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ABSTRACT

Introduced the effect of the stochastic frontier analysis framework, respectively,
paragraphs consider random disturbance and technical inefficiency and both exist
homoscedastic, build normal - in the form of truncated normal distribution heteroblastic
stochastic frontier model for logistics management, makes a research on the
homoscedastic normal - truncated gaussian model production technical parameters and the
influence of technical efficiency estimation, which estimates parameters by using the
method of maximum likelihood, and concluded that the technical efficiency estimates.
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THE STOCHASTIC DISTURBANCE V EXIST HETEROSCEDASTICITY

This section of the study are based on cross-sectional data, the research train of thought can be expanded to the panel
data model. The first to explore the homoscedastic of a random disturbance item for production technology parameter

estimation and the influence of the inference efficiency " .
Assumingu ~ N*(ul, 02, 1);7 ~N(O,M,);v=(1 - pW,) "7 ~N(O,M Z);M =| i "~ & |
0 ng

thus the average is:
@ (wl1;0,067,1
E(y) = (1~ AW XB (1~ W) * | B, —| sl + 07 e ebD O D AL
®d(wl;0,00,1)
In the presence of homoscedastic of the V situation, when will be estimated based on the conditions of technical
efficiency modal based on the Mode(u |6‘) , technical efficiency estimation formula should be expressed as follows:
TE =exp(-0) = exp[&j (6?1 + Mﬂi)’l(é + )+ ;}*I] @)
When the technical efficiency of estimates based on conditional expectation, the
basis of E(U |8) V is the homoscedastic model technical efficiency estimate expression is as follows

TE = exp(-0) = exp{—ﬁ—g XM]
q>(u;o,sz)

6:(6:1+M £) (84 fut)- 6! [ (621+W z)} 3)

=exp qy[—&j(& +M i) (é+a0)-pul;0,0] |: +M i)ilﬂ

-1
d)[—&j(é l+M z) (6 + 1) wl;0,0? [| —(o-ul +M,2) ﬂ
As you can see type (3), in the normal-truncated gaussian model, the random disturbance item v homoscedastic to
the influence of the technical efficiency is much more complex than the estimation way, also is unable to come up from

theory to determine the impact on lower partial or upper partial ' .

(1)Maximum likelihood estimation
Considering the random disturbance item exists V homoscedastic, and o;fi =0,(z,;0,) , there are

.The following model of maximum likelihood function is derived.

gl(zi;é‘l) 0

0 gl(ZN’ 1)
Due to thet ~ N*(zl,&%,1), whilev ~ N (0, M, %) because were not associated with U and V, (u,v) joint

distribution density function is available:

f(u,v):[i] O (’;—*IJ\M,,Z"W exp{(u;ﬁl)'—(w(Mf)1VH (4)

7o, g
By&=V—U, known v~ N(0,M X) joint distribution density function for;

f(U,&‘): i Nq),l &l ‘M Z‘%I/Zexp (U—Ml)'(U—M|)_ (8+u)l(M,]Z)_l(g+u)
7o, o} 7 20u2 2

u

[ ! J (e (EJ‘M”Z‘M exp{—% (e+ul) '(Juz| + MWZ)i1 (€+,uk|)} ®)

7o,
xexp[—%(u—m—um-l(u—m—u)}

u
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= A Aay-1
Among them, 1 = o} (ofl +M;,2) 1(g+,u*|),Q:0u2[l —of(&uzl +M;,Z) }
Q’1:LI+(M %)
2 n

Will type (5) to U integrate, can obtain the distribution density function for & ;

f(e) = j f (u,&)du
=( ! j d)‘l[ﬂjwqirﬂexp[—l(g+Ml)'(ofl+M Z)l(g+y*l)}
o 2 7
exp[——(u 2= 10)' (U=l — 1) du (6)

(&) >4

Dueto ¢ = (I —AW,)y — X/, based on the type (6), logarithmic likelihood function of the model can be obtained
as follows:

