reported condition.of its irrigation -
system; but also because of a,ﬁuﬁbér of local factors: farmers prac-

» tised the improvéd.rice technology, the people were prepared to
cooperéte for the period of the study, local leaders were sympathetic
to the objectives of the study, there was scope for adequaﬁe»supérvisioh
of enumerators and assistants to measure the depth of water on rice

fields, and the area was accessible throughout the year.

 The Badenah itrigatioh project is actually a rehabilitation project

in which a new weir and a distribution system from Sécondary to tertiary

2 . ' ' co
~According to the government of West Sumatra, it is the best

irrigation system in West Sumatra, particularly in terms of construc-
tion, irrigation channel networks and water control from the-headwork
to tertiary canals. ’ '
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channels were added to the existing irrigation channels. Before
rehabilitation, there were nine simple'ana independent irrigation
construétions along the Kuranji river. The water supply and dis-
tribution were not adequate hor sufficiently controlled for the needs
of two rice crops a year, and farmers gréw only one rice crop during
the wet season. With rehabilitation, the nine irrigafion constructions
were reduced to one, the major technical construétion at Gunung Nago.
'This énébled the supply and distribution of irrigation water'to be
controlled at the headworks, and at the distribution'pointsrfrom.
primary to seCon&ary canals and from Secondary to tertiary channels.
Farmers in the command area have planted rice at least twice a year

since the rehabilitation project was nearly_cgmpletéd in 1975.

The réhabilitation.project'was initiated in l969,>in the first
» year of Répelita I and completed_in 1977,‘the third year of thé Repeiita :
II. Total cost of the project was about 300 million rupiahs or ébou;_
0.75 million US'dollars.3 'Maintenance and operating'costs.of the »
project are about three thousand rupiahs per hectare per year or about

eight US dollars/ha/year.4

The detailed plan of the irrigation project (Figure 2.2) shows
that the command area of the Badenah system consists of two major
sections, the Badenah I section with‘2,500 hectares of sawah and the
Badenah II section with 1,500 hectares of sawah.  There are.four_lateralv
distribution systems in the Badenah I section: the Lubuk Begalungv
(BLb1-BLb6) ; the Andalas (BAnl-BAnd); the Lubuk Lintah (BLL1-BLL2);
and the Kampung Keiawi (BKK1-BKKS5), together with the Pasar Baru main _
canal (BPbI-BPbIV). In the Badenah.II éection,-thefe are three lateral
distribution systems and the Kuranji main canal (BKI-BKII). The lateral
systems are: the Kalumbuk (BKL1-BKL3), the Nanggalo (BN1-BN3), and the
Balimbing (BB1-BB3). The layout of the Badénah'system is reported in
Figure 2.3 - |

3 The exchange rates for the US dollar were US$1 = Rp326 for 1967-

71; and US$1l = Rp4l5 for 1971-78, and since 1978 (November) US$1l =
Rp625. T

4 See, Departemen PUTL Ditjen Pengairan Diréktorat‘Irigasi, Bendung -
Batang Kuranji Gunung Nago Padang 4,000 Ha, no date.
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After visiting_the.command area of the system in December 1977,
and taking into account local factors and the objectives of this
study, the study area was selected along the main canal of Pasar _
Baru (BPbI-BPbIV) and the BKK lateral system (BKK1-BKKS). This
area is located in two villages; Pauh V and Pauh IX, of Kecamétan
Pauh in Kabupaten Pédang— Pariaman, and in some eastern parts of

Padang municipality.

The length.of_the irrigation channel (primary and secOndaﬁy
channelé) from the headwork or weir to the BKK5 distribution gate
is about eight kilometres. Both daﬁals and ditches are mostly
earthen’eXCept for the main éanal which is lined; .These and other -
characteristiés affect the availability of water from the heéd to
the tail sections of the channels as will be discﬁssed in Chapters
4 and 5. | '

Climate and Soil Types

The climate and soil type of the study area do not vary

Table 2.4 Distribution of average monthly precipitation, air .
’ temperature and humidity of the study area 1971-77.

Month Precipitation | ‘ Temperature Humidity
' . (mm) (centigrade)- - (%)
Jahuary : , ,-243 ' : 25.3 - o 80.8
February 267 S 25.3 90.8
March 230 25.6 . 82.3
April - 369 - 2.3 83.8
May 342 ' , 26.4 82.7
June . 293 26.0 . s8l.8
July 249 ' 25.7 81.7
- August _ ' 322 25.6 ) ' 82.5
September - 369 - 25.5 ~ 83.9
October 405 25.6 83.6
November 513 25.9 83.1
December 363 ‘ | 25.6 83.7

Source: UNAND (1978, p.163).
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significantly from the head to the tail sections; The climate is
‘definedbas humid, with an average annual rainfall of between 3034
and 4091 mm, and an average temperature of between 25.60_and
26.1o centigrade. The distributions of average monthly precipita-
tion, air temperature and humidity in the étudy area between 1971
- and 1977 show.littlevmonthly variation (Table 2;4), and therefore

no significant difference between wet and dry seasons.

Table 2.5 Distribﬁtion of monthly precipitation, rainYdays and
’ hours of sunshine in the study area,_l978.

Precipitation (mm) Rainydays (day) Sunshine (hours)
Month - - - - - ‘ -

: G. Nago Tabing G. Nago - Tabing G. Nago Tabing
January 686 493 12 13 16l n.a)
February 252 341 13 15 162 n.a.
March . 478 - 312 16 . 24 174 n.a.’
April 341 207 11 13 _ 205 n.a.
May 459 388 19 17 4: 190 n.a.
June . 303 387 12 . 14 188 n.a.
July 4% 467 13 18 219 n.a.

" August 342 364 13 19 182 n.a.
September 481 308 14 ‘16 . 174  n.a.
October =~ 399 685 18 24 153 n.a.
November 296 247 23 21 16l n.a.
December 424 417 1 20 173 n.a.
Total 4957 4703 183 214 2142
Mean 413.1 391.9  15.3  17.8  178.5

S. Dev. 118.6 123.3 3.7 3.9 19.6

*)'n,a. = not available

Sources: Tabing station of meteorology and Gunung Nago irrigation
project office station. ‘
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Monthly data for precipitation, rainy days and sunshine
(Table 2.5 and Figure 2.4) during the survey period in 1978 for
two stations (Gunung Nago and Tabing in the head and tail section
respectively) show no significant differences in precipitation or
rainy days. Data on sunshine were not availeble for Tabing
station, but: given these other data, an assumption that there is
no significant difference between sunny days in'the_head and tail

sections seems reasonable.

It is difficult to differentiate between wet and dry'seasoﬁs
’1n terms of precipitation and the number of ralny days, as there,

, is no apparent contrast (Figure 2. 4) However the dlstrlbutlon
of sunshine ‘during 1978 suggests that there are more sunnyetimes
in April-September thenvin October-March. This supports the view .
of West Sumatra's Department of'AgfiCulture (Dinas Pertanian
'Rakyat) that the wet season is from October to March, and the dryr'

season from April to September

The soil type is uniform, yellowish-brown alluvial from the
head to the tail sections of the study area. Its texture does
vary a little, from light in the head to medium ih the body and to
slightly heavy in the tail section. The natural drainage con-
ditions reflect this,-and are more satisfactory in the head and
. body sections than in the tail section. Soil fertiiity can be
© gauged from the chemicel content, organic ingredients, and its pH.
The C-organic and nitrogen content of the soil are relatively low,
but the soil is fairly high in phosphoreus and high in other

elements such as iron and aluminium (Table 2.6).

; ‘'The low content of C-organic and nitrogen are caused by
iqtensiVe land preparation causihg frequentvoxidation; and because
intensive cultivation of the land takes a lot’of the nitregen (N)
content. The high P cohtenteis explained by the alluvial origin of
the soil, and also because of good irrigation water supplies. The
impact of the irrigation water on soil fertility is to add chemical

elements such as Na, Ca, Mg, K, Al, Fe, Mn and SO4.
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Table 2.6

3la

. P

" Chemical element content ofbthe study area soil.
Elements Unit Average Range . Categories
C-organic % 2;4Y 0.4-12.7 low
N } % 0.2 0.1-0.5 low

ppm 14 6-27 ‘medium to high

Na meq/100g 0.4 0.2~0.8 high enough
ca  idem 7.4 1-3-41.4 idem
Mg ideﬁ 2.1 0.2-5.7 ideﬁ
K idem 0.3 o.;—o.él idem
Al ppm' 121 n.a “high
Fe ppm | 178 n.a. high
Mn pém 0.2 0.140.9> very low
SO, ppm 155 n.a medium

" Source: UNAND (1978, pp.54-56)
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The acidity (pH) of the soil is low, ranging from 3.7 to 6.6
with an average of 4.3. This may be due to the sulphur content.

(804).

- The quality of land‘for‘agriculture>is deterﬁined by a number
" of factors sucﬁ as the effective soil depth, extent of erosion and
the organic matter and‘stone content. On the basis of these
factors, eight classes of land quality have been recognizéd.. The
UNAND - (1978) study placed the land'quality of £he study area in the
second class, and is thus relatively good. The effective depth bf
the soil is around 50 cm, its slope is between three to eight per
cent, its sﬁone or grével content is between 0 and 15%, its erosion

level is low and its chemical content is relatively ‘good.

- The quality of irrigation water in the study aréa, which comes
- from the Kuranji river, is also good. The levels of dangerous
elements for crops such as sodium and boron are low andican bé

tolerated by crops.5

Socio~economic Conditions

The study area cdmpriées.two villages, Pauh V and Pauh IX of -
Kecamatan Pauh. The head section is located in Pauh V, while the

body and the tail sections are located in Pauh IX. Pauh V. is clas-

sified as Desa Swakarya or underdeveloped, and Pauh IX as Desa

Swambada or developed (Table 2.7).

