CHAPTER VI

ANALYSES OF THE STOCHASTIC FRONTIER, DETERMINANTS OF
TECHNICAL INEFFICIENCY AND ALLOCATIVE EFFICIENCY

This is a pivotal chepter of this study. It focuses on evauating the empiricad
resllts of the dochadtic frontier production function estimation of litchi yidd,
technicd efficiency of the specific fams as wel as determining factors influencing
technicd ineffidency. Empiricd modes, =~ definition of variables and tets of
multicollinearity and heteroscedadticity were conducted prior to estimation of frontier
function and technicd inefficiency modd. In addition, andyses of input optimization
are aso presented in this section.

6.1 Empirical modelsand variables
6.1.1 Empirical model for the stochastic frontier production function

The empiricd modd to edimate the frontier production function of litchi yield
was congtructed in the Cobb-Douglas functiond form asfallows:

Y = bo TAGE? RBEARP2 DENS® LABP FER?S SPRAYP6 DL+ b802 gV - U (1)

or it can be written in thelog form for individua farm as

LnY; = by + byLn (TAGE;)+ b,Ln (IRBEAR)+b3LN(DENS) +b,LN(LAB))
+ bsLN(FERT;) +bgLN(SPRAY )+ b7Dy; + bgDy + Vi - U (13)
where,
Y| = litchi productivity of farm j (kg sao™)
TAGE = average litchi tree age (years)
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IRBEAR = proportion of irregular bearing (percent)

DENS = density of tree (trees sao?)

LAB = quartity of labor used in the production (mandays sao™)

FERT = cost of chemical fertilizer applied (,000 VND sao?)

SPRAY = cost of chemical spray (,000 VND sao?)

D, =dummy for production environment, taking vaue of 1 if farm islocated
in the old dluvial soil area, and O if it islocated in ferrditic soil area

D2 = dummy for manure gpplication, taking vaue of 1 if farm used liquid
manure, and 0O if not

j subscript denotes farm |

b; = coefficients of varigbles

Vi- 4y = erorterms, of which

Vj = two sided error terms representing random error of farmj

U = one sided-nonnegative error term, representing technicd inefficiency of farm

e = base of naturd logarithm (=2.7183)

Ln = naturd logarithm

1 sa0 = 360 m?

6.1.2 Empirical model for assessing determinants of technical inefficiency

Despite the main factors of production shown explicitly in the production
function, manegerid cgpability is somehow implicitly involved in the frontier
production function that relates to technica efficency (Paudyd, 1996). In redity,
managerid capability is not measurable; it is quite an important fector thet influences
efficent levels among the litchi famers. Even dl famers use the same technology
and same inputs, some famers can produce more than the others due to ther
managerid capability or human capitd.

In this sudy, farm-gpecific technica inefficiency was hypotheszed to be
influenced by age, number of years of litchi cultivation experience, educetion leve,
ethnic group and access to information via supervised credit program as specified by
the following regression modd:
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Tj=acg+a AGE +aETH +a FUjta £XP +asFIZE+adNFOCRE+g (14
where, | subscript denotesfarm j

Tl; = technicdl inefficiency of farm |

AGE = age of household head

ETH = 1if household head belongs to mgjority group (Kinh), and 0 otherwise

EDU = number of years attended in school of household head

EXP = number of yearsin litchi production experience of household head

FSIZE = farm size measured in sa0

INFOCRE = dummy for information, teking vaue of 1 if household had

access to information via supervised credit program, and O otherwise

e = &ror terms

Tljiscaculated from T of specific farmsi.e. Tl; = (1- TE)

6.1.3 Definition of variablesin the models

Y (Litchi productivity of farm)

This variable was sdected as the dependent variable. In the area, most of
cultivated litchis (90 percent) beong to one cultivar, namey "Thieu-Thanhhd', so the
litchi outputs can be consdered as a homogeneous one.  Litchi yidd of household was
cdculated by summing up fresh fruit weights harvested during the harvesting season
2002. In this study, Y was caculated in kilograms per sao of the productive litchi area
only but not for litchi planted area Commonly, litchi trees begin bearing fruit in the
third or forth year after growing, since al commercid litchi trees grown in the area

aeadr-layering trees.
LAB (Labor)
The gpplication of anima power to litchi land was very rare because

characterigtic of topography in the study area is dightly steepy. The litchi farmers dso
did not apply machines such as pruning machines or tractors to litchi cultivation.
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Labor sources employed to litchi orchards (only for the productive litchi area during a
crop of production) consisted of family labor and hired labor. The labors used for the
activities include bresking up the eath, weeding, pruning, fertilizing, irrigation,
goraying and harvesting. Therefore, this varidble was the summation of human Bbors
used for the activities and was expressed as the number of man-days employed per
sa0 (one man-day is equivdent to 8 hours working in a day). The pogtive effect of
labor on litchi productivity was expected in the modd.

FERT (Chemical fertilizer ap plication)

Litchi is a perennid crop, so it has characterigtics of long production cycle, very
environmentally sendtive crop, different needs of fertilizer by different tree ages,
hedth dtatus of each tree, etc. that are different from annua crop. In terms of fertilizer
aoplication, litchi farmers in the study area followed recommendations of applying the
mixed fertilizer formulas of N:P.K such as 5:7:6 or 5:10:3.