(B,0,,6,4 1, p)= Nln(2)—ﬂ In(27) + In{cpl(&lﬂ—E In
2 o 2

+M 3 exp[——(g+,uj) (cZ1+MZ) (5+MI)}CD|:Q“(/4+MI)]

ol1+M,3]
n
u

. (7)
—%(5+yj)'(ajl +|v|qz)’1 (e+ )+ |n{q{g'2(ﬂ+ﬂkl)}+ In|det(l — AW,)|

Based on the Iogarlthmlc likelihood function type (7) to carry on the optimization, the model can be obtained the
parameter estimation of (,B /1 ,u*p) According toa = gl(zl,é') the estimates of the known 5 to 0 after the
estimate.

(2) Technical efficiency
In this section is based on the JLMS method, with normal - truncated distribution assumptions, random disturbance

in homoscedastic space stochastic frontier model estimate technical efficiency ' .Combination type (5) and (6), in «
known, the conditional distribution of u is

f(uce)
f(ulg) =——%
l f(e)
(1J cpl[“*'jm z\’“ exp[—l(gml)'(ajl +M,z)’1 (e+ ,u*l)}xexp[—é(u—,u*l —)' M u—pl —,u)}
7o, o )7 2 ! 2

] N : ®
[\é_ﬁj cp{“*lj : +M,,z“exp[—;(HMI)'(Ufl+'V',;E)1(«9+Ml)}®[92(ﬂ+ﬂ')}

O
1 1 1
= I —— (U=l =)' Q7 (U -l = )
(20)% M 3| o(Q 21

u

Mode(u|e) = pr+ pl =—o (O'UZI + M”Z)_1 (e+wl)+ .l 9)

Therefore, once the point estimate of U, each production unit of technical efficiency estimation can be expressed as
follows:

. i o @ (a+aloQ)
TE =exp(-0) =exp| —U— ] —Qx ——
<1>(,u+,u*|;0Q)

52(621+M,8) (8+ )~ 2 —&j[l ~(571+ Mqi)l]

(10)
A An-1 A Aan-1
— exp qy[_gj(&jHM”Z) (§+,u*|)+u*|;0,of[l—GUZ<GUZI+M”Z) ﬂ
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Or:
TE = exp(~d) = exp[ 62(671+ M, 8) (E+ i) -2l | )

TECHNICAL INEFFICIENCY Y EXIST HETEROSCEDASTICITY
This section first when the model of technical inefficiency homoscedastic exists, the parameter estimation of
production technology and concluded that the effects of the technical efficiency ™ .
le .- 0

Assumingu ~ N*(1,M );7 ~ N(0,671);v=(1 - pW,) '~ N(0,07%) ;M =| . |,

The mean of the y are as follows:

_ _ @ (wl;0,M )
E(y)=(-AW)*x8—-(1 —AW,)™ —|wl+M x—"""1 us 12
()= (1 =2W) "X = (1 - AW,) {ﬂo [u otarom) || @2
In the presence of homoscedastic of the U situation, when will be estimated based on the conditions of technical

efficiency modal Mode(u |€) basis, technical efficiency estimation formula should be expressed as follows:
Mode(u|e) = g+ il = =M (M, +07) (e + uul) + ] (23)

When the technical efficiency of estimates based on the conditional expectation E(u|€), U presence of
homoscedastic model technical efficiency estimate expression is as follows:

. i . 0 (a+al0,0)
TE =exp(-u) =exp| —U— sl - Qx——— =
<1>(,u+,u*|;0,Q)

M, (M +Afi)l(éﬂ}*l)—ﬁ*l—mu[l—MU(MU+Aji)l}

(14)

—expd @
X

-1

cb[—l\ilu(mﬁ&ji)1(§+ﬁ*l)+ﬁ*l;o,|\7|u[|—MU(MU+&52) ﬂ

As you can see type (14), in the normal - truncated gaussian model, technology without aUl homoscedastic to the
efficiency and the influence of the technical efficiency is much more complex than the Mode(u|g) estimate way, also is
unable to come up from theory to determine the impact on partial or partial. Therefore, in normal-truncated gaussian model,
under the analysis framework of U homoscedastic will not only directly affect the production technology of parameter
estimate, also reflected in the estimate of technical efficiency.