As a desa swakarya village, Pauhlv's.economy is still dominatéd
by agriculture, particularly by rice. About 65 per cent of the
' 'tbtal land in use is sawah, and 76.5 per cént of its totai labour
forée works in the agricultural sector. Its pbpulation density is
high, with more than 300 persons per square kilometre, so that
‘average farm sizé is small. About 35 per cent of farmers have less

than 0.5 ha rice farm land, and only about nine per cent have more

Detailed analysis of the water of the Kurénji river can be
studied in UNAND (1978, pp.17-29).
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sion worker

Table 2.7 Socio-economic conditions of the study area, 1978.
Items Unit Pauh V Pauh IX Total
Total used land ha 1,357 3,311 4,668
Land Use: ' '
1. sawah land ha 893 2,118 3,011
2. Dry land ha. 38 148. 186
3. Cashcrops land ha 92 254 346
4. Housing and yards “ha’ 143 451 594
5. Fishponds : ha 4 75 79
6. Others . ha 187 265 452
Population: ,
1. Total person 14,297 42,182 56,479
2. Male ' % 48.7 -48.5 . 48.6
3. Less than 15 yrs % 53.9  49.6 . 50.7
4. Density/sq-hm person >300 >300 >300
5. Growth rate/year % 2.8 3.0 2.9
Employment: _
1. Labour force person 5,847 22,876 128,723
(%) (40.9) . (54.2) - (50.9)
2. Agriculture % ' 78.1 74.9 76.5
3. Non-agriculture % 9.7 14.5 12.1
4. Unemployment % 12,2 10.6 11.4
Education:
1. Primary school % of .
< - .

graduate and up total pop. 30 . 30-60 n-a _
2. No. of Kindergarfen unit 3 0 3
3. No. of Primary school unit- 11 26 37
4. No. of Junior high anit P 5 7

school - v :
Health facilities:
1. Health centres unit 1 1 2
2. BKIA. _ _ unit - 2 1 3
3. Medical clinics unit 2 1 3
Ecohomié facilities:

1. Huller unit 9 11 20
2._K%nc1r o; water r}ce unit 58 84 142
mills _ : v
3. village unit banks unit 1 2 3

4. PPL or field exten- . :
. person 1 3 4

Source: Kantor Wali Nagari (Village Head Office) Pauh V and Pauh IX.




~ 34 .

than one hectare. About 16 per cent of land is privately owned,
55 per cent is communally oWned, (or 'tanah suku'6), about 26 per
‘cent is share cropped, only about two per cent is leased out, and

the reémaining one per cent is under mortgaged land ownership.

Because ‘most of the agricultural land, including sawah, is
under communal ownership, it is mostly operated rotatiohally among
members of the community, e.g., within a 'kaum' or'groupvof
“families of the same 'suku' or clan. The member of the community
who cultivates the sawah land éives one third of total production
to the leader of the éommunity who holds.the 'adat' or customary
title to the land, and who is usually the oldest in the 'kaum'. 1In
th;t sense‘itiissharecrdpped, so the percentage of share cropped
land actually becomes much higher. Indeed 58 percent of sample
farmersvin this study.were under this share‘cropping tenurial systgﬁ.'

(Appendixi2.l).

_"_The unemployment7 level_ih the study’areabis relatively high,
.and in 1978 was about 11 per cent bf the labour force. This is due
‘not only to high population deﬁsity and growth rates but also to the

fact that job opportunities are véry limited relative to demand,
both in the two villages and ih Padang municipality. The high' popu-
1ation growth rate (2.9%) is due to high natural growth rates and

_more especia11y-to the high rate of immigration in this area.

The overall infrastructure (physical, social and economic) is
quite well develdped. Forkexample,'the average -density of village
roads is 0.45 km per Sq km, while the‘density-of‘district roads -in
the‘stﬁdyvarea is about 1.4 km per sq km, though the quality of
those roads needs improvement. There are more than 500 kiosks for
fertilizer distribution, 20 hullers_and 142 water mills for rice

processing; Fach village in the study area has'one‘health centré

_ 6 'Tanah suku' is land 0wnéréhip which is based on traditional
law of the Minangkabau community.

7 An unemplo?ed'person is defined here as a person who does not

have a permanent job. '
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with a doctor (general practitioner), and has at least one medical
clinic ahd one mother and children health centre (BKIA). There
barevthree village uhit banks to disburse credit to farmers,
especially to those participating in the Bimas\program. The number
of schcols, including buildings, teachers and pupils or students is

satisfactory:

The educatlon level of the people in the study area is low.

. Only about 40 per cent of the population have ‘graduated from primary
school or higher levels, and more than 10 per cent of adults (aged
15 years and above) are illiterate. _'Cbmparatively, Pauh IX village
is more | pfogressiVe, possibly because of the'higher'edﬁcational
level of its population. - The incomes of Pauh V and IXvVillages, in
1971, were medium {between 50 and 100 miilion rupiahs/year) and high
‘ v(more than 100 million rupiahs/year) reepectively (PMD 1972).

The main problems facing the study area are how to raise produc-
.btion and income of the area, and how to reduce the level of unemploy-

ment.

- Sampling‘Method

Effective measurement of the impact of irrigation cn the
performance of improved rice technology. in West Sﬁmatra requiree:
(1) Definition of irrigation utilization efficiency; (Z)haccurete»-
foreknowledge of the variations in the'aQailability of irrigationv
water to farmg and the pr1n01pal factors affecting the varlatlons,
and (3) mlnlmlzatlon of the effect of other env1ronmental variables -
on productlon. Selection of an appropriate sample is possible pro-

vided :equiremente (1) and (2) above are met.

Irrigation utlllzatlon eff1c1ency ‘was defined in the precedlng
chapter, and the second requlrement has been met by IRRI study
findings also referred to in Chapter 1. . The thlrd required con-
sideretion of alternative epproaches as focussesifcr the study. One

possibility was to test theﬂvaiiidity of the common view ‘in Indonesia
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L . 8 . ' A
that a technical irrigation system is the most efficient and a
simple irrigation system is the least efficient, while a semi-

technical irrigation system holds an intermediate position.

There is a range of environmental variablés that affect rice
output,‘such”as-soil type, topography, and rainfall, that can con-
found a comparison of these three types of‘irrigation. Since the>
three irrigation types are seldom‘found contiguously, or evén near
each other, there is a strong likelihood of substantial differences
between the three in terms of environmental conditions. Cohsgquently,
there would be major diffiCulfies in isolating the effects of dife

ferences in'iirigation efficiency from these other factors.

it waé'also felt that such a study would be testing the
‘obvious, and if the popular view about the relative efficiency of
the three systems was confirmed, feW'hew policy ‘implications would
emerge. ' In preference it was decided to focus the. study on another
important issue, that of variations in irrigation'usé efficiency
" within an‘irrigation system and its effects on productivity. For
this, a technical system was‘chbsen since it was thought that, being
allegedly the most efficient system of the three,.it would be the
type upon which'moét reliance would be placed for successful intfo—
duction of the imprbved technology for rice. Thé Badenah technicél
- system fitted these criteria and was selected for study. Prelihinary
survey work suggésted>that prdduction conditions were fairly homo-
geneous wiﬁhin the -system so far as the above environmental variables
were conéefned,'thus facilitating the-measurement of variations in

irrigation efficiency.

8 . . .. . . . .
: The technical irrigation system comprises a weir with full

wqter'measurement-and control facilities, including the construction
of canal/ditches up to the secondary distribution system. The
semi-technical irrigation system has a weir and gates at the turn-
outs to control the flow of water but has no measuring devices. The
simple irrigation system refers to all other types of irrigation
systems (more detail of these definitions is given in Chapter 4) .-
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It is difficult to assess how to select a technical system
representatlve for West Sumatra or for Indone51a. But since the
scope of this study would allow examination of.only one scheme,
this effectively became a case study of a technical system. For
this reason a combination of probability and non—probability
sampling methods could be used (Kearl 1976, Chapter III). For
sample selection‘within the scheme, a stratified‘mﬁlti-stage
technlque was chosen, in which the sampllng method comblnes pur—

p051ve and probablllty sampling.

Followiné the selection of the Badenah technical irrigation
system, the second stage was the selectidh of a study area within
it. It was de01ded that areas served by the main canal of Pasar
) Baru (BPbI -BPbIV) and the Kampung Kelawi distribution system (BKK1-
BKKS) were approprlate9 (see Figure 2.2). The third stage was to
'select areas along this 1rr1gat10n water route, stratified accordlng
to distance from the headworks of the Badenah 1rrlgatlon system.lp
The final stage was to draw a sample of rice farms, the bas1c unit,

at random in each location stratum

The first stratum chosen in the study area was in the head
v'section; located near the‘headworks, i.e. sawah areas’ around the
BPLI-BPbII, located in Pasar -Baru sub-v1llage area of Pauh V

, v1llage, This section was between 135 and 1,048 metres from the
.headworks with a sawah area of about 66'hectares;~‘The second
stfatum, chosen as the bcdj.section, was around BKK1-BKK2, located
in the Dufian Tarung sub-village area of Pauh IX village. This
section .was about 1;551—1,836 mettes froﬁ the head'Section, with

about 70 hectares of sawah. The third stratum, the tail section,

9 " This was done purposively because the lateral distribution-

systems were not homogenous. Some (e.g. BLL, BAn and BLb) had not
‘been completed with distribution gates in the tail areas, and some
others (e.g. BKL, BB and BN) in Badenah II were difficult to reach
by vehicle owing to very bad road conditions. Hence the Badenah I
section was preferred. :

10 . . . .
v This was also carried out purposively, given that each BKK
supplies irrigation water to certain sawah areas, i.e. tertiary
block areas. '
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was around BKK5, in the Ampang sub-village area of Pauh IX village,
with a sawah area of about 65 hectares. This was about 2,658

metres from the body section.

It was found that the timing’of rice planfihg‘in,each season
was not simultaneous within the study area (Figure 2.5). Some
transpianting had already_occurred.when~thé'survey began. Since'it‘
was intended to measure the depth of water on rice fields regularly
from the day offtransplahting up'to 15 days prior to harvest, the
sampling universe became those rice farms which had nof commenced

transplanting at the start of the survey.ll

The number of such farms in the study area was not available
at that time from village records, so the_uniVerée of farms in. each
stratum had to be fdund.directly in the field. With the help of
knowlédgeablejlocal assistants, all rice farmers in each stratumb
were identified: 63 in the head section, 79 in the body section,

and 61 in the tail section.

The maximum size of sample was determined by the limited survey
funds available and the survey plan. The latter was to visit.each
samp1e fafmer at least once a month during avfull year of the survey,
to record the rice farm practices~fdr two seasons of rice planting
and socio-economic characteristics of the houséholds. Thus; time

and cost input pervéample household was high.

Calculation of sample size was based on Neyman opfimum alloca-

tion (Som, 1976, p.137):

n=(c-c)/Lc R (2.1)
where: '
| = total sample siie
= the predetérmined total cost
11

Land preparation, howeVer, had started.
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CO = the overhead cost

C = the average cost per unit

This gavé a total:sample‘size for this study of about 90 rice

farmers. The optimum allocation of a fixed total cost is as

follows:
. . N { -
n = (-c) —2 Yhzch? ‘ (2.2)
: ZNh /‘ (vh/ch)
where: _
n, = sample size of stratum h
Nh = total number of elementary units in stratum h

V, = universe variance of the most important characteristics
h S cy s
of the elementary unit in stratum h

C. = the average cost per unit of sample in stratum h

Since the average cost per unit in all strata is the same)

the equation (2.2) can he written'as:

ﬁNh VAT
o |

EANVAE o (2.3)

'where n is the sample size for the whole study area; namely, 90

rice farmers.

;Thevmost important characteristic of the farm unit is the size
of holding, since the area of sawah is widely used as the approp-
riate indicator of the socio-economic status of farmers in West

Sumatra (Nurdin 1975).