Although this variable could be separated into three variables under pure
amounts of nitrogen (N), phosphorus (P,Os) and potassium (K,0O), it was not done.
The reason is that most of respondents reported that they applied the mixed forms of
N:PK (5:7:6 and 5:10:3) to ther litchi orchards. Because of this, there were very high
correlaions among the separated factors of N, P and K that caused the problem of
multicallinearity. In the stochadtic frontier andyss, we have to ded with a tradeoff
between aggregating and omitting variadbles on the one hand, and multicollinearity on
the other hand. Once multicdlinesrity exidts it brings about large variances of
esimators and makes precise estimates difficult. Moreover, in redity some sdlected
farmers did not apply the mixed fertilizer as well as dl three kinds of single fertilizer
(N, P and K). This led to the loss of some observations since the Cobb- Douglas form
does not dlow any vaue of vaiables in the observetions to teke value of zero.
Alternatively, to ded with the problem of multicollinearity as wedl as the loss of
observations, those kinds of above chemicd fertilizer conggting of the mixed and
separated fertilizer were aggregated into one variable, namely FERT. This variable
was defined as totd expense of chemica fertilizer gpplied to the productive litchi
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areas during a cropping ®ason. It was measured in thousand VND per sao for each
sdected household. The average fertilizer prices in the maket were agpplied to
cdculate cost of fertilizer i.e. Urea (46 percent N) was 245 thousand VND kg,
Superphosphate Lamthao (18 percent PO, was 0.85 thousand VND kg% Kali
Sulfate (58 percent K>O) was 2.5 thousand VND kg* and the mixed forms of N: P K
(5:7:6 and 5:10:3) were 1.35 thousand VND kg* for every sample household in order
to avet influence of price variation. The prices of those kinds of fertilizer were
provided by the didrict officers as wel as fertilizer shopkeepers. Since fertilizer
prices in the study area during the crop year 2002 were quite stable, the fertilizer price
differences in payment by litchi farmers were negligible.

SPRAY (Chemical spray)

This variable was used to express tota amount of money tha farmer spent for
the purchase of chemicd to spray for productive litchi areas only. Chemicd sprays
were used for preventing and curing pests and diseases, and kegping young fruits out
of dropping. It was the summation of expenses per sao (thousand VND) of dl sprays
during a crop. The cdculation of spray cost for this variable was applied in the same
way of the fertilizer.

TAGE (Treeage)

Tree age was consdered as an important factor affecting litchi yied. Normdly,
bearing capability of the mature tree is higher than the young and the old ones
Regarding tree age and bearing capability of litchi, up to now there has been no
finding on litchi showing the life cycdle of fruiting. Reportedly by locd officers in the
sudy area, even 30-year-old litchi trees being well-cared were gill keeping an
increesing trend of fruit yidd. As mentioned in Chapter V, the fam average
productive tree age was about 9.26 years With the current age leves, litchi trees in
the area were considered as on going in the growth period and were expected to be
postively influencing litchi yidd.
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Average tree age was cdculated for each litchi farm using weighted average
(only for productive areas) by multiplying the number of productive trees for each
tree age group in the farm by the age of the group, then summing up them and findly
dividing by tota number of productive trees in the households. The minimum tree age
group that was consdered to be productive is 4 years and the maximum tree age

group was found to be 34 yearsin the surveyed farms.

S (Number of productive treesin age group j X Age of group j)

Averagetreeage =
(years) Tota number of treeof the farms (=4t034)

IRBEAR (Irregular bearing or alternative bearing)

Since irregular bearing or dternative bearing is a popular phenomenon of some
kinds of fruit tree, epecidly litchi. A tree is not often bearing every year and not fully
bearing, there may be a part of tree canopy bearing but not al. If previous year, a tree
was heavy bearing, this year it may not bear fruit. This variable was measured only
for the productive litchi areas of each household as percentage of the part of tree
canopy that was unbearing. This variable was expected to have a negative impact on
litchi yield, sgnifying that higher the proportion of irregular bearing lower the yield.

DENS (Treedensity)

Tree densty cdculated for each litchi farm is defined as the number of litchi
trees per sa0. The cultivation practices in the study area indicated that about 10 years
ago when litchi production was primarily developed, lots of the surveyed farmers
cultivated litchi with a thin gpacing due to the expengve prices of ar-layering. In
recent years, they have propagated by ar-layering by themsdves so new young trees
was added in the middle of mature trees to exploit land resource. However, awvareness
of appropriate tree dendty adjustment was very different among the surveyed farmers
that could cause the competition on nutrient and light among the trees. Therefore, this
vaidble was conddered as a factor affecting litchi yidd. The eguation applied to

caculate tree dendty isasfollows.



76

Litchi treedensty - _Totd litchi treesin the household , 360 n?
(trees sa0™) Totd area(m?)

Note: 1 sao = 360 n?

D1 (Soil structure)

Litchi does not require very specific soil type, dthough marked differences have
been observed between cultivars. It can grow under a wide variety of soils including
dluwvid soils loams heavy clays, organic soils, cdcareous soils and rock piles.
However, they prefer fresh and dluvid soils preferably containing a  sufficient
amount of organic matter essentia for vegetative growth in early years. Too much
organic matter, however, could be detrimenta to flowering in the adult phase (Sauco
and Menini, 1989). In the study area, litchis are being grown in two man soil types
(eg. od dluvid and ferditic soils), so it was assumed that litchis growing in the old
dluvid soil bear higher yidd as compared to those growing in ferditic soil. Hence soil
Structure was used as a dummy variable in the stochadtic frontier function.