(1) Maximum likelihood estimation
Consider technology without U deposit in efficiency and homoscedastic, and O'uzi =g, (Zi;52) ‘there are,

92(21;52) 0
M, = : : .Based on the above assumptions, the following the model of maximum likelihood

0 gz(ZN;é‘z)
estimation is derived.
On the basis of the probability density functionas U ~ N* (I, M), U is:

=[] \M,,\“cp1[%Jjexp[_(u—u*l)'h;u(u—m) ,

u

Due toU and V are not relevant, the joint distribution density function of (u, v) are as follows:
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f(u,v)= LJ O (ul'M,)

7o,

M, |

u

2 2
By a & =V—U, the joint distribution density function of (u, V) are as follows:

fue)= ij O (wul'M,) B |2|’]/2 exp{— —(u —#J)'l\?flul(u —ul) (8+y)'220_21(8+ﬂ)}

7o, M

=[i] @ (et MM exp| <3 e .+ 1) e ) | (47)
o, 2

xexp{fg(u - ) Q7 (U gl - 1)
Among them, £ =-M (M, + 5 Z) (e + 1), Q=M [I -M, (M, +O'VZZ)_1} Q1=MJ1+§21.
Will type (17) to U integrate, can obtain the distribution density function of &:

f(g):j f(u,&)du

xjo exp[—E(u—yJ — ) U=l —y)}du

:(%J O (ul'M,) i exp[—%(gﬂu)'(mu +ajz)1(g+m)}q>[g§(#+m)}

Because of & = (I —AW,) ™"y — X3, based on the type (18), logarithmic likelihood function of the model can be
obtained as follows:

W(B,5.,,5, pt., 1o p) = NIn(2)—%In(27r)+In[CD1(,u* '
—%(g+u*l)'(Mu +ajz)’l (e+pl)+ In{(b{Q;(,u—i-,u*l)}}+ In|det(l — AW,)|

Based on the logarithmic likelihood function (19) for optimization, the model can be obtained the parameter
estimation of (53,6, 6,, fL., A, p) , according to &, = g, (Zi;52), in the known &, available after estimate &7, estimate.

e exp[—l(ﬁ wl)' (M, +025) (e + Ml)}
2 (18)

»)

(19)

(2) Technical efficiency Combination type (17) and (18), distribution under the condition of known &,U is:

f(ule) =+ () i”(;))

(2o

= 2 N =) f -2 1 | B %
(\/Ej O (MM, +0] eXp[—z(Ewl) (M, +07%) (8+MI)}D[Q (ywn}

Among them, 22 =-M (M, +0.Z) (e + u1l),Q=M, [I -M, (M, +JVZZ)’1].

We can see by type (20), f(u|8) subject to N yuan truncated normal distribution N * (.1, Mﬂ) , and so its mean

M exp| = el M, 22 (o) o]~ 0=~ -l |
: 2 (20)

and all the number are:
@ (u+ul;0,Q)
O+ 11;0,Q)

[ -M, (M, +075) (e + )+ pl;0,M, [ 1 =M (M, +072) " ]|
X
®[-M,(M, +072) (e + pl) + l;0,M, [ 1 =M, (M, +675) "]
Mode(ue) = u+ ul =—M, (M, +07E) (& + pul) + pl (22)

E(u|£) = pu+ pl+Qx

(21)
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Therefore, once the point estimate of U each production unit of technical efficiency estimation can be expressed as
follows:
. i . O (a+alk0,Q)
TE =exp(-0) =exp| —U0— ] —Qx — =
CD(,u+,u*|;0,Q)

24 o) =il —M [l-l\?l
(é+al)—aml-M, )

(
= exp qf[—l\?lu l\7|u+afi) (é+y*l)+y*l;0,l\7lu[|—Mu(muﬂ“avzi)lﬂ
IR

TE = exp(~d) = exp[ M, (M, +672) (6 + fu) - il | (20

DIFFERRENT VARIANCE OF V AND Y AT SAME TIME

This section is based on normal-truncated normal distribution form, under this kind of homoscedastic hypothesis
model of maximum likelihood estimation and inference technology efficiency.