The value of Vh was not known in advande, therefore; estimates

had to be obtained from previous surveys relating to sawah size.
In the absence of any information on the deviation of the universe,

the range of.Values of sawah size was substituted for V_ in equatidn

h
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(2.3). Data on rice farms in the study area, collected by the
Fakultas Pertanian of Universitas Andalas in 1976, showed clearly
that the standard deviation estimators of sawah size for the three
strata in the study area would not be signifiqantly different
(Table 2.8). Therefore, the optimum allocation was 30 sample rice
farmers for each stratum. The selection of the 30 sample units for
each stratum was carried 6ut by the simple random sampling method

using a random numbers table.

- Table 2.8 Optiﬁﬁm‘allocation of total sample size of:90 rice
’ farmers into different strata

Stratum . ' ‘S a/

)y  "n h N, ® Sy Py,
‘Head 63 .2447 ~ 15.4161  29.8
Body ' 79 _ .1957 15.4603 29.8
Tail ~ - 61 .2569 15.6709  30.3
Total 203 o 46.5473 . 89.9

a/ This standard aeviation of farm size was calculated from data
for UNAND (1976).

- Where the total‘cost of the survey is not given, total saMple
size is usually determinédiby setting up the desired coefficient of -

variation of the sample estimator (e), in which:

: o o . |
(CV per unit in universe) o (2.4)

2
e

and where CV is the coefficient of variation. Because the CV per
unit of»the'universe is unknown, it can be estimated by using the

CV per unit of sample, in which:

Y
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where:
CVy = the CV per unit of sample estimator
Sy = the standard deviation of sample estimator
Y = the mean of the sample estimator

Since n was determined (90 sample units) the desired CV of the
samplé3estimator can now be calculated. From the eguation (2.4)

we can write:

, (CV)2 o . ‘
e = g, - (2.6)
or
cv
e = — (2.7)
/n :

The mean of rice farm sizes. of the 90 sample units in this
studvaa5'0.4688 hectare with a standard deviation of about 0.25497
hectare. Hence the coeificient of variation of the sampie units
was 0.25497/0.4688 = 0.5437 or about 54 per cent. Therefore, the-
desired CV of the sample éstimator, é, was about 0.5437/9.4868 =
0.0573 6f about 6 per cent. This value of e was not high, which

means the size of the sample is quite representative.

Data Collection

Data were'colleCted from farmers and from Government sources
at village, -district and provincial levels. Data at farm level
wére cbllected for two rice crop seasons, the 1978 dry season and
the 1978/79 wet season. A set of structured and.pre—coded ques-
tionnaires was prepared which included questions on rice farming
practices, and other socio—econbmic characteristics of rice farmers
(Appendix 2.2). The questionhaireiwas pre-tested in December 1977
and modified as needed, in time for the start of the first season's:

- survey in January 1978.
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Data for the irrigation variable were coliected.directly, from
“the day of transplanting until 15 days before the harvest, by
measuringvthe depth of water on rice‘fields. This measurement also
provided the number bf stress days for each sample farm during the
period. The density of field channels in the study area was cal-
culated by méasuring the length of the network of irrigation channels
to the farm. ditches for each stratum of the study areé. Simple maps‘

of the networks were used.

Data collection was carried out by the authdr‘and five assis-
tants. Two assistanfs were.graduate‘students_of the Faculty of
Agriculture, Andalas University, and worked full time interviewing
‘éamplé farmers. Three people from the study area aséisted by'v
measuring the dépth of water on rice fields every second day during

the survey period.

One of the problems in data collection was the lack of data on
farm sizes. This was solved by taking a sample'of farm size in each
stratum. Five farmers were selected at random from the 30 sample |
farms, and were measured for size directly in the field. The quan-
tity of seed used was-also cdllected.directly from each of the five
operators. = There was no,éignificant interfarm variation within a.
section, so it was assumed to be ﬁhé”séme in each section of tﬁe
study area. This sample showed that the average farmer used an

average of about 57 kg paddy seed per hectare in the study area.

In’ordér to get reliable data from sample farmeré, a meeting
was held between local government officials, the'éﬁthor, the sample
| farmers- and assistants prior to sufvey, to assure them that data
collected"would be treated as confidential, would be used.only fbr
the study and that the survey had no connection with any form of tax.
calculétion.'-Sample farmers agreed to cooperate and, as far as

possible, to provide reliable data. -




‘CHAPTER 3

ANALYTICAL FRAMEWORK AND TECHNIQUES

One approach to irrigation poliqy issues is to compare rice
cultivation performances with and without irrigation; For this,
the effects of irrigation on yields and iate of returns-ére cal—
culafed by applying cost-benefit anaiysis. But yields do not
depénd on irrigation alone, but also on the way irrigation
facilities are utilized. .Therefore, in conéidefing whether to
build a new irrigation systeﬁ or not, we must compare the impact
of such new irrigation facilities with the éffécts of pélicies to

improve the use of existing irrigation facilities.

The present-study_ié a study of efficiency of use of exis-
ting irrigation facilities. This was done by examining the head,
body, and tail of the Badenah irrigation system in West Slimatrav.l
Comparisons were also made of different tenurial systems (owner,
fixed-rent, and share—dropping operators), rice'varieties in use
(IRV , NIV, and LIV), and irrigation water application systems
(direct from channels or plotfto-plot systém). A sef of hypotheses
were set out in Chapter 1 to provide a basis for-thejstddy of the
impact of irrigation water utilization efficiency on the performance:

of improved rice technology.

The performance of xicé farms can be analysed in two ways:

a. Their technological perfbrmances can be judged from
output or yields,. as determlned solely by phy51cal 1nput—

output relatlonshlps.

b. Their economic performances can be evaluated from profits,
and this depends both on the thSLCal relatlonshlps and

on prices of inputs and output.

See Chapter 2 for a detalled cla551flcatlon of the Badenah
irrigation system.
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These performances (technological and economic) depend upon
the decision-making prSCess‘of rice farmers. This can be identified
by considering three kinds of efficiency: technical efficiency;
price or allocative efficiency; and economic efficiency. The
follqwing discussion defines and measures these three kinds of

efficiency in the three parts of the Badenah irrigation system.

Analytical Framework

The three kinds of effiéienéy are first defined and illustrated.

Technical efficiency is defined as the capacity of farmers to

maximize output or yields from a given set of inputs. If, for
»examplé, the yield of farm A is higher than that of farﬁ B (using
the same set of inpufs), farmer A is said to be more éfficient tech-
nically thén farmer‘B. Input and output prices are not included in

the analysis of téchnical efficiency.

Price efficiency or allocative efficiency is the'cépaCity of

" farmers to use inputs so as to maximize profits. A farmer is said
to be price'effiéient in using an input,'if the'marginalzvalue
product of the input is equal to the pricé of the input. Price

efficiency measurement involves prices of inputs and output.

Another way to measure price efficiency of farmers is to use
the concépt of Wise and Yofopoulos, as condensed in Yotopoulos and

Nugent (1976, pp.83-93), referred to as economic rationality.

" Rationality means ‘'the ability of firms to successfully apply the
prdfiﬁ maximizing rule of behaviouf'; The concept'measufes the
economic ratidnality‘of a groﬁp'of farmers using ah index calculated
from the simple correlation coefficient between capital and labour
applied by the farmer group, with special techniques as discussed

below.

Economic efficiency is the combined effect of the technical

efficiency and price efficiency as defined above. A group of farmers

can be economically more efficient than.ahother group owing greater %o
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price efficiency and/or technical efficiency.2

These three types of efficiency and their relationships can be
illustrated diagramatically (Figure 3.1). Suppose, for 51mp11c1ty,
there are only two factors Xy and X, used and a product Y. The

Y Y curve is the unit isoquant for 1nputs X. and Xz, i.e. it

1
represents combinations of inputs X, and X, that yield one unit of

2
output Y. 1In production functlon tieory, this isoquant depicts the
mlnlmal combinations of inputs requlred to produce the unit of -out-
put, or alternatlvely, the 1soquant shows the maximum quantity of
output that can be produced with any comblnatlon of the 1nputs. The
PP llne is a price or isoc 051': line whlch shows the minimum cost of \/

produ01ng a unit of output Y at given prlces

Suppose farms A, B, C and D use different combinations of
inputs xl and X2 tcvp;odﬁce one unit of cutput Y. The.input com-
bination of farm A lies outside isoquant Y Y = and also outside the PP
price line, so farm A is said to be technically and price inefficient.
Farm B combines inputs in such a way as to be located on the unit |
isoquant YOYO but outside the PP price line, and is therefore tech-
nically efficient but price inefficient. The combination selected
by farm C places'it on a price line (P'P'") which is parallel to‘the
PP price line, assuming constant prices. Farm C is thus pfice
efficient but not technically efficient. The input combination of
- farm D places 1t at the point of tangency of the 1soquant Y Y aﬁd
the PP prlce llne. It is thus both technically and prlce eff1c1ent

and therefore is economically efficient.

' Both farm B and.farm‘D are 100 per cent efficientvﬁechnically.
Ferm A isbinefficient-technically, and; the degree of its efficiency
is measured by the ratio OB/OA whichZ;:es than unity. Therefore (-
 all farms have a technical efficiency rating between zero and one.

Farm D is 100 per_cent price and technically efficient, while farm

2 Yotopoulos, P.A. and J.B. Nugent (1976), Economic of

kDevelopment: Empirical Investigations, Harper and Row, New York,
p.88.
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Figute 3.1. Technical efficiency, price efficiency, and

economic efficiency.
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B»is 100 per cent efficient technically but is ﬁot price efficient.
Farm B speht OB, while farm D spent only OE, thus, the price
efficiency rating of farm B is the“ratio OE/OB whichléiso less v
than unity, and therefore all farms have also a price efficiency |

rating between zero and one.

This approach (Figﬁre 3.1).is due particularly to Farrell
(1957) and has been summarized by Timmer.3 Farrell was able to -
measure technical and price efficiencies'separately. In another
 approach, Yotopoulos and dolleagues4 showed how to distinguish
between technical and price efficiencies, using the profit function
derived from the production function. | |

Production function: Output = function (of‘inputs).

Profit function: Profit = function (of prices of inputs relative

to output price). -

The production function does not take account of how inputs.
are chosen and their dependenbe.upon prices, which is necessary in
considering.price efficiency. The profit function shows the tech-
niéai relation between output and a given seﬁ of inputs (technicai.
efficiency) and the effect of the way in’which'inputs are chosen

(priée efficiency).

In Yotopoulos and Lau's (1973) method of measuring’technical'
efficiency tTE); interfarm differences in TE within a group are
assumed»tovbe negligible; therefore we cannot calcuiate the TE of
‘each farm, and we cannot estimate the maximum feasible yields under.
- farm conditions. An alternative lessvlimiting approach is therefore
< used in this study. Moreover, the above testAof'eqﬁal price

efficiency - (PE) with the profit functidn does not give the overall

3 Timmer, C.P. (1971), 'Using a Probabilistic Frontier Production

Function to Measure Technical Efficiency', Journal of Political-
_Economy, Vql.79, No.4, pp.776-794.

