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Abstract

This paper focuses on technical efficiency measenémmainly on pure technical
efficiency, with an empirical study for the aquaarg-processing firms in Vietnam
in 2002. Two widely used models, i.e., data envedp analysis (as non-
parametric estimation) and stochastic frontier puoton function (as parametric

estimation with two-stage procedure), are empldgedhis purpose. Findings could
imply some policies for this sector. It is foundttthat pure technical efficiency of
Vietnam’s aquaculture-processing firms averaged uacb 40 to 60 percent.

Factorial effects were mainly from regional diffaces, external cost ratio, capital-
labor ratio, wage, and firm size. Ownership seemetto affect technical efficiency.
Additionally, the northern firms were more effidighan the southern ones, and
larger firms performed better than smaller ones
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1. Introduction

Efficiency has attracted many policy makers and ieogd economists because of its
important application in reality. Of course, itimpossible to measure “absolute” efficiency
because there are no common production functionthé“absolute” maximum output for any
specific firm while taking into account other firnfsarrell (1957) attempted to determine relative
efficiency, estimating the level of efficiency of specific firm by comparing it to the best-
practice firms. He also classified efficiency inteo types: allocative efficiency and technical
efficiency.

Figure 1 represents these two types of efficiendye technology is a neo-classical
production function with a property of constantures to scale In this Figure, IAI’ is an iso-
production curve with two inputs x1 and x2, and S budget constraint line with two fixed
prices of the inputs. Microeconomic theory teadhes$ producers will behave optimally at point
A, at which the substitution ratio is equal to tekative price between two inputs (Varian, 2002).

A firm at point B is able to use the minimum amoohinputs to produce a fixed amount
of output in IAI'. Now, suppose that this firm hessuse inputs at C in order to produce the same
output in IAI'. Therefore, this firm has used mamputs than firms at B to produce the same
output as B. Thus, OB/OC represents the technftialemcy of this firm. Additionally, firms at
B could reduce their total cost from the througbtRiget line to ASS’. Firms at A in comparison
with firms at B have higher allocative efficien@fthough firms at both points produce the same
output. The allocative efficiency of firms at B @D/OB. Overall efficiency is equal to the

! The assumption of constant returns to scale willdlaxed later.
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product of technical and allocative efficiency. this simple figure, the overall efficiency of
firms at C is equal to OD/OC (= (OB/OC) x (OD/OBIf)the level of a firm’s overall efficiency
is equal to 1, this firm should optimize its cuiréeachnology and minimize the total cost of

inputs.
Figure 1: Technical Efficiency and Allocative Efficiency
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Technical efficiency consists of two types: purehtgical efficiency and scale efficierfcy
Figure 2 plots six points as six firms: A, B, C,B,and F. In this figure, the production frontier
is the curve ACD. Points A, C, and D are on theatier while points B, E, and F are under the
frontier. Through-origin lines are for the propen§ constant returns to scale. Firms on the
frontier have a level of pure technical efficierafyl00%. The through-origin line intersects the
frontier at point C. Those firms that have theioguctions at point C are maximizing their
technical efficiencies at the same time as maximgizheir scale efficiencies: these firms reach

2 Some authors classify technical efficiency intaeptechnical efficiency, scale efficiency, and cestipn
efficiency.
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maximum pure technical efficiencies as well as emsonstant returns to scale. Points that lie on
both the production frontier and the through-oridine, in general, guarantee maximum
technical efficiencies.

One firm, however, may not reach both pure techreéficiency and scale efficiency.
Figure 2 shows that points A and D do not lie oa though-origin line, but do lie on the
production frontier. It can be understood that firlat points A and D do not achieve scale
efficiency but do achieve maximum pure technicdicifincy. Firms at points B and F reach
maximum scale efficiency because they have the sapue levels, x2 and x4, as firms C and D,
so maximum pure technical efficiency is guaranteed.