D2 (Liquid manure)

In prectice, not dl of the surveyed fams applied farmyard manure to litchi
orchards except for the fams that raised lots of pigs Normdly, the famers who
rased lots of swine built the tanks to store their manure under the liquid form and
then watered this source to ther litchi orchards regularly. Amount of manure applied
to litchi orchard was very difficult to measure. For tha reason, the second dummy
vaiable (D2) was included in the stochastic frontier modd to denote for the farmers

who followed the method of watering liquid manure. These farmers were assumed to
get better litchi yield than the others who did not follow this method.

FSIZE (Farm size)

The fidd survey showed that farm sze among the sample varied greetly from 4

to 68 sao with an average of 20.56 sa0. Hence, this variable was employed to measure
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effect of the change in fam dze of each household on its technicd inefficiency. The
influence of fam dSze was assumed to be postive on technicd inefficiency of litchi
famers. It means that when farm Sze increeses it causes difficulties for farmers to
organize and to manage their orchards since lacks of labor and capitd. This variable
was measured in sao of the litchi planted area.

AGE (Age of household head)

The older farmer was expected to be better awvare of litchi cultivation than the
younger one. The survey indicated that the eder farmer had better ability of resource
management and utilization than the younger ones, even they worked very diligently
and caefully, snce dmog dl the household heads were in the age of working.
Hence, this varidble was employed in the modd to cepture effect of age of the
household head on technicd inefficiency. Therefore, it was expected to have a
negative impact on technicd ineffidency.

EDU (Education level of household head)

This varidble was measured as the years of schooling attainment of household
heads. He or she was the household head since he or she was a person who played a
pivotd role in the family and had power to make decisons. The education leve
reflects the abilities of household heads in resource utilization and adoption of new
scientific advances. It was assumed tha the higher education that a household head
hed the lower technicd inefficiency of litchi production he or she obtained.

EXP (Experience of household head in litchi production)

This variable was used to present the years that household heads experienced in
litchi cultivation. This criterion was used widdy to many empiricd researches relating
to production function and technicd efficiency and it showed that contribution of
farming experience is dgnificant to the increase in technicd efficiency of agriculturd
production. The experience of household head thus was included in the technica



78

inefficiency model and expected to have a negaive influence on technica
inefficiency of litchi production.

INFOCRE (Access to information via supervised credit program)

This variable was included in the modd to capture influences of access to
informetion via the supervised credit program by litchi farmers in the study area on
technicd inefficiency of litchi production. From the fidd survey, it was found thet the
litchi farmers who had the access got better understandings of litchi cultivation than the
others. They responded that they got the useful knowledge of litchi cultivation
techniques such as irrigation, pruning and training, fertilizing, and pest and diseese
control from the bank doaff via the materids tha they were introduced such as
“Experiences of Litchi Cultivation in Lucngan”, “Litchi Cultivetion Techniques in
Upland and Hill”, and as wdll as advertissments for new advances for litchi production
and the usage i.e. mixed fertilizer and chemical sprays when they came to the bank.

In prectice, the borrowers aso expressed that they were worried about the
amount of money they owed to the bank, so they were very concerned about the
efficiency of resource utilization with an expectation of achieving a bumper crop and
good litchi prices. Almogt dl the borrowers tried to access and learn about knowledge
of methods of fertilizer gpplication (i.e. amount and on timing of gpplication as well
as proper gpplication), irrigation, pruning techniques, ar-layering, etc. Hence, access
to credit included in the technica inefficiency modd served as a dummy varidble and
expected to have a negative influence on technica inefficiency of litchi farm.

ETH (Ethnic group)

Although litchi cultivation has a vey long higory in Vignam, it has redly
developed for about 10 years. Litchi was primarily planted in Lucngan didrict,
Bacgiang province by the Kinh people migraiing from Thanhha didrict, Haiduong
province in the 1960s. Nowadays, litchi affirms its pogtion in the loca economy and
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is widdy grown in the province not only by the Kinh people but adso by ethnic
minority groups such as Tay, Nung, Sandiu, Ceolan, etc. With regards to socid
context in litchi production, ethnic criterion was conddered as a factor affecting litchi
production in terms of human resource. Since Kinh group is the ethnic mgority, it
was consdered to have better awareness of litchi cultivation practices than the others.
Therefore, it was employed to the modd as a dummy variable, taking value of 1 for
the Kinh households and O otherwise.

6.2 Descriptive Statistics of the variables

The smple descriptive Satigics of mean, sandard deviaion (SD), maximum,
minimum and coefficient of variation (CV) of the variables incdluded in the stochagtic
frontier production function and technicd inefficiency moded are presented in Table 18.

Table 18 Descriptive atigtics of the variablesincluded in the stochastic frontier
function and technicd inefficiency modd

Vaidde Unit Mean D Minimum Maximum  CV (%)
Stochastic frontier model
Y kg sao! 392.71 170.38 107.14 833.33 4339
TAGE years 9.26 2.03 5.00 15.08 21.95
IRBEAR  percent 17.90 8.88 2.00 4000 4961
DENS treessao? 11.03 4.02 333 2000 3641
LAB mandays saot 13.47 8.19 4.20 40.50 60.80
FERT L000VND sa0o? 12970 84.07 8.25 409.12 64.82
SPR ,000 VND sao™ 3587 31.18 10.0 13500  86.92
D1 dummy 0.337 0.476 0.00 1.00 141.3
D2 dummy 0287 0.455 0.00 100 15854
Technical inefficiency model
AGE years 4316 10.24 21.00 73.00 23.72
ETH dummy 0575  0.497 0.00 100 86.43
EDU years 6.85 2.28 2.00 1000 3331
EXP years 14.47 5.05 5.00 3400 3486
FSIZE S0 2056 14.07 4.00 68.00 68.43
INFOCRE dummy 0525 0.502 0.00 100  95.62

Source: Survey and calculation, 2002
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It was found that, the factors that had high coefficents of vaiaion were fam
gze, labor, fertilizer, and soray with coefficients of variation (CV) of over 60 percent
(except for dummy variables). Especidly, CV of chemica spray was 87 percent.
Irregular bearing and litchi yield had medium CVs of about 49.6 and 43.4 percent,
respectively. Low coefficients of variation were found in tree age, tree densty,
educetion, experience and age of household heads, which were less than 36.4 percent.