4

Lau, L.J. and P.A. Yotopoulos (1972), 'Profit, Supply and Factor
Demand Functions', American Journal of Agricultural Economics, Vol.
54, No.l, pp.11-18; Yotopoules, P.A. and L.J. Lau (1973), 'A Test
for Relative Economic Efficiency: Some Further Results', American
Economic Review, Vol.63, No.l, pp.214-223;  and Yotopoulos and Nugent
(1976) , op.cit. '
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picture of profit maximization behaviour of the farmer groups for
the inputs as a whole. To test this behaviour of farmers in the
study area, an alternative approach was used as developed by Wise
ahd Yotopoulos, and condensed in Yotopoulos and Nugent (1976,
pp.88-93), that is, a test for economic rationality. The relative
economic efficiency of groups of sample farmers was measured by -

the profit function approach above.

Analytical Techniques

Productioﬁ Function Analysis

Production function analysis deals with inpuﬁ—output'relation—
ships. ‘It is based on the physical and biologicél sciences, but
was’developed-and'ﬁsed maihly by economists as a tool for economic
analysis,ves mentioned in an earlier chepte:. “Input-output relation-
ships can be written:

Y=f(Xl,X

SIS S I (3.1)

where Y is output and X (1=1, 2, ...., n) is the ith 1nput
For a useful productlon functlon estlmate, the follow1ng ‘assumptions

are needed. ' ' .

a. Sample farms are selected randomly.5 They attempt

to maximize profit based on anticipated_output.

- b. Farmers are'price takers, and both~eutput and

input prices are fixed competitively.

c. Farmers have different endowments of fixed factors of

5
This is a cross section production function: since the farmers

_are observed at one time.

With this assumptlon, the production functlon process can be
explalned by a single equation model (Walters 1963).
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production (e.g. farm size), and varying levels of input

applications.

d. Within the study area, all farmers have -access to the

same information on improved rice technology.

. Three importaht_aspects need to be cohsidered'pridr to

estimating a production function:

(a) Model specification, i.e. the choice of an appropriate
mathematical model for the production function.

(b) variable selection and specification, i.e. the choice of
variables to be included‘in the selected production
function model, and the form in which they are to be
included. '

Ac) Cheice.of techniques for estimating the coefficients or

parameters of the selected variables.

(a) Model Specificatiqn

There are numerous alternative algebraic models that can be
used as production functions. Selection should be based on economic
theory, it can beusuggested from previous investigatien; it should
have logical impliéatibns which guide preferment, and should satisfy

'the*assumptions in the context of the empirical ‘data.

Accordlng to production theory, the shape of the productlon
curve depends on the complementarlty and substltutablllty of factors

of productlon. Three possible. cases are indicated by Ott (1962):
(i) Complementary-factors of production with*fixed proportions.

(ii) Complementary factors of production with variablevpropor-

tions.

(iii) Full substitutability between factors of production.

This is a realistic assumption since the study area is compact.
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Types (ii) and (iii) have a high likelihood in the agricultural
production process. For this process,‘two production function
models can be associated: the Cobb-Douglaé (cD) and Transcendental
(Trans) functions. From the viewpoint of production ;heéry, the
Trans might be thought preferable because it incorporates all three
stages of the neo-classical function (Halter et él. 1957) . 'However,
theory also says that the economic optimum level of production lies
only in the second stage of the production function. Thus the CD
functlon can prov1de a direct test of the existence of rational

"production behavxour (Desai 1973).

These two functional models, however, do not include inter- .
action between the 1nputs, and the functions need all the 1nputs to
form output. These restrlctlons can. be solved by fitting other

8

models, such as the Quadratlc and Translog models. The élgebraiq

models of these production functions are as follows:9

Cobb-Douglas v
‘ ' Y. =a X, X, u o . (3.2)

Transcendental

Y. =a X, e X T e u, - {3.3) .

'Translog;o .
}n Yi = lna + blln.xli + bzln X2i +,b3(lnxlilnX2i)

+ ui | E ‘ . o : (3;4)'.

8 Detailed discussions of various production function models for

agriculture can be found in Heady and Dillon (1961, pp 73-107),
Ahmad (1972, pp.57-68) , and Dillon (1968).

2 For simplicity, there are only two factors of production used
in these equations.

10 Another model of the translog was used by Ranade and Herdt (1978)

< - g 12
where b3(lnxlilnX2i) was replaced by b3‘lnXli lnxzi) . See also

Kmenta (1971, p.463) for linearized CES functions. If b, in this
equation is not significantly different from zero, we would reject
the CES model in favour of the CD model.
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Quadratic

2 2
X1p T ByXpy # b X Xog ¥ B Xy FbgXy by

(3.5)

Yi = a +_bl

where Yiv= output or yield of farm i (i =1, 2,....,n; n = sample
size); Xl and x2 are factors of production;: a, b, and ¢ are
parameters to be estimated; ui‘is a stochastic~disturbance:’ and

the 1n are natural logarithms. .

The ébbve‘funCtional models have'distihctiVevfeatures with
respect to production elasticities. Iﬁ the CD function, production
elastiéities of inputs are constant,‘while,in the transcendental,
~ translog and quadratic functions, they vary with input applicatibn
levels. The transcendental and translog become a CD function when

parameters ¢, and c (iﬁ Trans) and b, (in Translog) are not sig-

1 2
nificantly different from zero.

3

The CD model is the most widely used in farm and general
economic production function studies. It is almost universally

acceptable and extensively applied as it:
a. conforms with economic theory, -

b. provides a compromise between an adequate fit of the
data, computational feasibility and sufficient unused

‘degrees of freedom to allow statistical testihg, and

c. the relative ease of interpretation of the estimated

parameters.

Regardiﬁg the Cobb-Douglas model, Timmer (1970) wrote: 'The
Cobb-Dohglas-Function is the standard for the profession. Although
some of its seébndary characteristics are‘disfurbing...., its primafy
characteristics - ease of handling and generally gdod fit - continue

to recommend it to economists.'

When the above models were applied‘it was found that the Cpbbf
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Douglas function gave thé best fit.ll The F-test (to test the'
overall significance of the regression), and the maximum number of
significant estimates of the production function paiameters of the
CD model, were much higher than those of the other three models.

The problem of multicollihearity was not serious in the CD model,
while it was' for the other three models. . For the transcendenfai and
quadratic models, the correlation between an input and its logarithm,
and between pairs of variables including quadratic‘terms was high,

so there was a serious problem of multicollinearity.
With the above considerations in mind, the Cobb-Douglas prdduc-
tion function~mbdel-was chosen for the further analysis in this

study.

(b) Variable Selection and Specification

’vSelection of variables for the functional hbdel is ﬁeryrimpor—
tant. On one hand, ignoring relevant variables will bias the
estimates of the regression coefficients; on the other, the inclusion.
of an irrelevant variabie‘will enlarge the variance, reduce the
"degrees of freedom,.increase the possiblity of multicollinearity,
1ead'to imprecise estimates of parameters, ahd poésibly induce auto-
correlatéd reéiduals (Nurdin 1974) . ‘These‘implications.were taken»

into account in seleéting the variables in this study.

With a careful selection of variables and with the;abqve
mentioned assumptions, the productioh function for rice cultivation

in the Badenah irrigation command area for the analysis was:

lnY=lna+bl 5

E+lm ' (3.6)

1 2

Inw + bzlnN + bjlnL + b4lnD + b_1nC + ¢.T +vc

e

where Y = yield of rice farms, measured in kg grain paddy per hectare

1 In terms of F-test values (see Tables 3.1-3.4) .

12 Discussion of the problem of multicollinearity will be given

below. - . ‘ ;
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‘Table 3.1  Estimated Cobb—Dduglas production function for sample
' rice farms in the Badenah irrigation system, 1978 dry
season.
vVariable . | Parameter . tb.
b . | Beta

In Y (yield, dependent)

1n a (constant)’ | 2.6799 - v

T (tenure. dummy) 0.3219%%% . 0.2940 3.49
1n L (labour/ha) © 0.3505%%% 0.2723 3.09

In W (water depth) 0.2759** 0.2205 - 2.33

ln N (kg N/ha) - 0.1409**  0.1886 1.93

M (migration dummy) 0.1715%*%* | 0.16l6 ' 1.95 -
In C (other costs/ha)  0.1886% 0.1508 ~  1.53.
"1n D (crop damage) -0.0561% -0.1437 -1.51

E (educatioh dummy) 0.1181 .~ 0.0863 1.03
Degrees of freedom ‘-- 8/80

R ’ 0.71
. Adjusted R2 0.45

F-test - 10.05%**

S.E. of In¥ ~ 0.3816

Y = yield (kg paddy/ha), T = tenure dummy (T = 1 for non-owner
operators, and zero otherwise), L = labour used (manday/ha)

not including harvesting - labour, W = average water depth from
transplanting to 15 days prior to harvest (mm/day),

N = nitrogenous fertilizer used (kg N/ha), M = migration dummy
(M = 1 for those who had migration experience, and zero. other-
wise, C = other variable costs (Rp/ha), D = crop damage caused
by pests ‘and diseases (% of crop area), E = education dummy
(E-= 1 for those who had education more than 6 years, and zero
otherwise) .- o ‘ .

* Significant at the 10 per cent level.

- **  gignificant at the 5 per cent level.

*** gignificant at the 1 per cent level.

b = coefficients of variables.

Beta = coefficients of variables which show the relative
importance of each variable to variations of yields.. Beta

parameters are adjusted parameters of b. The higher the
absolute value of the Beta, the more important is its variable.
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Table 3.2 . Estimated Transcendental production function for
sample rice farms in the Badenah irrigation system,
1978 dry season.

Parameter

Variable. - S ‘ )
b " Beta
In Y (dependent variable)
. 1In a (constaﬁt) , 5.0452 v
p ) | | -0.0105%* - -0.4131  -2.48
In N . ~ 0.2582%  0.3458 1.64
©0.2904%%%  0.2652 2.89
, _ .'0.0026“ '0.2255 0.73
In D : o 0.0814 0.2085 . 1.19
| | 0.1761%*  0.1660  2.01
0.00002%  0.1684 1.62
_ -0.0031 -0.1645 -0.71
In W : 0.1512 0.1208 ©0.35
W ' | , ~.0.0078 0.1005  0.28
In L ) - 0.0793 0.0616 0.19
E | 0.0812 = 0.0593 0.71
in ¢ ) ' eeee . 0.0095 0.03
‘Degrees of freedom 12/76
R - - 0.74
 Adjusted R® 0.55
F-test _ »7 7.64% %%
S.E. of 1nY : 0.3733
Notes:

Variables are the same as in Table 3.1 where In = natural
logarithm, and all notes in Table 3.1 apply to this table.