Later studies based on Farrell’s original ideasemhnical efficiency are extended to focus
mainly on the methods of estimation of productiondtions (or production technologies in other
words) and found an appropriate production techmol®oorsteen, 1961; Afriat, 1972; Aigner
et al, 1977; Meeusen and Broek, 1977; Greene, 1980Kamnabhakar, 1987). The production
frontier has been used popularly until now. Théedénce between the actual production level of
a firm and the frontier measures its technicalfioeincy. The frontier can be fixed or stochastic
and the estimation methodology can take a paracm@tmon-parametric approach

A parametric approach can be used to estimate augption function when the
specification of technology is given. The estimaf@dduction function is then used for all
observations in order to estimate the inefficientw firm in comparison with the best-practice
firms. Bauer (1990) argued that parametric estimationddcmoaintain statistical tests on
estimators. This approach has, however, a wealkt:pbie technology, which is assumed to be
known for all observations, is not always correapecified. This matter possibly results in
inconsistent estimators. A particular parametrichoé is stochastic parametric estimation, in
which the residuals from this estimation consistwd components: inefficiency and random
components.

Another approach is a non-parametric estimatiorichvis commonly known as the data
envelopment analysis (DEA), and it was developest iy Farrell (1957) with a deterministic
non-parametric frontier. Non-parametric estimataoes not decompose the residuals as the
stochastic parametric estimations. Llewelyn andlisiils (1996) therefore argued that non-
parametric estimations could estimate biased itieficy of firms. The advantages of this
approach are that specification of production tetbmy and the statistical distribution of
inefficiency residuals are not required (Seifordl arhrall, 1990). Additionally, DEA could be
applied for firms of multiple outputs and inputsE® is able also to decompose technical
efficiency into pure technical efficiency and scaféiciency. Recent studies focus on stochastic
DEA and analyzing growth of productivity under tB&A approach (Sengupta, 1990, 1999,
2002).

This paper applies both approaches, using stochfastitier production function (SFPF)
as the parametric approach and data envelopmenysendDEA) as the non-parametric
approach, for the aquaculture-processing firms iatnAm in 2002. Factorial effects to be
concerned are regions (nottand south), ownership (private and non-privatensy, wage,
capital-labor ratio, and external expenditure rgtidnich will be explained later). This paper
consists of six sections. Model development isciietent of Section 2. Section 3 will describe
data and variables for two models. The estimateilt® and factorial effects on technical
efficiency will be discussed in Section 4. Sectioimcludes some concluding remarks as well as
suggestions for further studies.

% The north contains all the firms located in thevimces from Thua Thien Hue to Lang Son.
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2. Model Specifications
2.1. Data Envelopment Analysis (DEA)

DEA contains two stages of development. The fitags uses DEA as a non-parametric
method of estimation in public sectors. The secsiade employs DEA in private sectors, which
have high competition (Sengupta, 2002). Lewelyn ®Witiams (1996) found that there were
two approaches to DEA in production function anialyZhe first one was based on such studies
as Afriat (1972), Hanoch and Rothschild (1972), afadian (1984), while the second one was
from Farrell (1957) and then extended by Fetral. (1985). The latter approach will be used in
this paper.

Suppose that there areinputs X, m outputsY, andk firms withX =(x, %,...,% )0 R

and Y =(Y, %,..., ¥,)O R. The set described below is the set of all inputd autputs that
should be feasible for firms:

T={(xYyY:yS Yz XE x2Z R, Q)

wherez stands for intensiveness of firmgiven (x,y). T in (1) can represent the maximum
output that a firm can have. For firimpure technical efficiency can be solutions to:

6 (x,%)=maqé:(x 4y)DT}, )

where 8y, is the maximum output that firimcan reach. 1¥9 is equal to 1, the firm has technical

efficiency at 100 percent. I8 is greater than 1, firm is inefficient. The solutions to the
following linear equation system are used to caltulevels of technical efficiency of the firms
in the sample:

Max(6) subject to:gy;; <y,z+ y,3+..+ y 2z, whergj=1,2,...m
X4t X5t t X gs X
X0t X Bt % gS % 3

XnZ+ X%, 2t % 2<%, EL2,...1

However, technical efficiency consists of pure tachl efficiency and allocative
efficiency. To extract pure technical efficiencye wadd an additional condition that the sum of
all the insensitiveness levels is equal to one. Si€& in (1) becomes:

T'={(xy): ysYz X2 x2 R z1. (4)

i=1
As a result, pure technical efficiency will be faliby solving:
A (%, %) =maxiA:(x,4 y)O Tt (5)
Rewrite (5),A(x, ¥ ) will be the solutions to the following linear eqioat system:

Max(A ) subjecttody,; <y,z+ Yy,2+..+ ¥ z wherej=1,2,...m

X4t X5t X gs X
Xnlt Xpo Bt X g % (6)
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XnZ+ %, 2+ % 2< X, FL2,...,1
z+z+.+7=1

Using & (x, ¥),A (X, y)as the solutions to (3) and (6), scale efficienay be calculated
as:

P ¥)=A (%, y)IE (X ). 7

A firm may be at constant returns to scale, indrepeturns to scale, decreasing returns to
scale. To find the scale property of firms, theTsit (4) should be transformed as:

T*={(x y: y< Yz X& x@ R L. )

i=1
The sefl* in (8) can be used for firms that are at decr@pssturns to scale. Similar procedures
to (5) and (6) are then applied to find pure tecahefficiency and scale efficiency.
2.2. Stochastic Frontier Production Function (SFPF)

Another method of estimation of the production fiime is parametric estimation given a
specification of production technoldbyThis type of estimation was discussed fully inulen
and Dau (2005). Therefore, we hereby only sketdtrsome important ideas within this method,
which will be applied in this paper. One note iatthguyen and Dau (2005) applied one-stage
estimation to get technical efficiency with variakturns to scale (or pure technical efficiency
in DEA terms). Because two-stage estimation is useBEA, this paper will use two-stage
estimation to determine the production frontierd &men decomposition of factorial effects will
be estimated.

SupposeX; (%,, X,,..-, % )is the input vector of firm, andY; is the single output of firm
The production functioffi(.)is neo-classical, and (.) satisfies

of () _ .0°f()
f()>0; W > 0; 32 <O. 9

The real output is then represented through armmestd production function, an
inefficiency residual, and a stochastic residule Tollowing estimation form is widely used:

Y= f(X)exp(- Y+ ). (10)

In equation (10),V, and U, are estimated and assumed to follow some particula
probability distributionsU, is stochastically and assumed normally distributéds firm-level

inefficiency, and it is always non-negatiwé. is supposed to follow such special distributioss a

half-normal distribution and positively truncatedbrmal distribution at zero. Technical
efficiency of firms is then calculated by:

ML CIL-CL'AAY)) IOV wn

F(X) f(X) exp(V)
Equation (11) can be rewritten as follows:

* Actually, there is no specific technology for ialtlustries. It is difficult to find the correct teology for any
sector. All studies commonly apply some basic tetgies, such as Cobb-Douglas, constant elastafity
substitution (CES), and translog.
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In(¥) =In(f(X))=-V. (12)

The remaining problem is how to set up a suitapkdication of production function. In
this paper, we use a specification of translog fdeaquation (12) can be rewritten as follows:

nY = anx+ Fnx)7+ y0nx)h(0-V+ . (13)

In this equation, we also assume thiatis normally distributed with mean zero, avdis
truncated non-negatively normally distributed abze

2.3. Decomposition of the Factorial Effects

The estimated technical efficiencies derived frol8ADand SFPF are then analysed on
socio-economic factors.

TE=R(#+ ¢5), (14)

whereTE is estimated technical efficiencg, represents the socio-economic factors that affect
efficiency, oand ; are coefficients to be estimated, and R is aqdat type of estimation.

Note thatTE in equation (14) is equal tb/& from equations (2) and (3) for the DEA
model, and is equal tt/exp(V) in equation (11) for the SFPF model. Regressiothénlater

equation (16) is possibly ordinary least square§PlHowever,TE is in the rangEO;]], which

violates one of the assumptions of OLS, and thusitTregression is often used as in equation
(16) (Green, 2003).

Socio-economic factors include geographical andusiral features (Aigner and Chu,
1968; Timmer, 1971; and Algt al, 1990), firm size (Wu, Devadoss, and Lu, 2003jn8a-
Jimenez, 2008) ownership (Nguyen Thang, 2000), managerial strecof firms, such as age of
workers, education, management policy, capitakstine, and capital-labor ratio, and transitions
in economic policies of a nation and a region (&yst978).