Test of multicollinearity

Multicallinearity is a phenomenon that violates one of the assumptions of the
classcd linear regresson modd that is no corrdaion among the regressors included
in the regresson modd. In other words, each X variable included in the modd has a
separate or independent influence on dependent varigble, Y. If multicollinearity exigts
in the modd, it makes hard to get coefficient estimaes with smdl variance, and
causes t scores of one or more coefficients of regresson tend to be datigticaly
inggnificant (Gujarati, 1995). Therdfore, it is necessary to detect its existence in the
modd. The smple way to tet multicollinearity is to edtablish and to examine the
correlation matrix for the independent varigbles (Sriboonchitta, 1983). If some of the
parwise corrdaions among explanatory variables in the multiple regresson are high,
sy, in excess of 0.8. There is a posshility that some serious collinearity exist
(Gujarati, 1999). However, the author aso suggested that depending on the purpose of
the study that it can be accepted, even high collinearity the R square and estimators
are datidicdly sgnificant.

Data in Tables 19 and 20 showed the correlation matrices of the explanatory and
dependent variables in the models. It was found that correlation between the pairs of
explanatory variables were less than 0.5 in both the stochadtic frontier and technical
inefficiency but one corrdation of labor to irregular bearing (0.58). Since the
vaiables included in the modd play a criticd role and have a drictly theoretica
rddion in generding litchi yidd, the remedy for multicollinearity can be worse than
do nothing. In generd, correlations between the pairs the explanatory varidbles in the
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two models were acceptable, meaning that the explanatory variables in the modes

were congdered to be free from severe multicollinearity.

Table 19 Corrdation matrix for listed variables in the stochastic frontier modd

LnY  LnTAGE LnIRR LnDENSLnLAB LnFERT LnSPR D1 D2

LnY 1.00

LnTAGE .3640 1.00

LnIRR  -59%27  -.1729 1.00

LnDENS .3028 -.2206 -.2820 1.00

LnLAB  .7621 1818 -.5822 4973 100

LnFERT .5398 2668 -.3367 3144 4562 1.00

LnSPR  .5740 1866 -.2839 1196 4935 4741 1.00

D1 4514 3271 -.2885 1176 16410 2111 .3393 1.00

D2 .3893 2358 -.2180 0471 2460 1704 1539 2475 1.00
Source: Qurvey, 2002 and calculation by LIMDEP 7.0

Table20 Corrdation matrix for listed variablesin the technica inefficiency modd

Tl AGE ETH EDU EXP FSIZES INFOCRE
TI 1.0000
AGE -046513  1.0000
ETH -054177 37162  1.0000
EDU -0.10344 03329 .17138 1.0000
EXP -023935 44388 .35875 .04457 1.0000
FSIZES 0.66537  -.22749 -27081 .12812 -.10575 1.0000

INFOCRE -027581 -.07830 .04304 .32319 -.06464 .10780 1.0000

Source: Survey, 2002 and calculation by LIMDEP 7.0
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Test of heter oscedasticity

A classcd assumption of the linear regresson mode is that the disturbances y are
homoscedastic, meaning that they al have the same variance, d2. But in redity not dways
this assumption is fulfilled, if so the variances of Ui equd d;?, indicating thet it is varying
from observation to observation. Hence heteroscedadticity exists in the mode (Gujarati,
1999). If this occurs in the modd, then OLS estimators are no lorger BLUE (best linear
unbiased Estimator). Therefore, the ttests are not reliable; it can lead drawing mideading
conclusons

There are some methods of test for the existence of heteroscedaticity. In this
study, the BreuschPagan Godfrey test was applied because this one has been applied
popularly in many researches and the sample Sze of the study is large enough. Under
the support of LIMDEP 7.0 or follow the procedures of this test (see Gujarati 1995) to
come up with the value of ¢? = 12.164 with 8 degrees of freedom (see Appendix 5).
From the chi-square table for 8 degrees of freedom, the 10, 5 and 1 percent critica ¢?
vaues were found to be grester than the computed c? Thus the hypothess of
homoscedagtic variance in the modd is not rejected.

6.3 Estimation of thestochasticfrontier, technical efficiency scoresand deter minants
of technical inefficiency in litchi yield

The results presented in Table 21 of the maximumtlikeihood egtimates for dl
the parameters of the stochedtic frontier function and inefficiency mode, as defined
by Eq.(13) and Eq.(14), ae smultaneoudy obtained usng the program, FRONTIER
Verson 4.1c (Codli, 1996), which estimates the variance parameters asfollows:

d%=d%+d%

g=d%/d%
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Table 21 Egimates of the stochastic Cobb- Douglas frontier production function and
technical inefficiency modd for litchi yidd usng FRONTIER 4.1