«... F-level insufficient for further computation.

S.E. of 1lnY = standard error of.estimated yield.
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Table 3.3 Estimated Translog production function for sample
rice farms in the Badenah irrigation system, 1978
dry season.

' Variable _ Parameter tb
b - Beta '

In Y (dependent variable)

1n a (constant) ' 18.4449 ,

In D -1.4225% -3.6411 -1.82

LO (InL x ln C) 0.3570 .3.2728 1.01

NO (InL x 1ln C) -0.1819 -2.5676 - -1.12

in L ' -0.3284 -2.5512 ~-1.06

In N v 1.3693 1.8338 0.89

DO (InD x 1n C) 0.0720 1.7125 '0.78

WN (InW x 1nN) 0.2804 1.4912 1.17

InWw -1.8382 -1.4689 0.93

WD (InW x 1nD) 0.1419* - 0.9395 1.51

LD (1nL x 1nD) 0.0661 . 0.7645 "0.63

ln C -0.9288 ~-0.7427 -0.56

WL (1nW x 1lnL). 0.1535 0.7037 0.37

T 0.3124**% - 0.2853 3,24

NL (1nN x InL) ~-0.0678 -0.5084 ~0.29

M 0.1757*%* 0.1656 1.95

E ‘ 0.1598* 0.1168 1.34

" WO (1lnW x 1ln C) e 1.1093 0.33

.ND (1nN x 1nD) e -0.0327 0.05"

Degrees of freedom 16/72

R 0.74

Adjusted R 0.45

F-test 5.47%%%

S.E. of 1ny 0.3827

No

tes:

Lo, NO, DO, WN, WD

. variables.

All notes in Table 3.1 and 3.2 apply to

this~table.

, LD, WL, NL, WO, and ND are interaction
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All notes in Tables 3.1-3.3 apply to this table.

Table 3.4 Estimated Quadratic production function forbsample
rice farms in the Badenah irrigation system, 1978
dry season. ‘ ’

Variable Parameter tb
b Beta '

Y (yield, dependent variable)

_Constant 6.7147 .

Crop damage (D) -52.,1743%* -1.1744 -2.35"

NxN ~0.2423%* - -0.8998 -2.13

L xC -0.6882 -0.7698 -0.73

Other costs (C) 0.1046 0.6061 0.99 -

NxC 0.7506 ©0.5325 0.86 -

NxL - 0.1040 0.5261 0.88

~Labour (L) -10.6196 0.5238 1.07

WxD 1.5103** 0.4740 1.89

DxD 0.2788* - . 0.4552 1.76

LxW . =0.3163 -0.4362 ~-0.75 .

WxC ~2,2543 -0.3544 -0.58

Tenure durmmy (T) 604 .583%*%x% 0.3196 3.62

LxD ‘ 0.0687 ~0.1816 - 0.49

Nitrogen (N) -5.8563 -0.1786 -0.39

WxW ' 0.6039 0.1687 0.48

cCxC 0.7860 0.1524 0.20 .

Education dummy (E) 246.923 0.1034 1.09

DxC - _ : 0.3229 0.0875 .0.22

L xL 0.0063 0.0867 0.19

- Migration dummy (M) 156.666 0.0846 0.98

NxW ' 0.9578% '0.7755 - 1.63

Waterdepth (W). cves -0.0576" 0.08

NxD ' fee -0.0009 0.00

Degrees of freedom © 21/67

' 0.78

Adjusted R2 0.48

F-test 4.94%%%

S.E. of Y 645.6

Notesﬁ
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as reported by the sample farmers. It is assumed that output is

. : v 13
homogeneous without quality differentials among the sample farms.

W is the water or irrigation variable, measured as the average
depth of water per day at farm level (in mm) from 1 DAT (days aftgr
transplanting) to 15 DBH . (days before harvest). The depth of water
was measured directly every second day on all sample farms during‘

the survey period, as described in Chapter 2.

N is the nitrogenoﬁs-fertilizer variable, measured in kg N/ha.
Nitrogen was chosen as a specific'variablé rather than a broader .
fertilizer variable_becéuse the soil in the study area was low in
nitrogen (as outlined in Chapter 2), and also because agronomié
studies indicated that nitrogen was a more'important‘édditive than
phosphatic fertilizer in rice cultivation (Roumaéset 1976, . pp.155-6) .

. The'fypes of fertilizer used in the study area were:
a. Urea which contains 0.46 kg N per kg urea;

b. TSP (Triple super phosphate) , which contains 0.46 kg
PZOS per kg TSP; and '

c. DAP, which contains 0.18 kg N and 0.46 kg P per kg

2%
DAP. S _ - o
Sample farmerS'allvapplied nitrogenous fertilizer either as urea or
. . . _ . 14

DAP, but not all sample farmers used phosphatic fertilizer. The

inclusion of phosphatic fertilizer as a variable in the Cobb-Douglas

. function would introduce a number of zero values which would result

13 : _ a '
Because data on farm size were not available, the amount of

seed used/ha was used to estimate the size of the sample farms. . Our
field observations indicated that the amount of seed used/ha was _
homogeneous with a section, but differed slightly between the sections.
The average seed dosage/ha in the head, body and tail sections were ‘
60.6, 57.3 and 53.1 kg/ha respectively. These figures were used to
“estimate the size of sample farms in each section. ' :

l% This situation showed that farmers in the study area also
considered that nitrogen was a more important additive than phosphatic
fertilizer.
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in unsatisfactory estimates of its coefficient.

L is the labour input measured in mandays (7 hours a day).
It measures the total amount of pre-harvest labour used/ha by’a

farm during a rice crop season. Categories of labour'were:
a. ‘Bﬁliocks'and.operatorsﬂfor land preparatioﬁ;
b. Hired labour, both male and female; and
c. Eamil?'labqur, also male and female. -

Bullocks and their operétors were éalqulated in mandays by using
weighting techniques used by Yotopoulos and Nugent (1976), that'is,
by comparing the costvof a bullock and its operator with the wage
of male hired labour per hour.15 '
Thus,b ._ | _

-1 bullock day and- its operator ='r mandayé (3.7)

where r is the ratio of wages per bullock/operator hour to méle
hired labour. -The value 6f.r varied among the sample fafﬁs. A
weight of 1 womanday = 0.8 nianday16 was used, which was consistent
with the differential in the average male labour waée' (Rp750/day)
to that of the female labour wage (ﬁpsoo/day). The number of
working hours per day was the same for males and females, and the
quality of labourFWas also homogenebus. Thus, total labour used
was the sum of bullock/operator days, and hired and family labour
in mandays. Not all sample farmers us@d, bullock$for land prepara-
tion. About 47 per cent were still usiégrmms‘for land preparation,
so bullocks could not be entered as a single variable in the CD

pfoduction function.

D is a crop damage variable, measured as a percentage of the .

15 '
A bullock and its operator worked 5 hours a day in the study

area, while male and female labourers worked an average of 7 hours

a day. The wage of the bullock and its operator was about Rp750/day,
while the average wage of the male was Rp750/day and of female was
about Rp600/day. 'Thus wages per hour of the bullock and its
operator, female and male were Rp300, Rp86 and Rpl07 respectively.

1 . . ' .
6 This technique was, also used by Nurdin (1974).
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farm crop area. Damage was caused by pests, diseases or by both.
Thus if D = 10, it means that 10 pér cent of the farm rice crop
was damaged by pests'and/or diseases. Measurement was based on

farmers' opinions during interviews.

C is other variable costs, measured in rupiahs/ha.v it

~ includes phoéphatic fertilizer, pest cohtrol, seed and other items.
This aggregation was made because not all sample farmers applied
phosphatic fertilizer and took pest control measures,. but all

sample farmers used seed.

T is a dummy variable for the tenurial system where T = 1 for

non-owner operators and is zero otherwise.
M is a dummy variable for merantau (migration) experience,
where M = 1 for those who had merantau experience (i.e. had been

outside West Sumatra) and is zero for those who had not.

E is a dummy variable for education. E = 1 for those whd had

more than 6 years education, and is zero otherwise.

u is a stochastic disturbance terms, ‘and the ln are natural L—

“logarithms.

(c) Choice of Teéhniques for Estimating Parameters

Our CD production fuhction model is a single equation linear
"in 1ogarithms( so multiple linéar regression anaiysis was ﬁsed, and
the ordinary least square (OLS) method was applied to estimate the
parémeters.r It is.always assumed in estimating‘produdtion function§ v
empirically that discrepancies exist between estimated and observed
output. 'These are called a "disturbance term" .in the'theory of
éstimaﬁion,l7’and assumptions- about ﬁhe structure and distribution

of the disturbance term are needed to ensure that the estimation of -

17 Cramer (1969) stresses that the random disturbance term must

be added to allow for the effect of all variables ignored in the
“analysis. : :
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the parameters is unbiased.
The general model for multiple linear regression is:’

= + + ... + b .X.. + u, ' .
Yiv boxOi .blxli . bjle u, | (3.8)

where ¥i is tﬁe.output of farm i, xji-is use of factor Xj |

(3 =0, 1, 2, ...., k; k = number of factors of production) by
farm i@1i=1, 2, ;..., n; n= sample‘size or number.of obser-
vations),'bj are the parameters to be'estimated,18~and ui is a

random disturbance term for farm i.

The estimates of the parameters will be the best linear

unbiased estimation (BLUE) if the following assumptions hold:

(i) Y is a random variable and it has a conditional dis-
tribution with respect to each given X, ahd the Y's are

not interdependent.

I(ii) X's are sets of fixed numbers and are independent of
each other. This assumption deals with the problem of

multicollinearity which will be discussed below.

(iii) The_expected value of ui on each occasion is equal to
zero, i.e., E(ui)‘= 0.
(iv). ui is independent of time so there is no serial cor-

relation among disturbances, i.e.:

Il

E(wu) =0 for i #j, but

02 for i = j, ‘and

]

E(u.u,)
_ 1% |
Cov (uiuj) = Cov (Yin) = Q»(i # j)

iThis means that variance of u, should be the same from

_sample to sample and equal to the variéncerof,Yi, i.e.

2 .
» Oy"‘ The covariance of ui and Yi should be zero.

(v) If X's are considered as random variables, then they

18

The variable X is a vector of ones to allow for an intercept. v~
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have independent joint distributions with u, namely:
E(X.u.) =0

(v1) The' dlsturbance term (u ) is distributed normally as

N(OU)

Wlth these assumptions, the OLS method can be applled to
,estlmate the parameters by mlnlmlzlng the sum of square of the

disturbances between the observed and estimated values.

Eguation (3.8) can be written in matrix notation as:

=Xb + u o o - (3.9).
an o o .
where Y isl(n x 1) column vector, X is a matrix of fixed numbers L—

 of order (n x k) with rank (k x n), b is a column vector of order
¢k x 1), u is a column vector (n x 1) of disturbances with
E(u) = 0, and E(uu') = OZIn.