The procedure to decompose factorial effects ohnieal efficiency described above is
called a two-stage procedure. Kumbhalkaral. (1991) criticized this procedure due to the
possibility of biased estimators in the decompositstage because the second stage contained
some variables also contained in the first staffalirajan (1991), however, reasonably stated
that this procedure was acceptable because ecovamdbles always interacted with each other
in every period of production and affected techingficiency directly or indirectly.

3.  Descriptions of Data and Variables

The sample in this paper contains 135 aquaculttoeeggsing firms in Vietnam in 2002.
The output,VA is the total value-added of a firm (in VND millip Two inputs are net capital
(K), which is measured in VND million, and total nuenlof workers I().

® This specification is the second order Taylor egian of the production function around X=(0). The
translog production function covers Cobb-Doulasdpadion function form and approximates to CES
Eroduction function form.

These studies use different units as measurenidirrosize. These units may be in humber of wosker
cultivated areas, total revenue, and total capital.
" Concerning one-stage procedure in estimating teahefficiency and factorial effects in SFPF, Ngnyand
Dau (2005) applied the model set up by BatteseGoelli (1995). They also carried out some staéstiests
for a one-stage procedure.
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Table 1. Summary of Inputs and Output

Variable Numbq of Mean Standard Min Max
Observations Deviation

VA 135 16,945.73 29,965.24 49 163,901

K 135 41,862.97 76,515.35 250 620,680

L 135 466.7778 636.7215 5 3,589

Source: Authors’ estimates

Table 1 shows that there was a big gap in firmputa and output. Some firms were
relatively small, while others were big. Using adofies in Table 1, equation (13) becomes:

INVA = A+a, In K +aIn L+a, In KIn L+a ,(n K)?+q,(n P)?-V+U.  (15)

Variables in factorial effect decomposition are summnized in Table 2. We also see that
there was a big gap within each variable. It issgge that these variables could explain well the

difference in firms’ technical efficiency.

Table 2: Summary of Factorial Effect Variables

Variable Numbq of Mean Standgrd Min Max
Observations Deviation

I 135 466.7778 636.7215 5 3,589

12 135 620,292.7 1,596,141 25 1.29E+p7

k2l 135 102.8663 102.2255 3.252854 590.1

k212 135 20,954.11 51,765.21 10.58106 348,218

tytrong 135 0.048035 0.072330¢ 0 0.6592191

ktk 135 0.5684079 0.322498 0.03946(32.228128

ktk2 135 0.4263227 0.39615272 0.0015972.508297

wil 135 9.837134 5.340089 1.207921 38.385

Dopwil 135 4.346501 6.480672 0 38.385%

Dop 135 0.4444444  0.4987547 0 1

D4 135 0.4074074 0.4931818 0 1

D, . a regional dummy variable, is equal 1 if firmsi located in the south (including all the

provinces from Thua Thien Hue to the south), &llis equal to O otherwise. In the sample, there
are 55 firms of the south, accounting for 40.7%hefsample.

Dop,i’ an ownership dummy variable, is equal to 1 inirare privatt and zero otherwise. There
are 60 private firms, accounting for 44.4% of taeple.

Firm size {;) is the average number of workers of firm i.

Firm i's capital structure ktk ) is equal to the ratio of total equity to totalpital’.

Capital-labor ratio (k2. ) is equal to total capital divided by total worker

External cost ratio (tytrong) is equal to coststtaae not involved in production process divided by
total cost.

Per capital income (wl) is the average wage thataaker is paid annually.

Dypwi is @ variable of cross-section effect betwday ; and wi.

Three variables 12, k212, and ktk2 are |, k2, atll squared respectively (Kim [2003] and Gumbaueftb

[2000] argued that capital-labor ratio, capital stcture, and firm size might affect technical effimy
quadratically).

Source: Authors’ estimates

8 Firms are private if their private share in temhgquity is more than 50 percent.
? ktk should not be less than zero, but this variable beagreater than one if firms lend capital to cghe
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4. Estimated Results and Analysis *°
4.1. Estimates from DEA and SFPF

It should be a common understanding that techmifediency in SFPF is not involved in
firms’ returns to scale. It is reasonable to artha technical efficiency in SFPF is equivalent to
pure technical efficiency in DEA. Therefore, we camly compare pure technical efficiency of
the two models. Table 3 contains the first genessililts of the models. Pure technical efficiency
in terms of regions and ownership types are reptedein Table 4. The detailed results for each
firm’s technical efficiency are in the Appendix.

