CHAPTER |11

RESEARCH METHODS

This section focuses on describing methodology of the study. Conceptua
framework, sampling technique, data collection, data anayss, and theoretica
framework of the stochatic frontier andys's are presented in detall.

3.1 Conceptual framework

Litchi is a perennid crop and is one of the mogt environmentally senstive fruit
trees, S0 it has the characteridtics that are different from the annud crop. To consder
the factors influencing litchi yidd of the individud farm, they can be dassfied into
three groups 1) Effects of the production environment on the location of fam, 2)
Characterigtics of litchi ordhard that the farm holding that show the litchi orchard
status as the number of trees or tree dendty, average tree age, irregular bearing, etc.
that form the differences of litchi yidd among the fams, 3) Cultivation practices that
reflect ability of each farmer in litchi orchard management through the awareness of
litchi cultivetion techniques, input utilization, etc. The characteridics of production
environment, orchard propety and cultivation practices created differences in
individud litchi yidd and technicd efficiency among the farms are modeled (Figure 3).

Once we have records of the sdected litchi farms that were randomly sampled
gven the sdected criteria representing the whole population, we can obtan a
production function for litchi in the region. A stochagtic frontier production function
for litchi in the region can be etimaed usng the maximum likeihood edtimeation
method, so that it presents the potentid outputs from different set of inputs. From the
codfficients of the stochadtic frontier estimated, we can meke an evauation of the
factors influencing litchi yield in terms of production aspect as well as market aspect.
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The difference between the actua output and frontier output of each farm can be
addressed as the technicd inefficiency index. The causes of technicd inefficiency ae
later on defined by its determinants thet related to the characteridtics of the farms and
the quality of human resources.

Litchi production Characteristics of Litchi cultivation
environment litchi orchards practices
Individud litchi

yidds

Maximum likelihood Stochastic frontier

estimation (MLE) function
Technica Evauating factors
efficdency afecting yidd
Factors causing Technica Determinants
ik inefficiency (T.I) of T.I

Figure 3 Conceptua frameworks of the factorsinfluencing litchi productivity
3.2 Scope of the study

The study focused on the litchi farmers in Bacgiang province, northern Vietnam.
Cross sectiond data and information of litchi production in crop year 2002 were
collected, after farmers had harvested, based on the memory recal of the respondents.
This crop was consdered as a year of norma production condition due to no severe
disease and no bad climate condition. Idedly, if the data for this sudy were time
series to obsarve varidions in the production trends then the making conclusion
would be more meaningful. Therefore, such data were not avalable, the findings
might partly have limitation.
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3.3 Site selection

Bacgiang province condss of 10 didricts, namely Lucngan, Lucnam,
Langgiang, Sondong, Yenthe, Hiephoa, Yendung, Vietyen, Tanyen and Bacgiang
town (Figure4).

Lucngan didrict is known as a big center of litchi production in Vietnam, its
gross output share occupied about 90 percent of the provincid litchi output, and its
planted area accounted for 30 percent of that of the province in 2000. Lucngan aso
converges the topographicd features of its province such as lowland, hills and
mountains. Therefore, the fidd survey focused on litchi famers in Lucngan as the
represertetives of litchi producers in Bacgiang province. Beside that, litchi trees have
been expanding to other didtricts such as Lucnam, Yenthe, Sondong, but their yields
were low due to young trees and limited suitable land for growing litchi.

LANG SOM

\\ GQUANG NINH

Selected sites

Northern Vietnam (Notes: @ =Quison,® =Kienthanh and @ =Namduong)

Figure4 Map of Bacgiang Province

The survey was conducted in Lucngan during Oct.-Nov., 2002. Mgority of the
information was collected from the interviews with a tota of eghty (80) interviewees
a three representative communes, namey Kienthanh (30), Namduong (27), and
Quison (23). These communes covered the features of sampling for the study area

such as ethnic minority and mgority groups, different soil type structures and other



28

characterigtics. Commonly, litchi was grown in the two badc soil types such as
farditic soil and old dluvid soil in Lucngan didrict in particular, and in Bacgiang
province in generd (Dan et al., 2002). Therefore, Quison and Kienthanh represented
the ferraritic soil Stes, whilss Namduong was sdected as a Ste of the old dluvid soil
located in the left bank of Lucnam river (Figure 4).

3.4 Datacollection

Feld survey focused on understanding the litchi production system in the study
aea in order to identify factors affecting litchi production and to evauate their effects
on litchi productivity via the dtochestic frontier gpproach. Data sources include
secondary data, and data from the litchi farm survey in the study area.