Suppose b denotes a column vector of estimates of b, and e

is the column vector of n residuals (Y-Xb), we can write:

Y=xb+e o (3.0

e2 = e'e
i .

(Y-Xb) ' (Y-Xb) |

A A

(Y'Y-Y'Xb- b'X Y + b'X Xb) (3.11)

rBy u51ng partial derlvatlves of equatlon (3.11) with respect to

. b, and by equatlng to zero, b s are obtalned

= = =2X'Y + 2X'Xb = 0O . (3.12)
&b
Therefore:
~ 1

b = (X'X) x'fY' , (3.13)
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Production Function Estimation Problems

With regard to the above assumptions of multiple regression,

our estimation could be confronted with the following problems:

{a) multicollinearity
(b) simultaneous equation bias
{c) management bias

(d) risk.

(a) Multicollinearity

One»of.the most important conditions for application of the
‘least square estimation method is that the independent variables

are not perfectly linearly correlated with each other, namely:
x # 1 S o (3.19)

where rxlg is the correlation coefficient between Xi and X..

i3 '
Multicollinearity is a condition where there are linear relation-
ships among independent variables. If the correlétion coefficient
between two independent variables is equal to unity, the parameters
"of these variables bécome undefined (Nie et al., 1975, p.329) or

indeterminate. At the other extreme, where the independent vari-

ables are not inter-correlated with each other, i.e., where:
r =0 o (3.15)

these variables are called orthogonal and.there are no problems of

multicollinearity in the estimates of the coefficients.

In practice, these two extreme cases are seldom found, the
question is rather one of the extent of the inter-correlation among
the independent,variables, a serious problem in estimating para-

meters.

'The effect of collinearity is uncertain. The evidence from -
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the theoretical econometric studies (with controlled data) as well
as from applied research is controversial and by no means con-
clusive' (Koutsoyiannis, 1977, p.236). -Conflicting views have been
given by different scholars on this matter. Koutsoyiannis (1977,
pPp.237- 8) shows that according to Thell, in a model with more than
two independent variables, even small intercorrelations between
variables lead to non-significance owing to the 1ncrease 1n standard
errors. On the other hand, Frisch showed that standard errors are
not always large when multicollinearity is present. Kleln argues
that collinearity- is harmful if the simple correlation between any
two independent variables is greater than or equal to the multiple
correlation of the.relationships: v

r2 : 2 R;,x X

X.X, 1¥2reee
173

P X (3.16)

k
Heady and Dillon (1961, p.136), Yotopoulos and Nugent (1976, p.69 )
conclude that if the correlation between a pair{of independent =
 variables is greater than 0.8 the problem of multicollinearity may

arise.

- A combination of the above crlterla, as suggested by
,Koutsoylannls, is.used in this study to help the detection of
multicollinearity. The dependent variable is regressed on each one
of the independent variables'separately. Thus we»obtain all elemen-
tary regressions,’and we examine these reSults on the basis of
a priori and statistical criteria. The elementary regression which
-appears to glve the most plau31ble results was chosen for inclusion -
in the production functlon. Addltlonal varlables are then 1nserted
step by step and their effects are examined on the 1nd1v1dual coef-
flClentS, on their standard errors, and on the overall R2 A new
variable is classified as useful, superfluous or detrimental, as
follows:

“(l) If the new variable improves R2 without rendering the

individual coefficients unacceptable ('wrong') on a priori

considerations, the variable is considered useful and ‘is
retained as an explanatory variable.
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(2) If the new variable does not improve R2 and does not
affect to any considerable extent the values of the
individual coefficients, it is considered as super-
fluous and is rejected (i.e. is not included among
the explanatory variables).

- (3) If the new variable affects considerably the signs

' or the values of the coefficients, it is considered
as ‘detrimental. If the individual coefficients are
affected in such a way as to become unacceptable on
theoretical, a priori, considerations, then we may
say that this is a warning that multicollinearity is
a serious problem". . (Koutsoyiannis, 1977, p.239).

This procedure was carried out by using a computer regression
package program, i.e., the SPSS (Statistical Packége for the

Social Sciences) program.

(b)  Simultaneous Equation Bias

As noted above, 1in estimating parameters of a production func--

tion, disturbance terms should be included.

b .
. 1,72 : _ . ,
XY = aX1 X2 u (3.17)

where Y is butput, X, and X2 are factors of production. And a, b

1
and b2 are parameters to be estimated, and u is the disturbance

1

term.

The condition for proflt maximization is that the marglnal pro-
ductivities of inputs should be equal to their respectlve prices, so -

that from the above equation (3.17) :

Mle = bl = u = Pl
l .
(3.18)
MP = Db ‘;Y u="r
b ¢ 2 — 2
2 : X2

19 The detail of this package program can be found in: Nie,

Norman H. et al. (1975), Statistical Package for the Social Sciences,
SPSS, second edition, McGraw Hill Book Company, New York, pp.320-94.
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where MPx and MP are marginal productivities of inputs X, and

A B e !
X2 respectively; Pl and Pz are ratios of input—output prices of
inputs X, and X réspectively.

1 2
From equation . (3.18) we can write:

Xy = (by/P)) (Y W)= <b1/21)<ax u)

(3.19)

o +~= U
Ve Nl

<
i

)

w o N o’
M N

o = (by/P) (Y W) = (b 2P (%

Equations 3.19 show that Xl and X2 are not onlykdependent 6n theif
respective input-output price ratio and other inputs, but also on
the disturbance terms, so that we cannot get unbiased estimators of
the equation 3.17 above. 20 Thié‘problem tan be solved by making.an
assumptlon that output never occurs as ant1c1pated so that Xi and
X become random variables (Hoch 1962) . Thls means that where
farmers ‘make their decisions they consider their anticipated output
but in fact the actual output seldom equals their ant;c1pat10ns.
Thus, anticipated output is '

.axblxbz

172

instead of

172
aXl X2 u

and the marginal productivities of the inputs to achieve maximum

profit become:

. . b, b
: 1.72
—-(bl/Xl)(aXl‘X

"y T 2) =P |
bl'bz‘ (3.20)
MP, = (by/X ) (aX, "X, =P,

With the abbve assumption, simultaneous equation bias is
avoided, since the disturbance term u does not enter into this

equation.

20 . . . |
: We have already noted that the independent variables are.
assumed to be independent of the disturbance terms. This assumption

seems to be violated in this situation (Yotopoulos and Nugent 1976,
pp.84- 85)
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(c) Management Bias

Management is recognized as an important factor of production.
It is however difficult to quantify, and despite numérous efforts,
few studies have included a management input (Ahmad 1972, p.73).
Its‘exclﬁsion will bias estimates if the variable has an effect on
the magnitudés of the parameter estimates. A positive correlation
will give an over-estimated coefficient, and if negatively correlated,

the coefficient will be under-estimated (Griliches 1957).

‘Three different approaches to the problem were identified by
Heady and Dillon (1961, p.224):
a. attempting to restrict the farm sample to a group
relatively homogenecus with respéct to management,
e.g., to good or poor managers on some subjective
_rating scale; '
b. attempting to select a farm sample. that minimizes

correlation between management and other- factors;

c. introducing some measure of management into production

function analysis.

With tegérd to a., observations can be classified into‘different
groupé of management cépability based on Subjective’reasoning; and
‘production fﬁnctions can be estimated according to these groups
"(Massell 1967a). The weakness of this approach is the subjective

factor in'determining the managerial skill of the sample farmers.

The second approach seems impossible as manégement affects all
farm activities, directly or‘indirectiy or both. It can however be
attempted by constructing an index of .management, either as a '
weighted~score based on selected criteria (Taib 1976), or ééva
'singleAprbxy variable, such as education of the farmer (Griliches
1957, -1964), or education of the farm family (Yotopoulos and Nugent
1976). Massell (1967) used a multiplicative index of farm efficiency
or management ability as a management variable. To make estimates

consistent, Mundlak (1961) and Hoch (1962) suggested pooling time
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series and cross section data and using analysis of covariance.

These attempts have three major disadvantages: (i) they may .
not adequetely distinguish between knowledge and entrepreneurial
: logic,i(ii) the management index may reflect managerial potential
rather than_ectual management input over the period studied, and
(iii) such indexes suffer frbm‘the fact that they incorporate l

subjective elements (Heady and Dillon 1961, p;225).

In the third approach, the differences betweenvestimated and
obsefved.production are used as‘the management variable (Heady 1946)},
The problem there, hoWever, is that the residuals may not be related'
tO‘managément'but to other factors'ofrproduction (Heady and Dillon. »
1961, p.225), or, there may be serious multicollinearity'between the
management variable and other factors of producfien'which may also .
bias estimates. It.ﬁas been ergued that since:menagement changes
output indirecﬁly,'through other factors, so the relationship
between management and oﬁtput should be examined indirectly too

(Johnson 1967), but the method fof.this has‘not been clearly evolved.

Another question is whether the management variable affects the
" intercept or the'slope of the production curves, or both (Etherington

1973) . If both, we will face the problem of degrees of freedom.

Our study does not include a management variable directly in
estimatihg the production function. Some proxy variables_suéh as
beducation, merantau.(eutmigration) experience and tenurial systems
are included in the productibn funcﬁion model, as also used by Moock

(1976) .for estimating the production functionzof maize in Kenya.

(d) Risk

Neo-classical theofy of agricultural production does not include
risk in analysis (e.g. Heady and Dillon l961).» Attempts have been '
‘made to blend riskless neo-~classical theory with concepts of decision
theory in order to show that risk genefally has aesignificant impact

on resource allocation in decision-making (e.g. Anderson, Dillon and
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Hardaker 1977, Chapter Six, and Roumasset 1975). If a farmer is
risk averse,‘risk acts as a friction on production and induces a
lower level of resource use than would otherwise prevail. If a

farmer prefers risk, the reverse occurs.

In agriculture, risk can broadl§ be divided into output and
price risks. Usually, 'price risks for both ihputs and outputs are
ignored for two reasons: (i) price risk is generally small in
comparisbnvtq yield'risk; and (ii) even when there is considerable
variation in rice prices, as there has been, for exémple, since thé
introductidn of MRVs in 1966, the high covariance between the prices
of different rice varieties, with the high elasticity of substitution
on the demand side, reduces the role of price‘variability in choice

of techniques'. (Roumasset 1975, p.53).

In this-study area the price of rice and of key inputs (e.g:
fertilizer, seed and pesticides) are controlled by ‘government and
are therefore not uncertain. Hence, price risk is very small and

can be ignbred in this analysis.