Table 3: General Results of Technical Efficiency

Typeof Efficiency | Obs. | Mean | Standard Deviation | Min | Max
DEA model

vrste 135 0.412 0.277 0.0115 1.000

scale 135 0.499 0.229 0.050  1.000

crste 135 0.186 0.157 0.00f  1.000
SFPF model

tesfpf 135 | 0.676 | 0.127 | 0133 0.893

vrste Pure technical efficiency in DEA model

scale Scale efficiency in DEA model

crste Overall technical efficiency in DEA model

tesfpf Pure technical efficiency in SFPF model

Source: Authors’ estimates

Pure technical efficiency scores derived from tlve models are rather different. SFPF
estimates an average pure technical efficiency’d fercent, which is 26.4 percent greater than
the results from DEA (at 41.2 percent). The ranfjpuse technical efficiency in DEA is much
larger than that in SFPF ([0.015; 1.000] vs. [0;13893]). This means that SFPF seems to be
better than DEA at correcting stochastic variatiamsong firms. Intuitively, Graph 1 and Graph
2 in Figure 3 show that the frequency distributadfnpure technical efficiency resulting from
SFPF is more central than that from DEA.

Figure 3: Technical Efficiency Distribution

19 SFPF will be estimated by Stata Version 8.2, onfier Version 4.1. DEA will be estimated by DEARRX
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Graph 1. Density of Purely Technical Efficiency in SFPF
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Graph 2. Density of Purely Technical Efficiency in DEA
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Note: rs: returns to scale; irs: increasing returtesscale; drs: decreasing returns to scale; ang: @onstant
returns to scale.

Source: Authors’ estimates

Table 4: Pure Technical Efficiency in Terms of Regions and Ownership

Group Model | Obs. Mean Min Max

DEA 28 0.438 0.072 1.000
SFPF 28 0.665 0.385 0.846
DEA 32 0.317 0.015 1.000
SFPF 32 0.669 0.186 0.844
DEA 27 0.547 0.132 1.000
SFPF 27 0.727 0.492 0.893
DEA 48 0.386 0.024 1.000
SFPF 48 0.658 0.133 0.838

A: Southern and private

B: Non-southern and private

C: Southern and non-private

D: Non-southern and non-private

37



Source: Authors’ estimates

In terms of regions and ownership type, both DEA S8fRPF confirmed that pure technical
efficiency for the southern and non-private firmeres highest. Table 4 also gives us a precise
result of technical efficiency ranking as follows:

DEA: B<D< A<C
SFPF:D OAOB< C (Groups D, A, and B are close, around 1% différent

It is obvious that, except regarding the firms iro@ C, the two models give different
estimated results.

Note that, in addition to estimating technical @incy with variable returns to scale, DEA
also can estimate overall technical efficiency acale efficiencl*. SFPF, however, can estimate
only pure technical efficiency (or technical eféiocy with variable returns to scale). In order to
compare the results from two models, overall tezdingfficiency and scale efficiency are not
analyzed in these empirical results.

4.2. Factorial Effects on Pure Technical Efficiency

Using Tobit regression for equation (14) and faetceffects in Table 2, Tobit regression
will be:

TE = R¢" +¢,| +4,12 +¢:k2] +¢,k212 + ¢ fytrong +
KK + @ kt2, + Wit §3 D +810D +0 1,05 +6)

Tables 5 and 6 contain the results of Tobit redgpesis equation (16) for DEA and SFPF,
respectively.