Egtimator Coefficient t-ratio

Stochastic frontier model

Ln(CONSTANT) 5.03529 13.279™
Ln(TAGE) 0.23428 1.962"
Ln(IRBEAR) -0.09672 -2.549™"
Ln(DENS) -0.00564 -0.082"
Ln(LAB) 0.16432 2,520
Ln(FERT) 0.07056 2.123"7
LN(SPRAY) 0.04051 1.214"
D1(SOIL) 0.09299 1.720°
D2(MANURE) 0.11096 2.301"
Technical inefficiency model
Congtant 0.60770 3161
AGE -0.00973 -2.010™
ETH -0.17127 -2.081"
EDU -0.00198 -0.133™
EXP 0.00203 0.240"™
FSIZE 0.01215 4.753™
INFOCRE -0.19656 -2.818™
Sigmersquared (d% = d?,+ d?) 0.04234 3.836™"
Gamma(g= d%/ d’% 0.73706 2.831"
Log-likelihood 26.06659
R-squared (OLS) 0.76400
Adjusted R-squared (OLS) 0.73740
Mode test: Rg 71y (OLS) 23.73 (0%, =2.78)

Notes. *** ** * denote for 0.01, 0.05 and 0.10 levels of significance, respectively;
ns means na significant

6.3.1 Stochastic frontier production function

The edimation of the dtochadtic frontier production function for litchi yield of
the sdected farms representing for litchi farms in the province was done based upon
the cross sectional data gathered from the sample fams. The results presented in
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Table 21 indicated tha coefficients of the variables have correct signs. The factors
that hed datigicdly ggnificat effects on litchi productivity were tree age, irregular
bearing, labor used, fertilizer, regiond dummy, and dummy of liqud manure

irrigation.

The coefficient of variable tree age was Satidicaly sgnificat at 0.05 levd of
dgnificance and had vaue of 0234. This is an important factor that influenced
sgnificantly litchi praductivity of the litchi fams. It can be explained that an increase
in 1 percent of litchi tree age could lead to an increase in litchi productivity by 0.234
percent. From this result, one can make a prediction for the supply capacity of litchi in
the falowing season. Assuming that others factors are congtant, given the average tree
age of 9.26 years in 2002, for the following year the trees will increase one year old
more, 0 this will result in an increase in the productivity about 2.53 percent or
equivalent to an increase in litchi yidd (& mean leve) of 9.9 kg sao! (275 kg ha™)
(exduding yield of new productive trees). Assuming litchi yidd as a function of its
tree age, its current production is on the second stage of production function, since ts
margind physica product (MPP) is less than average physica product (APP). Given
this point, a fam planning can be made for the increase in input gpplications and for
the following year.

Irregular bearing was found to have a negdive and sgnificant influence a the
0.01 gaidicdly sgnificant leve on litchi yidd with a coeffident (or an dadiicity) of
-0.097. It means that on the average, an increase in one percent of the observed vaue
(17.9) of irregular bearing (ignore the measurement of this variable) could lead to a
decrease in litchi yield by 0.097 percent. Assuming that keeping other variables
condant, for the following season (2003) if the observed levd of irregular bearing
(17.9 percent) increases to, let say, 25 percent (the annua average level as estimated
by loca officers) or 40 percent as occurred in 2001, then the litchi yield will decrease
to 15 kg sao® (417 kg hal) or 47 kg sao™ (1,305 kg ha™®), respectively (a mean leve).
Thee predictions implied the condderable impact of this phenomenon on
peformance of litchi fames If fames ae informed &bout litchi cultivation
techniques they can prevent losses caused by irregular bearing via techniques such as
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pruning, training, on timing of irrigaion, and fetilizing to create symmetric tree
shapes and successful blossoming that can avoid the irregularity of weather condition.

Humean labor had a pogtive impact on litchi productivity a the 0.01 datidticaly
sgnificant level with a coefficient of 0.164. It can be interpreted that an increase in
one additional percent of labor could lead to an increases in litchi yidd by 0.164
percent. Consdering & mean leves, if farmer employs one more manday per seo of
the productive litchi orchard he or she will get 4.8 kg sao® more, assuming that other
factors are congant. In generd, farmers in the area used smple technology for litchi
production, to date human labor is manly used. This finding indicated that litchi
fams in the province could employ more labor for ther farms from their abundant
source if they want to enhance litchi yidd. However, when farmers need to hire more
labor due to lack of family labors, it is necessary to consider the wage of hired |abor
with its margind vadue of product. This issue will be discussed in the Section 6.4. In
recent years, litchi production has developed rapidly not only in the province but in
other provinces, so the price of litchi fruit had a very fast going down trend.

Coefficient of fertilizer gpplication with a vaue of 0.071 was dso found to be
postive in 9gn and daidicdly dgnificat & 0.05 levd of sgnificance. This tdls us
that total expense of chemical fertilizer spent for litchi orchards had a postive effect
on litchi yidd. If famers gpply one additiond percent of fertilizer expense with a
proper rate of mixed fertilizer could lead to an increase in output by 0.071 percent.
Keeping other factors constant and conddering & mean leve, an increase in one
additional thousand VND of fertilizer cost per sao could rase litchi yied by 0.215 kg
sao®. Latdy years, litchi farmers have been copping with the Stuation of low output
prices of litchi fruit, S0 they have to take into account of opportunity cost, whether they
should invest these resources more or not. Similarly to the way of explanation for labor
used, we need to congder the margina vaue of product of fertilizer and its price,
otherwise profit from litchi production of farmers will decrease. This issue is
discussed in the Section 6.4.
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Regarding the dendgty of litchi tree, from the results of MLE, it was found to
have a negdive effect but Satidicdly indgnificant on litchi yidd. This implies thet, a
negdive effect of this varigble on litchi yidd was negligible and competitions in the
population began happening. Current tree dendty of the surveyed farms is becoming
denser (11 trees sao! a average age of 9.26 years) because most of litchi trees now
are in the growth period, their canopies have a bigger trend. It will induce a decrease
in litchi output in the next crops if farmers do not have an gppropriate adjustment in
litchi tree dengity and tree canopy.