'Output risks arise from input variability £hat is outside the
farmer's contrél.' They are stochastic with values unknown at the
time of farmers' decisions about input variables that are under
théir contfol. 'Tﬁese lnclude, for example, climatic conditions,
éest and disease damage. Climatic risk, from monsoon and other
’ weafher condiﬁions has been minimized in the study area since the
éompletion of the Badenah‘irrigation prbject.._However,‘the rice
crop was sﬁbject to éttack by‘rodents; and our field observations
‘indicated.that farmers took preventive measures by draining rice
farms earlier than was recpmmended.‘ Variations in choice of timing
of draihlng farms could perhaps be‘interpreted as,indlcating'riék
preference differentials among the farmers. Alternativély, they
could refléct differences in farmers' prediction of the likelihood
or timing of rat attacks. However, és will be shown in Chapter '5,
this wasva-complex calculation as‘time of drainage and rodent attack

had counterbalancing effects on rice yield. Our field observations
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indicated that risks other than from rat damage in the study area
were low. In the circumstances, risk was not taken into account
directly in this analysis. Special attention is, however, given
in the analysis below té the questions of time of draining and

rodent damage as factors in determining:output;‘

_Measurement of Technical Efficiency

There are, however;, two ways‘in which the CD production func-
tion model (equation 3.6) can be eStimatédf If we wish to find the
avevragé production _function, i.e. the production  function for ali
the farmers-invthé sample, the pafameters of the equation are esti—
matéd by the method of Ofdinary Leést Séuare (OLS) using thé‘data
of all the farmers. But when we wish to fiﬁd the maximum feasible
yields under farm conaitions,‘and.to méasurg TE of each farmer, we
have to calculate a frontier production'function. Many methods have

been»suggested for this purpose. This analysis uses the method ofb
| Timmer (1970,1971) to estimate a CD frontier production functionvby

the method of Linear Programming (LP).

The basic concepts of the Farrell techniques were used by

" Timmer (1971) with a humbe: of important differences.‘ For instance,
Farrell's aSsumption of a linear homogeneous production function was
relaxed and a CD.production fuhction was specified. The frontier |
functioh is estimated in input-output space (in Timmer techniques)

rather'than'input—input space (in Farrell techniques).

The general model of the Cobb—Douglas production function is

, b, b, b. : '
Y, =A X, X.5 .... X.J E, (3.21)
i 1i 21 77 ji i -

or in.logarithms,(with lower case letters),
m - : : : '
y. =a+ Zb,x.. +e, ' (3.22)
i j=1 331 i

where Yi = yieid of farm i, in = use of factor j by farm i,
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A = a constant or intercept, bj = factor elasticities, and Ei = a

random error term that contains a systematic efficiency term as well.
If all ei in equation (3.22) aré constrained to one side of

.the estimated production surface the‘resulting function is an -

envelope or frontier function. To make the frontier efficient,

equation (3;22)Ashould be estimated as

m A N
d+k b.x.. =y, >y, - S (3.23)

By setting all e, > 0, equation (3.23) can be written as an

equality:
a+ 2z b.x,i e =y, ' , A (3.24)
j=1 33 i < ._ -
. n
The technique of estimation is then to minimize X éi subject to.
' ' i=1
A m A . ‘
a+ 2z b.x_i > y.l
j=1 J 3 .
and
' a .and bj >0
n- ‘
For a solution by linear programming, L éi must be expressed

-as a linear function of a; bj and xji' By summing the equation:

: : n
(3.24) over i and then solving for L @e,, we get:
. i=1 '
n n o m n ' o _ ‘ A
z éi =Y L (A+bx,)-Lvy. - (3.25)
i=l *i=1 j=1 It i

n ‘ '
For any. particular data set, (-1L yi) is a constant, 'so it can be
i=1 '
.dropped from equation. (3.25) without consequences. ‘' The remainder

is suitable as a linear programming objective function. For com-

putational purpose,. the arithmetic mean of the observations on the
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jth input (ij) is used instead of the total. Thus, our linear pro-

gramming problem is to minimize:

a+b% + ....+Db,X, ' (3.26)

1L 33
subject to:
a + blxll + ... .. + bmxml 2 Y,
.. '_ . . (3.27)

and

a20; b,>0 | (3.28)

This can be solved with any linear programming package.

- In order to avoid the problem of spurious errors in the extreme
obsefvatidns, Timmer suggests fitting a probabilistic frontier, in
which equation (3.23) must be translated into a probability state-

ment, i.e., .

: > A > .

- where P . is an éxternally spécified probability (e.g. 98 per cent),
for which the ineqﬁality is to hold (Aigner and Chu 1968). The
value of P will be obtained'by‘deleting a‘percentage of observations
on the_assumption that fhey were affected by statistical errors, e.qg.
by deleting 3 per cent of observations which are most efficient

(Timmer 1971).

Technical efficiency of each sample farmer was measured with
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the probabilistic frontier production function. The ratio of the
‘actual yield of farm i '(Yi)- to the estimated yield of farm i (Yi)
from the frontier function estimates, gives. the technical efficiency

rating of farmer i. Or, in equation form,
" TER, = Y,/Y, ‘ 3.30
TER, = Y /¥. , ( )

" where TERi is,thé technical efficiéncy rating of farm i. The degree
of technical efficiency between groups of the farmers was calculated
by using formula,

TER = ——1 (V./Y) - ’ (3.31)

N ™8

1.

TERg is the average technical efficiency rating of farms in gfoup
‘g; m is the number of farms in that group; Yj'and Qj are the actual
-and the estimated yields of farm j of group g, where j=1, 2, ....,

m.

Measurement of Yield Gap Factors

There are two important factors that cause variations in yields

of rice farms:

a. Differences in the amounttbf inputs used per hectare;_

and/or

b. Differentials in the technical efficiency among the rice
farmers, i.e. differences in the output farmers would get.

from the same inputs.

These differentials are quite distinct aspects of agricultural
éfficiéncy; they vary_Considerabiy among farmers and sometimes in
different directions. Therefore, it is useful to find a quantitative

" measure of each.

Supposé Ya and Y, are the production functions of the A and B

b

groups of rice farmers respectively; and let X and x, be the actual

b
average inputS'applied by these two groups. Then Ya(xa) is the
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average yield that the A group would get using its input levels, and
Ya(xb) is the average-yield that the A group would have got using
the input levels of the B group. Similarly, Yb(xb) is the average
yield that‘the B group would get with its input levels, and Yb(xa)
~is the average yield that the B group would have got using. the
input leyels‘of the A group. All of these average yields can be
‘calculated from the production function estimates of the two groups,
Ya end Yb, Then, a'eonvenient'decempoeition of the'diffefence in .
average yields into those due to the two factors is given by the

following formula:

Ya(xa) - Yb(xb) =

: . . due to differences in
5 [}a(xa? - Yb(xa) * Ya(Xb) - Yb(xbi] technical efficiency

' . A due to differences in '
* {%a(xa?_- Ya(xb) * Yb(xa) - ?b(Xb{] inputs applied levels

(3.32)

This aecomposition can be applied to any two greups with
different’production functions. Thus, the values needed in the
equation (3.32)‘can be calculated only if the production functions
© of each‘groﬁp have been identified, and the levels of inputs applied

by eaeh group are given.

If the produetiOn functions of each group are unknown, but the
average technical efficiency of each group can be calculated with
the equetion (3,31),'there will be another way to'caleulate the |
values needed in the equationl(3.32). The values of Ya(xa).and
¥b(xb) can be taken from the data of actual average-yields of . the
two groups of farmers. The values of Ya(xb) and Yb(xa) can be

calculated by the following formula.

TER

Ya(xb) - Yb(xb) TERb '
' (3.33)
TER ,
Yb(xa) = Ya'(xa) —

TER
a
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where TERa and TERb are the average technical efficiency ratings of

the A and B groups respectively, calculated by the equation (3.31).

This alternative approach was applied in this study'to the
differences of average yields between farmers in the head, body, and
-tail sections; and also to those between the owner, fixed-rent and

share—cropping operators groups of the sample farmers.

Measurement of Allocative Efficiency

The condition for profit‘maximization, as discussed above, is
that the marginal value product of an input is equal to'the unit
price of the input. 1In the CDvperuction function case, the marginal

product of an input is,

MP, = b, (~<) ' (3.34)
J 1 X, o o .
]
where:
MPj = the marginal prodﬁct of input j.
bﬂ = the production elasticity of input j.
¥/Xj = the average product‘of input j.

Thus, the condition for maximum profit is,
b.(Y/X.)P = P;
J / ] Y -]

or . - : . ' ‘ ‘ '-i ' (3.35)
b (Y/X.)(P /P.) =1 ‘ '
3( (x])( y/PJ) ‘

where Py and Pj are prices of output and input j respectively.

The left hand side of equation (3.35) is the allocative or

price ‘efficiency index of the rice farms for input j, viz.,
AEI, = b, (Y/X.) (P_/P.) - (3.36)
3 J / ] y 3 , «

‘where AEIj is the allocative efficiency index of the farmers for

- input j.
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The AEIj of each group of sample farms was estimated by sub-

stituting the geometric mean values of the output and inputs and

the arithmetic mean values of the prices of inputs and 6utput. Thus,
the AEIj for'a.group g for input j is;, ‘

AEI. =b. (¥ /X. )(P /B, O (3.37
AEIJg ' bjg( g/xjg) (Pyg/PJg) v N { )

‘where g stands for the farmer groups.

A group of farmers is said to be price efficient for input j
if the AEIJg is not significantly dlfferent from unity. If the
AEIjg is greater than one, it means that the level of the input j-
~applied is below the level for maximum profit. Conversely, if it
is less than unity, it indicates that the level of the 1nput applled

exceeds the level for profit max1mlzatlon.

To test whether AEIjg significantly differs from unity or not,

the variance of AEIjg is computed by the following formula,
5 . .
Var (AEL = (ABIL, . var (b, ) 3.38
( Jg) ( Jg/bjg) ( Jg? ' . ( )

where var (bjg) qan_be calculated from the Sténdard error of’bj.Zl'

Measurement of Economic Rationality

Farmer'efficiency in allocating inputs‘tobmaximize profits can
be tested by assessing their economic rationality. For this study,
the technigue of Wise and Yotopoulos,"as condénséd in Yotopoulos and

Nugent (1976, pp.88-93), was used.

21 - Yotopoulos, Pan A. (1967), "Allocative Efficiéncy in Economic
Development", Research Monograph Series, No.1l8, Center of Planning
and Economic Research, Athens, p.194. It is assumed that in the
equation (3.38) that the yield is held constant. This is not true
in our case because it is derived on the basis of b, , which is only
an estimate of the true population elasticity. )9 Thus, it will
vary over alternative samples. However, since it is estimated with
the inputs held at their geometric mean levels, the equation (3.38)
causes only a negllglble bias in the variance estlmates (Heady and
Dillon, 1961 p.231).
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This is a model comprising a Cobb-Douglas production function
with two factors of production (capital and labour), constant
elasticity supply functions for inputs, and constant elasticity

‘demand functions for output.