Table 5: Factorial Effects on Pure Technical Efficiency, DEA Model

(16)

Log likelihood = -26.580641 Number of Obs. = 135
Pseudo R2 = 0.3832 LR chi2(11) = 33.08
vrste Coef. | Std. Err P>t [90% Conf. Interval]
I 0.0001 | 0.0001 0.5660 -0.000L  0.0003
12 0.0000| 0.0000 0.8860 0.0000 0.0000
k2l -0.0021| 0.0007 0.0030 -0.0032  -0.0009
k212 0.0000| 0.0000 0.0010 0.000p 0.0000
tytrong -0.7189| 0.3621 0.0490 -1.3191  -0.1188
ktk -0.6403| 0.3393 0.0620 -1.2027  -0.0779
ktk2 0.5422| 0.2718 0.0480 0.0918 0.9926
wl 0.0146 | 0.0080 0.0690 0.0014 0.0278
Dop -0.0650 0.1112 0.5600 -0.2493  0.1193
Dopwl 0.0010| 0.0095 0.9190 -0.0148  0.0168
D4 0.1292| 0.0534 0.0170 0.040p 0.2177
_cons 0.5054| 0.1253 0.0000 0.2977 0.7130
se 0.2641| 0.0173 (Ancillary parameter)

Source: Authors’ estimates
Table 6. Factorial Effects on Pure Technical Efficiency, SFPF Model

Log likelihood = 96.419693 Number of Obs.= 135
Pseudo R2 =-0.1832 LR chi2(11) = 29.85
tesfpf Coef.| Std. Err. P>t [90% Conf. Interval]
I -0.0001 0.0000 0.0330 -0.000[2 0.0000

' An empirical analysis of these two types of techhefficiency can be found in Nguyen and Vu (2004)
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12 0.000Q 0.0000 0.0710 0.0000 0.0000
k2l -0.0008 0.0003 0.0040 -0.0013  -0.0004
k212 0.000Q 0.0000 0.0080 0.0000 0.0000
tytrong -0.369380.1548 0.0190 -0.6258  -0.1128
ktk -0.1066 0.1460 0.4670 -0.3485  0.1353
ktk2 0.0373 0.1168 0.7500 -0.1562  0.2309
wi 0.0129 0.0034 0.0000 0.0073 0.0186
Dop 0.0316 0.0474 0.5070 -0.0470  0.1102
Dopwl -0.00540.0040 0.1810 -0.0121  0.0013
D4 0.0313 0.0230 0.1750 -0.0068  0.0694
_cons 0.69260.0540 0.0000 0.6032 0.7820
se 0.11430.0070 (Ancillary parameter)

Source: Autﬁors’ estimates

At significance level of 10%, socio-economic vated) which could affect technical
efficiency, are capital-labor ratio, wage, exteroast ratio, capital structure, and region. Table 5
provides some implications. Firstly, pure techniefficiency was not affected by ownership
types. Secondly, regions strongly affected techratfeciency. These results could be explained
by availability of inputs due to region. Thirdlyirth size was not related to pure technical
efficiency. This means that firms’ number of worketid not make pure technical efficiency
divergent. Fourthly, capital-labor ratio was quaidedly related to efficiency. The signs prove
such relation to be convex, which differs from mcempirical studies that held this relation
should be concave (making an optimal level of eaétbor ratio}>. Lastly, higher average
wages (which imply higher quality of labor) werermdated with higher pure technical
efficiency scores. Productivity, quality of laband pure technical efficiency were found to be
positively related.

Tobit regression for SFPF gives almost the samatees terms of effect directions (the
signs of coefficients). However, there are soméebhces between Tables 5 and 6. The first
different point is that capital-labor ratio is neignificant in the SFPF model, while it is
significant in the DEA model. The second differpotnt is that firm size in the SFPF model was
related to technical efficiency in the study peribdt it did not affect pure technical efficieney i
the DEA model.

5.  Concluding Remarks and Suggestions for Further S tudies

Our parametric and non-parametric analysis of theaeulture-processing firms in
Vietnam in 2002 led to several findings. Pure téchnefficiency was found to be low; it was
just around 41.2 percent in the data envelopmeaiiysis (DEA) model, and 67.6 percent in the
stochastic frontier production function (SFPF) mlodewnership did not seem to have a
significant impact on technical efficiency. Howeyvérshould be noted that the southern non-
private firms were the most efficient. This impliaspossibility that recent privatization and
equitization policies have not increased techneféitiency in Vietnam (although more data
should be provided to support this conclusion). ldantesource development policies and
increasing labor quality were very important fastor improving efficiency. Capital-labor ratio
was positively related to technical efficiency. feasing the capital-labor ratio should be
considered intensively to increase productivity aathpetitiveness for these firms.