The findings showed that coefficient of chemica spray had a podtive sgn but
was not datidicdly sgnificant, meaning that effect of the input on litchi yidd was
negligible, snce famers used this input inefficdently. Results from the fidd survey
adso showed tha practice of chemica spray was very different among the households.
Lots of fams suffered from severe pests snce the diagnogics were not precise and
they had to spray not only for prevention but for curing. Expenses of chemicd spray
among the sample survey varied greetly with a large CV (87 percent). The maximum
use of this input per sao was nearly 135 times higher than the minimum one. The
number of sprays varied among the households even some farms had 8 sprays, while
some others had only 2-3 times of spray. This proved a shortage of technical
knowledge of pest and disease management of the litchi farmers.

The coeffident of environmentd dummy variable (D1) that reflects litchi
cultivation in different soil structures was the 0.1 gatigticaly sgnificant level and had
a vaue of 0.093. It can be explained that on the average, farmers cultivating litchi in
the dluvid soil aea had a yidd of 1.1 times (or 39 kg seol) higher than those
cultivating in the ferrditic soil area (keeping other factors congtant). This can be
explaned by the difference in soil qudity. Mogt of litchi trees in Bacgiang province
were cultivated in two basic soil types, ferrditic hills and old dluvid soil located on the
left bank of Lucnam river. In terms of qudity, ferrditic soil seems to be poorer in
nutrition than old dluvid soil.
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Codfficient of dummy varidble (D2) was the 0.01 datidicadly dgnificat leved
and had a vaue of 0.111, sgnifying that if other factors are kept congtant, the farmers
who raised lots of pigs and followed the method of watering liquid manure to litchi
trees, had a productivity of 1.117 times higher than those who did not follow this
method. This is equivalent to a difference of 46 kg sao! on the average. The findings
showed that farmers who followed this way regulaly had high litchi yied and
technical efficiency scores even when they applied low levels of chemicd fertilizer,
and this method can reduce land degradation.

The R-sgquare in OLS regresson was ddidicdly dgnificant a the 0.01
datidicdly sgnificant leve and had a vaue of 0.764, which implies that 76.4 percent
of totad variation in In of output can be explained by the In of variables existing in the
modd. The rest, 23.6 percent can be associated by the factors outside the model.

Esimaion of dochedic frontier function usng maximum likeihood esimation
(MLE) method differs from the ordinary least squares (OLS) by the incluson of error
teem, U If al firms produce fully efficiently, meening that firms have not any
percent of technicd inefficiency so one sided-none negative error component does not
exig (U= 0) but symmetric error term (Viy), the OLS yidds congstent estimates of dl
production frontier parameters.

However, if inefficdency is present (U>0), the OLS edtimation is bias for
conglant term, whereas the remaining parameters are dill consstent (Knittel, 2002).
Besides yidding unbiased edtimate of the intercept, stochadtic frontier anadyss hes at
least two advantages over OLS. Firs, stochastic frontier analysis alows one to obtain
edimaes of the mean levd of inefficiency present in the data OLS is incgpable of
this because a messurement of meen levd of inefficiency requires a consgent
esimate of the intercept as well as the distributiona properties of both the two-sided
eror teem and the "inefficiency” error term. Second, Stochedtic frontier anayss
dlows one to obtan edimates of the variance in inefficency, which would dlow

policy makersto measure the extent to which efficiency levels vary among firms.
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To invedtigate whether a stochastic frontier production function does exist or nat, it
is required by testing the significance of the g (gamma) parameter that the g= d?, /d%
measures the totd variation in output from the frontier which is attributed to technica
effidency. If the null hypothesis, that g eguas zero or effect of technicd inefficiency
is not satigticdly significant, is not rejected, this indicates that s ?, is zero. Hence that
the U; term should be removed from the modd, leaving a specification with parameters
that can be consgtently estimated using the OLS. It should be noted thet any likelihood
raio test datigic involving a null hypothess, which includes the redtriction thet g is
zero does not have a chi-square distribution because the redtriction defines a point on
the boundary of the parameter space (Codlli, 1996).

The results in Table 21 dso showed that the vaue of g for the stochastic frontier
modd was datidicdly different from zero a 0.01 levd of sgnificance (asymptotic t-
datisic = 2.83), implying that there exids a dgnificant difference between the two
(OLS and MLE) production function estimates. For that, the difference between
observed and frontier vaue was dominated by technica inefficiency. This proved that
the stochagtic frontier production function does exit so it dlows us to edimate
technica efficiencies for each specific fam. The g had a vadue of 0.737, which
implies that 73.7 percent of the discrepancies between the observed vaues of output
and the frontier outputs in the study area unexplained by the modd was due to
technicd ineffidencies. Hence, only 26.3 percent of totad variation in output was
attributed to random effects causing by the factors outside of the mode!.

The computed variance ratio parameter | = d/d, in the modd was 1.6743. The
| vaue was greater than unity indicated that the one-sided error (y) dominates the
symmetric error (v;). This implies that a grester part of the resdud variation in the
litchi yidld was associated with the variation in technicd ineffidency rather than with
measurement error, which was associated with uncontrolleble factors, related to the
production process.
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6.3.2 Determinants of technical inefficiency

The shortfal of redized output as mentioned ealier from the frontier is
primarily due to factors that were within the control of litchi farmers in the sample
survey that rdlate to managerid cgpability. Although, managerid cgpability is not
messurable, it is quite an important fector that influences efficient levels among the
litchi farmers. In this study, technical efficiency of the pecific farm was assumed to
be influenced by the characterisics of household head i.e age litchi cultivation
experience, education level, and ethnic group and access to information via the
supervised credit program, and fam dSze. The results of the estimates of the
explanatory variablesin the technical inefficiency modd were presented in Table 21.