3.4.1 Primary data

The structured questionnaire was designed and pre-tested before conducting the
forma survey in order to get adequate data and to omit ambiguous data. A random
sample of 80 litchi farms was sdected for the interview. Criteria for the feld survey
incdluded as follows

1. Gengd information of the household such as age, ethnic, education
attainment and farming experience of household heads, family size, etc.

2. Characterigtics of litchi orchard such as farm dze, tree dendty, tree's age
digtribution, proportion of irregular bearing, productivity and yield,

3. Cultivation practices such as bresking up the earth, pruning, fertilizing, irrigation,
goray and harvesting thet relate to utilization levels of inputs, labor and capitd,

4. Economic aspects in litchi production such as litchi fruit consumption, inputs
and output prices and additiond information of agricultura production performances
and off-farm income activities, access to credit program and new advances, etc.
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In addition, informa surveys were conducted with key informants with specid
questionnaire for specific purposes, including locd leaders and experts on litchi
production fields. A number of experienced people in litchi research dso gave
vaugble information to thisstudy.

3.4.2 Secondary data

To be aware of the factors affecting litchi production and evauating their effects
on litchi productivity via the stochagtic frontier function approach in the study area, a
number of reevant publications were reviewed. Researches on litchi - cultivation,
quantitative studies on orchards, annua reports, and the data on biophysicd, socio-
economic and demographic characteristics of the study area were dso gathered from
vaious sources. The data and information came from the following sources datistica
yearbook, datiticd data of the digrict and province, Bacgiang Department of
Agriculture and Rurd Development, Lucngan Agricultura and Land Management
Office, webgtes of related indtitutions

3.4.3 Dataanalysis

Descriptive method was employed to explain the production litchi system,
cultivation practices and input utilization including Smple datidics e mean,
minimum, maximum, standard deviation, first quartile and third quartile.

Quantitative methods were gpplied for evauation of the factors influencing
litchi yidd and technicd inefficdency, and for andyss of input utilization efficiency
based on the stochastic frontier function analysis as presented in the next section.

Data gathered from field survey were entered and then synthesized using the
EXCEL in order to cdculate the indicators and make descriptive Satistics for litchi
production sysem. The advanced andyses for evaduating the factors influencing litchi
productivity was done by usng some econometric packages such as LIMDEP 7.0 and
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FRONTIER 4.1 to tedt data and estimate frontier production function and technica
efficency.

3.5 Theoretical framework

3.5.1 Production functional form

Production function describes the technica reationship between the inputs and
outputs of a production process (Codli et al., 2001). It is a meaningful instrument of
representing  production technology and is a badc approach for productivity

measurement.

A production function, in agriculture generdly is a bio-physica concept which
indicates the relaionship between the physica quantities of a crop grown and the st
of inputs used to produce the crop under consderation (Ozsabuncuoglu, 1998). In
other words, Y =f(X1, X2,..., Xn)

Where, Y is the physcd amount of the crop and X is quantities of respective
inputs consumed to produce a given amount of product.

The development of production functions is very important, paticulaly in
agricultural  sector because agriculturd  production depends sgnificantly on dimatic
and environmentd factors. There are many numerous input-output rdaionships in
agriculture because the rate a which inputs are transformed into outputs will vary
among soil types, animds, technologies, ranfdl amounts, and so forth. Any given
input-output relationship specifies the quantities and qudities of resources needed to
produce a particular product (Doll and Orazem, 1978). In mathematical form, genera
production function form can be written asfollows:

Yie = f(Xij, bi) exp(ey) ©)
where, Y j; = output level of farm j,
Xijt = input i used by farmyj,
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bi = vectors of parametersto be estimated,
ej = error term

exp = exponentid term (basis of naturd logarithm)

There are two basic types of production function form that have been used
widely in the studies and researches on the stochastic frontier analysis that are Coblb
Douglas and trandog functions.

Trandog production function is the most popular flexible function form in
applied research since the trandog form imposes no redrictions upon returns to scae
or subgtitution possibilities. However, it dso has the drawback of being susceptible to
multicollinearity and degrees of freedom problems because there are too many
interactions among the pair of variables. The genera form can be written as,

Y =a + Sb; InX; +1/2S;S;d;; (InX;)(InX;) +SgD; + U 4
where, X X =inputs,

a = congtant term,

bi, dij, g = parameters to be estimated

D; = dummy variables,

U = eror term.