Although our study could provide the above impiicas, we acknowledge that the DEA
and SFPF models and Tobit regression in Equati@) ¢buld not take all socio-economic

12 A convex relation implies that there is the wdestel of capital-labor ratio, at which firms shouidt be,
since this level would minimize pure technical @éncy, holding other things equal.
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factors into account. Some missing variables shbaldorrected in later studies to achieve better
results. Additionally, the demand side should a@soconsidered. Regional differences would
have been more precise if prices differences amegions had been adjusted. Finally, this paper
did not provide a complete comparison in all indicé technical efficiency; it focused only on
pure technical efficiency.
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APPENDIX
Estimated Efficiency Scores from DEA and SFPF

SFPF DEA SFPF DEA SFPF DEA
Obs. | tesfpf | vrste | scale| crste] rs| Obs.| tesfpf | vrste | scale| crste|] rs| Obs.| tesfpf | vrste | scale| crste|] rs
1 0.488| 0.605 0.05Y 0.034 ifs 46 0.771 0.268 0)608163| drs| 91| 0.744 1 0.619 0.619 drs
2 0.259| 0.015 0.934 0.014 drs 4Ff 0.729 0.276 0)60286| drs| 92 0.27| 0.060 0.557 0.0B4 drs
3 0.472| 0.438 0.112 0.049 irs 48 0.723 0.217 0.4D703| drs| 93 074 0522 0314 0.1b4 dirs
4 0.602 1 0.05| 0.0§5 ir 49 0.747 0.442 0.983 0.43% | 94 | 0.716] 0.334 0.43p 0.146 drs
5 0.588| 0.897 0.058 0.052 ifs 50 0.886 0.404 0.005381| drs| 95| 0.714 0.453 0.306 0.138 drs
6 0.55 1 0.121] 0.121 irs 51 0.734 0.299 0.501 Olldys| 96 | 0.708] 0.362 0.323 0.117 drs
7 0.186| 0.01 0.678 0.011 drs 5 0.813 L 0.895 50|88s | 97 | 0.731] 0.85] 0.48p 0.412 drs
8 0.713 1 0.159 0.159 irs 53 0.7{7 0453 0.746 &38rs| 98 | 0.733] 0.681 0.348 0.287 drs
9 0.559| 0.072 0.85% 0.062 ifs 54 0.7/7 0.404 0.5836| drs| 99| 0.689 0.378 0.281 0.106 drs
10 | 0.555| 0.04§ 0.906 0.043 drs 55 0.618 0.293 0{50448| drs| 100/ 0.69% 0.372 0.2Y7 0.103 drs
11 | 0.748]| 0564 0.325 0.183 ifs 56 0.6R7 0.153 0/50088| drs| 101] 0.741 0.503 0.296 0.149 drs
12 | 0.589| 0.095 0.922 0.088 ifs 5F 0.5R2 0.143 0.3B047| drs| 102| 0.749 1 0.586 0.586 drs
13 | 0.665| 0.082 0.971 0.08 ijs 58 0.682 0.309 0.40729| drs| 103] 0.71] 0.375 0.339 0.127 drs
14 | 0.712 1 0.229 0.22F irs  5¢ 0.644 0.306 0.63293|1drs| 104| 0.632 0.315 0.263 0.083 drs
15 | 0.544| 0.182 0.862 0.157 s 6D 0.6p4 0.233 0/593138| drs| 105 0.712 0.496 0.282 0.14 drs
16 | 0.704| 0.21§ 0.698 0.15 ifs 61 0.844 0.555 O0.[75¥42 | drs| 106| 0.492 0.132 0.362 0.048 drs
17 | 0.712| 0.127 0.945 0.12 ifs 62 0.712 0.318 0}381210| drs| 107| 0.583 0.231 0.595 0.138 drs