The factors that had dgnificant impact on technicd inefficiency were found to
be age of household heed, ethnic characteridtic, credit access and fam dze The
negative codfident of an explanaiory vaidble implies tha inefficency leve
decreases as its absolute vaue increases, or it is equivalent to an increase in the
efficiency level. On the contrary, the postive ones show the pogtive influences on
technicd inefficiency.

The FSZE (fam sSze) had a podtive coefficient, sSgnifying that technica
efficiency decreases as fam gSze increases This can be explained by the limitation of
resources for the production process such as labor and capital that farmers had to face
when they expand their farm scale.

The dummy vaiable ETH (ethnic group) had a negeive impact on technicd
inefficiency, which implies that the famers who bdong to ethnic minority groups on
the average achieved lower technicd efficiency than those who are ethnic mgority (as
implied for Kinh people).

For the dummy variable INFOCRE (access to information via the credit
program), the result indicated that the farmers who had access to the credit program
obtained lower technicd inefficiency than the others who did not have access. This
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proved the role of the supervised credit program in assiging the knowledge of litchi
cultivation and introducing new scientific advancesto litchi growers.

The coefficient of varigble AGE (age of household head) was dHatidticaly
sgnificant and had a negative sign showing that elder household head obtained lower
technicd inefficiency scores than the younger one. Seemingly, this is a contrary to
theory but it can be explained. The reason is that aes of dmog dl the household
heads were in the working age. Mogtly, they were less than 50 years old, so the eder
ones are dill active, and have very rich farming experiences as well as resource
management capability, while the young farmers, who became the household head not
long, lack farm management experiences.

The effects of the two variables, EDU (education) and EXP (experience) were
not datidicaly dgnificant. It means that these two vaiables had negligible effects on
technicad inefficdency, even as the variable EXP (experience) had a wrong sgn. The
reason that can explain the inggnificance of the EDU is that this varigble had a smadl
CV. It means that the deviation of education level of the household heads was low. For
the EXP in the case of litchi famers, the years of litchi cultivation that they
experienced was patly attributed to litchi tree ages but not al because some
household heeds inherited litchi orchards from their parents or bought them from
other owners. The varidion in the years of the experience among the household heads
was dso smndl because litchi production has actudly developed in the area not long
(for about 10 years lately), thisled to itsinggnificant effect on technica inefficiency.

6.3.3 Evaluation of technical efficiency scores

The technical efficiency ratio, that is the ratio of actua to potentid output, was
cdculated for each of the 80 litchi fams in the survey dtes Figure 13 shows the
frequency didribution of production-unit-specific technica efficiency for each fam
gopeared in the sample. Predicted technicd efficiencies ranged from a minimum of
34.1 percent to a maximum of 955 percent with a mean value of being 74.7 percent
and a standard deviation of 16 percent. Although, 22.5 percent of the sampled farms
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that had very high efficiency scores that are 90 percent or greater, 17.5 percent of
those farms had very low technical efficiencies that are below 60 percent.

Technicd inefficiency meanwhile represents the degree of falure to produce te
maximum output from a given levd of inputs One percent technicd inefficiency
means that the litchi farmers could have produced one percent more output from
exiging levd of inputs Jondrow et al. (1982) used (1 -TEi) to predict the technicd
indficiency of the if" fim.

Following Jondrow et al. (1982), the technicd inefficiency for the litchi farmers
was computed and it ranged from between 4.49 (=1- 0.9551) and 65.89 percent (=1-
0.3411). This sgnifies that there exists an extent of 4.5 to 65.9 percent of potentia for
increasing output of the litchi farmers from the existing leve of ther resource used.
Therefore, there exigts a big potentid for expanson in the output by adopting the
technology of the bext-practiced litchi farmers incorporate with optima resource
alocation.

In this andyss the results showed that on average there is 23.27 percent (=1-
0.7473) technicd inefficiency in the sdected households. This means that actud litchi
output is 23.27 percent less than the maximum output, which can be achieved from
the exiding level of inputs used. In case, mean levels of technicd efficiencies show a
high degree of technica and management ability, Battese (1992) noted that very high
levels of technicd efficiencies indicated that increasing production would require new
innovations or a higher level of technology to be introduced.
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Houre 13 Frequency distribution of predicted technical efficiencies

For in-depth andyses, the meen difference of technicd efficiency is compaed
between groups of litchi farmers based upon criteria that were attributed to them such
as credit access, ethnic and farm sizes. Mean differences of technicd efficiency of the
famer groups were tested using t-test (Appendix 4). The results are presented in
Table 22.

With regads to human cegpitd, the famers beonging to ethnic minorities
obtained a mean vdue of technica efficiency of 64.7 percent that was significantly
lower than that of the ethnic mgority group (Kinh people) a 821 percent. The
findings showed that the farmers who had access to information via supervised credit
program, achieved mean vaue of technica efficiency (789 percent) that was
significantly higher than that of farmers without the access (70.1 percent).