¥, s AiK?LE ‘ S (339
17 Kepy o Py = (Ki/ﬁ)l{n" ‘(3'40?}
L, = léli or B, =»(Li/1)1(€ i (3.41)
v =ad  or b = (Yi/q)'i/xj, (3.42)

i vi ‘ yvi

~ where Yi' Ki and Li.are physical output;.capital and labour,

respectively, for farm i; and Pyi are thé prices of

res CFrir Pig yi &F
capital, labour and output, respectively, for farm i; Ai is the
technical efficiency parameter which varies from farm to farm;

o and'B are the'elaéticity coefficients of‘production and are
assumed constantvécross'farms; N and € are thevprice elasticities
6f supply for capital and labour, reépectively; ahd A is the
demand'elasticity for output, and these elasticities are presumed.

constant ‘across the farms.

. Total revenue of farm i from output Y is

-1/X

) - _ I/, (1-1/73)
Ry = BygYy = (/0 Y=Y

A . (3.43)

By assuming that the'market*is clearéd (demand = supply), we can
subStitute equation (3.39) into eqﬁation (3.43), and total revenue
of farm i becomes '

B)(l—l/A)

1/\ o
a (BKLy

R.=
1

and by supposing

a = /s @1
o1 v 1 -
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~we can write total revenue as

R. = A u(l 1/A) B(l 1/)) ' (3.44)
i 01 i : 1 : .
where Aoi is the technical efficiency parameter that represents
exogenously determined inter~farm variations in the volume and

quality of the fixed factors of production (e.g. farm size and .

management) .

The total cost of capltal and labour can be drawn from equatlon

(3.40) and (3 41), -respectively, i.e.

I
-

| 1/m, (1 +1/m) |
cki‘ P (l/k) K, (3.45)

p..L, = (1/1)

CliA Clii

ey, oy 1e) (3.46)

The total profit of farm i under the assumption of constant returns

to scale is
I, =R, -C, -C.. (3.47)

so by substituting equatlons (3.44) to (3 46) into equation (3. 47),'
the total profit of farm i becomes
a(l 1/l) B(l l/K)

Hi - A01 i 1 '<1/k)

ng (4 1/m) gy L/eL (14 1)
i ~ i

(3.48)

‘It has been assumed that farmers have knowledge of their pro-
duction and return functions. The hypothesis of economic rationality

is that farms maximize profits if

6Hi Gﬂi , =
'S’Ii‘—= §] and w—— =0 ‘ ‘ (3'49)

The profit maximization condition for capital inputs (Whether or not
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labour inputs are at their correct levels) becomes

oIl R i
i_ _ i I/, /m
W, a(l-1/N X, (1 +1/m) (/K7 TK T =0 ,(3550)

which can be written as

VY

E; _Qa +1/m ax Tk, D (3.51)
K, a(l - 1/N) *
1
oxr
Log Ri =a+ (1L + 1/n)log Ki ‘ o (3.52)
where,
_ (L+1/m) .1/
a —'log ol = 1/N) (1/k) ™ n

With the same‘apprOach, the maximization condition for labour inputs

(whether or not capital inputs are at their correct levels) is

Log R, = b+ (1 +‘l/€)log'Li _ . o ,' (3.53)"
where,
~ (L +1/8) . 0.1/
b = 1°9'§73'if17X7'(1/1) ‘€

From equations (3.52) and (3.53), we find

(b -a) ., (L+1/€)
A+ 1/m 1+ 1/

Log KiA= log L, S (3.54)

Since a and b are constants, equations (3.52), (3.53) andi(3Q54)
represent linear relationships between log Ri and log Ki, log Ri

and log-Li, and between log Ki and log Li, respectively.
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The economic interpretafion of these linear relationships is

that

(a) Equation (3.52) describes -the maximizing behaviour of
the farmer who can control the quantity of capital he

employs - by holding the quantity of labour constant.

(b) Equation (3.53) describes the maximizingvbehaviour that
can control the quantity of labour use by holding the

_amount of capital constant.

(c) vKuation (3.54) impliés that the tWo,variable factors
‘ (K and L) have been combined in such a way as to minimize

the cost of achieving a specified level of revenue (R).

The model does allow for systematic variation in the profit
. maximizing inputs and output of the individual farm, since it is
assumed that the technical efficiency term (Ai)lis an exogenous

variable that varies from farm to farm.

If we combine equations (3.52) and (3.53) with the production
function we form a system of simultaneous equations in which log Ki'
logLi and log Ri.are linear functions of Aoi (see Yotopoulos and

Nugent, 1976, p.90).
The system of simultaneous ‘equations is

logAoi + constant = [}1+1/n) - d(l—l/l{} loéKi'4 B(l-_l/)\)logLi
. | (3.55)

longi'+ constant = —oz(l—l/}\)logKi +,[}l+1/$) - B(l;l/ki] logLi

The solution of this system gives

9
(1 + 1/n)

log K, . log A , + constant .(3f56)
1 Ol . .

g log A , + constant '(3.57) fr‘
(1 + 1/8) oL

1]

log Li
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where

1

a(l - 1/0) B(L - 1/A)

1 -~

(1 + 1/m). (L + 1/¢)

And by substituting equations (3.56) and (3.57) into eQuations(3.52)
“and (3.53) respectively we get ’

.= .+ , .
log Rl g log AOl constant (3 58)

The abOQe equation systems (3.52-3.54) and (3.56-3.58) are in
terms of profit maximiZing variables, so their variables are non-
. observable. - To be observable, they should be formulated in a

stochastic mbdel that ‘also allows for random variation. The obser-

vable equations are

log K, = Xli = xli - uli_‘ ' (3.59a}
log L, = X, = X,. = u,. o o (3.59b)
log Ri = Xoi = x_; ;‘?i ’ : | (3.59c?
log Aoi-='zi | o o l_ - (3.5§d)
,wherg'xli, X2i' and_xéi are the systematic and nonFObservable

variables of capital, labour, and butput,.respectively; xli’bx2i
and xoi are the observable actual amounts of inputs used and outputs
prodﬁced (in logs), while Uy uZi and vi are stochastic deviations

from profit maximizing terms of the respective variables x x,., and

i 72i
X 5* It is assumed in these equations that the errors are entirely

due to deviations from maximizing behaviour.

Yotopoulos and Nugent then proceed to define the index of
economic rationality, i.e., the propbrtions of the variance (in the
logs) of the observed gquantities of farm inputs of labour and capital

which are caused by the variations in the observed systematic profit
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maximizing component of these inputs. Thus

b - var Xll _ var X21
varx xli var X2i
or
var % var x.. .
b iy VT (3.60)
' var x_.. . var X._... A
21 2i

where P is the index of economié rationality and'othér notations
are as abbve.i Yotopoulos and Nugent (1976, pp.l05-6) proved that
‘thé index of economic rationality (P) ié thersimple'COrrelation
coefficient of equation (3.54) after itis transformed into a stochas-
tic equation. Similarly, the slope coefficients of thé‘equations
(3.52) and (3.53), after they are transformed into stochastic |
equations, will give estimates of the elastiéitiés of thé supply of
capitali(n) and of labour (€), and are obtained by calculating the

ratio of the standard deviations of the observed variables (81/32).

It should be noted that with regard to the error terms above

(u.., u..,, and v,), it was assumed'thaté

1li 21 i
(a) E (u;;) =E (uZi) =0
(b) cov (uli,zi) = cov (uZi”Zi) =0
(c) . cov (v,,Z.) =0
i’7i

(d) cov.(uli,uZi} =0

(e) E (vi) = O..

‘Assumption (a) means that the Vélﬁes bf the two inputs are those
that‘maximize profit. This assumption, although common, is not
necessary for the errors-in-variables model (Klein, 1953; p.285). A
more general alternative assumption is that E Xuii)‘and E (u2i) are

constant.

Assumption (b) means that the errors in the inputs are not

correlated with the errors in the exogenous variables. This
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assumption is necessary for estimates of both the slope parameters

and the index of economic rationality (P).

Assumption (c) is similar to assumption (b) which is used in.
the estimation of the slope parameters. Assumption (d) means that
‘the errors in the capital and labour inputs are not correlated with’
each other. This is used for_the'measuremeﬁt of P but it is not »
required for the estimation of the slope parameters. .Assumptidn (e)
is not crucial for_statistical’analySis of_this model, so that it is
permissible for E (vi) = cohstant, i.e., there is a syétematic bias

in the efficiency parameter across farms.

By substituting definitions in equations (3.5%9a-3.59d),

equations (3.52) to (3.54) can be written as

X, -V, =at (1 +.l/n)(xli - uli) (3.61§)

X3 "V < b+ (1 + 1/¢) (x2.l - uzi) (3.61b)

X, - u, _ _(b-a) (1 + 1/e) ) SN
l} 1 __(l‘+ i -+ 1+ (x._. u,.) (3.61c)

1/m) 21 21

These equations (3.6la-3.6lc) are in terms of Observables,sq they

can be eétimated directly.

- Similarly, by employing the definitions in equations (3.59%a-
3.59d), equations (3.56) through (3.58) can be written as ' '

g .

Kl T iy % Uy tooomstant =X, +uy, o (3.62a)
F e . . = .+ . .
le 1+ 1/9) Zl + u21 + constant le u2l (3.62b)
X , = gz,'+ v, + constant = X , + v, o o © (3.260)

oi i i oi i

And by substituting var Xli and var X2i from equations (3.62a-
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3.62c) into equation (3.60), we can write

2
var Xli'= j———iL—f—E-var'Z.
(1 +1/n)
_ 2
var X, = —3  var Z.
21 (1 + 1/‘&:)2 1‘
or
ARy VAR g+ el
var_X2i var 321 (l + l/m2
or
(+ 1€ Lk (3.63)
e (var xli/var xzi) .

asim

The expression in eQdation (3.63) is the diagonal regression
coefficient relating xli and xéi' and the index of economic ratio- -
nality (P) is the simple correlation between x

1i . (Yotopoulos
and Nugent 1976, pp.l1l05-6). :

and_le

Since the model is the errors-in-variables type, the approp-
riate estimates of (1 + 1/n), (1 + 1/e), and (1 + 1/€)/(1 + 1/n)
in equations (3.61a-3.61c) are the diagonel regression estimates,

namely,.by using the-eéuation (3.64),
612 =_p12(cl/02) . | (3.64)

where 1 and 2 are the dependent and the independent variables, -
respectively, in the least square'estimation.'~Since the diagonal
vregression'coefficient’is ai-sign p12, it can be estimated by '
Blz/plz. The standard errors of the coefficients are obtained by
assuming var (b/r) = - (var b)/fz} This implies:that cov’(b,r) and
var (r) are neglected because they have opposite signs. Thus,'the
“standard errors of the diagonal regression coefficients are

(var b)/rz, and from the coefficient estimates, we can compute the

elasticity of supbly.of capital (n) and of labour (e).



-85

Relative Economic Efficiency Measurements

" The relative ecohomic.efficiency between two grou<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>