The Cobb-Douglas functiond form has been commonly used in the empiricd
edimation of frontier modds and its smplicity is a very dtractive fegture. A
logarithmic transformeation provides a modd, which is linear in the logarithms of the
inputs and output, hence, the Cobb-Douglas form is easy to estimate and interpret.
However, it dso has a number of restrictive properties such as unitary dadticities of
subdtitution, congtant input eadicities and returns to scde for dl firms in the sample,
The genera Cobb-Douglas functiona form is defined asfollows:

LnYj = a0+ SaijlnXi + SqxDy + €; ©)
where, Y; = output level obtained by farm j,
Xj;=inputi used by farmyj,
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g - efrror terms,

ai , gk = parameters to be estimated, a o= constant term,

Dy - dummy varidbles,

Sa; isreturns to scae parameter; a; - patid eadicity of input X

A number of Sudies have edimated both the Cobb-Douglas and the trandog
functiond forms and then tested null hypothess that the Cobb-Douglas form is an
adequate representation of the data, given the specifications of the trandog form. In

this study, the Cobb-Douglas production function form was employed to consider the
effects of the factors on litchi yield, and some basic theories of economics were

goplied for production economic andysis as stated below

Factor elasticity or partial elasticity of production (E;): Output eadticity of
input X, denoted by E, is defined as the proportionate rate of change of output Y with
respect to X (Henderson and Quandt, 1988). It shows the degree of flexibility of an
output's production level as a response to the variation in input-i. Output eagticity can
be calculated asfollows:

_ % changeinoutput (Y) = dY/dX; - MPP (6)
'= 9% changeininput (X) Y/ X APPy;

where, MPP= margina physica product, APP= average physica product

Profit maximization: to maximize profit, the alocation of each input follows the
principle of margind vaue of product (MVP) of each input must equd its price
VMPx; = Py (where, Py = price of input i)

3.5.2 Stochastic frontier production function

The terms, productivity and efficiency, have been used frequently in the media
for over the last ten years by a vaiety of commentators. They ae often used
interchangesbly, but this is unfortunate because they are not precisdy the same things.
The didtinction between the terms can be illustrated by a production frontier, which
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may be used to define the rdationship between input and output. The production
frontier represents the maximum output atainable from each input level. Hence it
reflects the current dtate of technology in the industry. Frms operate either on that
frontier, if they are technicdly efficient, or benesth the frontier, if they ae not
technicdly eficient (Codli et al., 2001).

The parameters of the Stochestic frontier production function in EQ.(7), as
defined in Eq.(2), can be estimated usng the maximum likdihood function of . The
method is estimated by the density function of e asfollows (Aigneret al., 1977):

Y=1(X;, b)exp(V;—U;) i=1,2...N 7
f(e) = 2d* f "(e/dd) [1-F “(el de?)] ®)
where, e =Vi-U;, -u<e<+u

de= &(ch?+d.?)

| =dy/dy

exp = exponential term (badis of naturd logarithm)
f () isthe standard normal density function, F *(.) is standard normal

distribution function, estimated & e/d” and el d™, respectively.

The stochastic verson of the output-oriented technica efficiency measure of an
individud farm is given by the following expression

TE = Y/ Y™ =£(X;, b)exp(V;-U) / f(X;, b)exp(V;) = exp(-U;) C)
Snce U; =0; O0=exp{-U} =1

The term U is assumed to be a one sided-nonnegative random error term and
independently and identically distributed as N*(1,6.2), refledting technical inefficiency
with mean p and variance 2 Therefore, to estimate U for each observation derived
from the conditiond digtribution of U, given € = V- U), with a norma digtribution for
V and a hdf normd digribution for U, the method used for edimaing mean of
technical efficiency (Jondrow et al., 1982) for each farm isasfollows:
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du.dv f() I
E(yle) = *l— - e— (20)
de I-F () de

Where, Y; is scaar output of producer i, X; is a vector of N inputs used by
producer i, f(%, b) is the production frontier, and b is a vector of technology
parameters to be estimated.

We assume that in order to produce a single output, N inputs used are available
for each producer. Technicd efficiency is defined as a ratio of observed output to
maximum feesible output. The frontier output Y™ can either exceed or be less than
deterministic output ;, depending upon the values of random error V, as illudrated in

Figure 5.
Output, Y
Deterministic production
Frontier output |, — functionf (X;, b)
7 \ Frontier output
Y" if V<O
rx

Observed < Observed

output Y; output Y’
Inputs, X

©) xi Xj

Figure5 Stochadtic frontier production function (Battese, 1992)

3.5.3 Technical efficiency

Technical efficiency reflects the ability of a decisorrmaking unit to produce
maximum output given a set of inputs and technology. According to Farrdl (1957),
technicd efficiency is one component of economic efficiency where the latter is
defined as the product of technica efficiency and dlocative efficiency. In turn,
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dlocaive eficiency refers to ability to produce a given level of output usng cost

minimizing input ratios.