Especidly, mean vaues of technical efficiency were various in tems of fam
gzes (land holding). The findings show thet, there had a decreasing trend in technical
efficiency as fam dzes increese. In this study, fam sze was dassfied into three
levds, smdl sze (<0.5 ha), medium size (0.5-1.0 ha) and large size (>1.0 ha) with the
obtained levels of technical efficiency were 86.1, 72.8 and 56.1 percent, respectively.
These differences were Satigticdly sgnificant a 0.01 leve of sgnificance.
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Table 22 Comparisons of mean difference of technica efficiency of each farm group

Access to informeation Etric™ Famszes
viacredit program (ha)
With Without Kinh Ethnic <0.5 051 >1 ha
Mean TE 78.9 70.1 82.1 64.7 86.1 72.8 56.1
% farms 525 47.5 57.5 42.5 41.2 375 21.3

Notes. *** denotesfor 1%, 5% levels of Sgnificance, respectively

6.4 Optimization of input utilization

Perhaps, profit maximization is the desred god of any firm. This objective does
not exclude the litchi famers in Vietnam. In terms of micro-economic theory, the
optima leve of input usage obtains a the point that margind vaue of product of an
input (MVPy) must be equa to its price (Py;). In other words, a this levd of input
use (X* in Fgure 14) the firm gets maximum profit. Therefore, once margind vaue
of product of an input remains greater than its price, producer gill get more benefit
(X' < X") if higher resources are available to employ more. On the contrary, he/she
oets loss of profit if employs the additionad units of input Xi further from the optima
levd of X" Of coursg, it is assumed that the relationship input-output followed the
Lav of Diminishing Returns to Scde and is consdered in the datic condition of
inputs and output prices.

$

Profit area

/////

Xi (input)
)(* AAVPN

Figure 14 Reationship between margina vaue of product and input price
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In the Cobb-Douglas function form, the coefficients estimated show the partid
eadicity of each input (E), it can be expressed as

% change in output dy/ry dY/ dX; MPPy;
E = = = =
% changeininput i dXi/ X; Y/ X; APPy

or, MPR = E .Y/ X,
0, MVPy= R.E.Y/X (15)

Given the estimates of the stochastic Cobb-Douglas frontier function incorporate
with usng the mean vdues of output, input levels and their prices, the margind
vaues of product with respect to the purchased inputs that had a datidticaly
dgnificant effect on litchi yidd (including labor and fertilizer) are computed based
upon Eq.(15). The results are Srown in Table 23.

Table 23 Optimd relationship of input utilization

Elagicity, Mean Mean  Output

Input . .
P E inputs  output  price, R,

MPR, VMP, UL \yppy
price, B

Fertilizer 0.071  129.70 392.7 34 0.254 0.731 100 0.731

Labor 0.164 1347 392.7 34 5.107 16.256 15.00 1.084

Notes. - (*) Since chemical fertilizer was measured in terms of value (MPP=: equals
MV Pryy), it price turns out to be unity.
- Price of Iabor and fertilizer were based on the average prices on the loca market.
- Price of labor was wage paid for hired labor by 15 thousand VND manday™.
- Price of litchi fruit was determined as the average litchi price (3.4 thousand VND
kg™) in harvesting season 2002, based on evaluation of local officers

A comparison between VMPyx and Py in Table 23 for each input indicated that
the VMP of fertilizer was smdler than its price, meaning that on the average, litchi
famers applied a fetilizer level that exceeded the optima point of dlocative
efficiency. VMP of fetilizer was 0.731, implying that an increese in one thousand
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VND of fetilizer application (at mean level) could lead to the loss of profit by 0.269
thousand VND. It is suggested that at the output price of 3.4 thousand VND kg,
fertilizer gpplication should be reduced. It could be applied more if and only if the
price of litchi is greater than 4.7 thousand VND kg! since a this price MVP of
fertilizer equasits price.

Regarding labor used, the margina value of product of labor was 16.26
thousand VND was higher than the wage price, 15.00 thousand VND. It means that a
the observed price of output, an increase in one additional manday of hired labor in
litchi farms (a mean leved) would raise litchi farmer profit by 1.256 thousand VND
more. Therefore, human labor should be employed more from hired labor or family
labor if avalable to take care of litchi orchards i.e. weeding, pruning, training and
fertilizing in order to enhance litchi yidd as well as farmer income.

For more detall, to investigate the actud leve of dlocetive efficiency obtained
by individud litchi farms, the ratios of MVR;/Px; were computed for the inputs i.e.
labor and fertilizer for each farm appeared in the sample survey based on actud leve
of those inputs used and output achieved by each farm (Appendices 6 and 7).
Didributions of the ratios computed for labor to fertilizer inputs are illugrated in
Figures 15 and 16, respectively.

The frequency digribution of MVP4/P4 raios for labor among the sample
fams was found to be highly concentrated around the optima vadue of 1.0 (meaning
tha MVP4 = Pg). Meanwhile, the distribution of these ratios of fertilizer seems to be
scattered from the optima point. This implies that dlocative efficiency of labor use
among the sample surveys was higher than the fertilizer use.

The results dso indicated that, 30 percent of the observed farms operating
aound the dlocative efficiency point of labor had the MVP,/P ratios fdling into
the range of 0.8 tol.2. Meanwhile, this figure of fertilizer application accounted for 21
percent. About 74 percent of the sdected farms overused fertilizer that caused the
decrease in their profits, Snce margind vaues of product of fertilizer of those fams
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were less than its price, while this figure of labor use was 32 percent. None of the
farm hed fully dlocative efficiency in terms of |abor and fertilizer utilization.
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Figure 15 Digribution of MVR 4/P, 4, ratio for labor use
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Figure 16 Didribution of MV Piy/Peg ratio for fertilizer use