18 | 0.563| 0.08§ 0.65 0.055 drs 6B 0.796 0.443 0{48793| drs| 108 0.789 0.866 0.295 0.256 drs
19 | 0.624| 008 0.69 0.059 drs 64 0539 0.238 0/36D86| drs| 109] 0.712 0.457 0.353 0.161 drs
20 | 0.643| 0.105 0.909 0.095 drs 65 0.672 0j37 0J46368| drs| 110 0.77% 0.62 0375 0.232 drs
21 | 0.577| 0.097 0.788 0.076 drs 66 0.893 L n 1 crdl [10.789| 0.92§ 0.506 0.469 drs
22 | 0.563| 0.08| 0.565 0.045 drs 67 0.483 0.131 0Jj20D38| drs| 112| 0.84] 1 0.537 0.587 drs
23 0.78 | 0.437 0541 0.236 ifs 68 0.547 0.168 0.304051| drs| 113| 0.712 0479 0.26 0.125 drs
24 | 0.592| 0.099 0.598 0.088 drs 69 0.435 0.127 0{28®36| drs| 114 0.724 0.5%5 0.266 0.147 drs
25 | 0.568| 0.137 0.92y 0.127 drs 70 0.838 0.534 066242 | drs| 115 0.671 0.425 0.2%56 0.109 drs
26 | 0.591| 0.124 0.835 0.103 drs 71 0.814 0.f17 0j46332| drs| 116 0.593 0.223 0.385 0.075 (drs
27 | 0.635| 0.123 0.556 0.068 drs 7P 0.67 0.836 0f3@7n17| drs| 117 0.776 0.748 0.2Y2 0.203 drs
28 | 0.133] 0.024 0.3| 0.007 dfs 73 0.6P3 0.8304 0/566720 drs| 118| 0.797 0.761 0.344 0.262 drs
29 | 0.756| 0.167 0.758 0.126 drs 74 0.658 0.p41 0|38H81| drs| 119 0.784 0.722 0.3y7 0.273 fdrs
30 | 0.558| 0.093 0.662 0.0682 drs 76 0.757 0.525 0|384202| drs| 120, 0.659 0.262 0.401 0.105 drs
31 | 0.795| 0.314 0.89Y 0.282 ifs 76 0.765 0.632 04PL68| drs| 121) 0.718 0.451 0.609 0.275 drs
32 | 0.525| 0.083 0.58Y 0.049 drs 77 0.663 0.366 0{36128| drs| 122 0.684 0.338 0.321 0.108 drs
33 | 0.656| 0.144 0.735 0.107 drs 78 05999 0.269 0{32088| drs| 123 0.787 0.847 0.316 0.267 (drs
34 | 0.811] 0.313 0.948 0.295 its 7D 0.766 0.493 0/3BA77| drs| 124 0.811 1 0.3 037 drs
35 | 0.671] 0.18§ 0.638 0.12 drs 8P 0.702 0.448 0/36161| drs| 125/ 0.766 0.448 0.528 0.237 drs
36 | 0.701| 0.28§ 0.988 0.283 ifs 8L 0584 019 0B0DP59| drs| 126/ 0.717 0.442 0.334 0.147 drs
37 0.65| 0.156 0.466 0.073 drs 82 0.722 0.628 0/4@281| drs| 127| 0.727 0.38 0.45%2 0.172 drs
38 | 0.705| 0.21] 0.635 0.134 drs 83 0.824 0.p97 0609424 | drs| 128 0.593 0.461 0.566 0.261 drs
39 0.73 | 0.214 0.6083 0.129 drs 84 0.579 0.213 0J28806 | drs| 129| 0.804 1 0.282 0.282 drs
40 | 0.385| 0.075 0.335 0.025 drs 85 0.724 0.437 0/32342| drs| 130, 0.803 0.698 0.394 0.275 drs
41 0.64 | 0.134 0598 0.08 drs 86 0.67 0.351 0317110, drs| 131] 0.83] 0.888 0.599 0.5B2 drs
42 | 0.777| 0.272 0.716 0.195 drs 87 0.67 0.891 0/3@A28| drs| 132 0.757 0.565 0.316 0.179 drs
43 | 0.846| 050 0.84 0421 s 88 0.741 0.359 0454163| drs| 133 0.779 0.74 0.329 0.243 drs
44 | 0.823| 0.527 0.855 0.446 irs 8D 0.562 0.217 0,269059| drs| 134 0.806 0.788 0.483 0.342 drs
45 0.71| 021§ 05| 0.109 drs 90 0.703 0.329 0.86312 Q.drs| 135| 0.742 0.555 0.299 0.156 drs
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