Many dudies have shown that a firm or an indusry could not fully obtain
technicd efficiency due to inadequate informaion, insufficient technicd skills ad
untimely input supply (Chinh, 2002). Estimates on extent of inefficiency can aso help
the policy makers decide whether to improve efficiency or develop new technologies
to raise agricultura productivity in case the indugtry isfully efficient.

To express technicd efficency, the bet way is to provide a functiona
characterization of the boundary of the grgph of production technology. Since the
boundary represents the maximum output that can be obtained from any given input
vector or the minimum input usage required to produce any given output vector, it
represents another sandard agangt which to measure technicd  efficiency  of
production. From the input-oriented aspect which uses two inputs (X; and X,) to
produce a sngle output (Y), under assumption of congtant returns to scale, the basic
model to measure efficiency is illustrated in Figure 6. The I.I' represents a unit
isoquant. Every point lies on this curve showing the combinations of two inputs used
to produce one unit of output, and usng less inputs than other points lying on the
northeast of I.I' to produce one unit of output. In other words, the curve I.I' denotes
the various combinations of inputs that the efficient firms might use to produce one
unit of output. The points lying to northeast of the I.I' curve are inefficient since they

use more resources than the points lying on this curve.

If a given firm uses quantities of inputs, defined by the point P, to produce a unit
of output, technica inefficiency of the firm could be presented by the distance QP,
which is the amount by which al inputs could be proportionaly reduced without any
reduction in output. This is often expressed in percentage terms by the ratio of QP/OP,
which represents the percentage by which dl inputs need to be reduced to achieve a
technicdly efficient production. Technica efficiency (TE) isthen measured as

TE = OQ/OP = 1-QP/OP. (12)
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The dlocative efficiency (or price efficiency) represents the ability of farmers to
achieve the maximum profit from the gpplication of conventiond inputs with a given
et of firm specific input and output prices and a given technology.

Since the distance, RQ represents the reduction in production costs that could
obtan a the dlocatively efficient point Q, instead of a the technicdly efficient but
dlocatively inefficient point Q. The BB' is a minimum isocodt line thet could produce
the 1.I' isoquant. The causes of dlcative inefficiency can be consdered as inadequate
information, different risk effects of inputs and capita, indtitutional condraints, and
interdependence of production and consumption (Song, 1997).

X2/Y| | P .
I.I" = isoquant
. BB’ =isocost or priceline
B P, Q, Q' =the combinations that
Q produce aunit of output
Q .
|
XY
o B

Figure6 Technical and alocative efficiencies (Farrdll, 1957)

Allocdtive efficency obtans if and only if the margind physicad product
(MPBy) of input X equas the ratio of input price to output price (P, /P). In Figure 6,
point Q is the dlocatively efficient point because at this point, the isoquant curve I.I’
tangents the isocost line BB'. According to economic theory, point Q is optima point
due to it's minimum cog.

The economic efficiency (EE) is defined as an overdl efficency of technicd
and dlocative efficiency (OQ/OP x OR/OQ =OR/OP). The firm using input
combination P is both technicdly and price effident. The firm usng input
combination Q is technicaly efficient but price inefficient. Only the firm which uses
input combination Q' is both technicaly price efficient.
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To understand the whole picture of the frontier production function, we can express
a full production surface via the graphica approach as shown in Figure 7 (based on Dall
and Orazem, 1978). Thus, many output levels can be found from the production function
surface. From a given level of output that is produced from the combinations of inputs

we can draw an isoquant by projecting those combinations on a plane.

Output levels

90-100
80-90
o 70-80
60-70
0 50-60
40-50
0 30-40
020-30
10-20
0-10

10
X1

Figure 7 Frontier production function surface

From the output-oriented aspect, in the case of single input and output, the basic
model used to measure efficiency is shown by the Figure 8. The curve Yy, g shows
the maximum posshble output that can be obtaned given a vector of inputs and
technology. All points lying bdow Yy e curve ae technicdly inefficient. All points
on Yye curve ae technicdly efficdent. If a famer utilizes levd X, of input and
atains level Y, of output in a technicdly efficient response but & this leve he has not
achieved dlocative efficiency yet. The other farmer uses level X3 of input and gains
levd Y, of output (point M). He achieves both technicd and dlocative efficiencies
snce M isthe optima point.
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Figure 8 Output- Oriented Productive Efficiency Measures

Notes: Yy e = maximum possble output
Y oLs = average output
Py = priceof input X
P, = price of output Y
(*) =actud outputs

Thus technicd efficiency is defined as the raio of output to the technicdly
maximum possible output given avector of inputs and technology.

Technicd efficiency: TE=Y3/Y
Allocativeefficiency: AE=Y,/Y;
Economic efficiency: EE=TEXAE = Y3/Y,