(1) Maximum likelihood estimation
Before for maximum likelihood estimation for the following assumptions:

u~N"(w,M,);n~N@OM,);v=_-pW,)"'n~N(O,MZ);

o 0) (al(zd) 0 o o 0 (g(z:d) O
O U S 1V O =
o ... OEN 0 gz(ZN;é.;_) o .- OifN 0 gl(ZN’é;)

Then the model is derived based on the hypothesis of the maximum likelihood estimation.
Due to U~ N"(ul, Mu), available U distribution density function can be see type (7). On the basis of the

probability density function andv ~ N (0, M X).

fw) {1} & (ud MM M 5] exp[_ (U—el)'M, *(u—pl) _v'(M;E)lv}(ZS)
T

MU

2
Byag=V—U,the f(u,&) of the joint distribution density function is:

1 N 4 , 12 —ul -Mu-1 —ul , sz o
f(U,g):(ﬂ_j (Ox (,UJ Mu) qu y ><exp|: (U ,LL) ) (U ILL) (€+U)( : ) (g+u):|
1

:(,J O (ud'M,)
Among them, 1 =M, (M, + M %) (g + 1), Q=M [ I =M, (M, +M £)* |;:Q" =M + (M ).
Will type (26) to U integrate, can obtain the distribution density function & :

f(e) = j f(u,&)du

1 " —1 1
:(;j O (ul'M,) )

* 1 11 2 —1 [
xjo exp{—z(u—,ukl—y) 0 (U—Ml—y)}iu(ﬁj @ (ul'M,)

xexp{—% (e+ul)'(M, + M,]Z)l(g-k,u*l)}

-2

MU

(26)
12

MLI

M3 exp[—; (e+2d) (M, +M ) (e+ m)}exp[—; U=l — 1) Ul - ,u)}

MU

*“|an|’“ exp[—% (e+ul)'(M, +M 2)* (e + m)}

M, +M, 3] CD[Q; (u+ /,L|)j| 27)

Based on the type (21), the logarithmic likelihood function of the model can be obtained:



BTAIJ, 10(23) 2014 Fu-Bin Pan 14481

(B, 5,5, 11, 2 p) = Nln(2)—%ln(27z)+ In[(l)l(,u*l'Mu)]—%ln‘Mu e

1 (28)
—%(5+y*l)'(Mu + an)’l (e+ul)+ |n{q>[gz (,u+,uJ)}}+ In|det(l — AW,)|

By maximizing the logarithm likelihood function type (28), can get a normal - truncated gaussian model parameter
estimation (8,9,,6,, fk, A, p) . According to the & =g, (Zi;éz) and 6, = gl(zi;éi), after known estimates of the o,

and &, can be estimated value of 6 and &7

(2) Technical efficiency
Combination type (26) and (27), distribution under the condition of known & when U is:

f(ule) = ;“(;))

'
(,J Q7 (pl'M, )M
xexp[—;(u—y*l—y)‘Q‘l(u—y*I—y)}

(J%j O (pl'M,)
1

(27)"|/ q{gi (u+ )

, v |M,7Z|_]/2 exp[—;(g +ul)'(M, + MqE)’l(g +,u*|):|

v CI{Q;(,u+,u*|)}exp[—;(5+y*|)'(Mu + qu)1(g+ﬂ*|)}

rxp[_%w =)' (U —#)} )

Among them, £ =-M (M, + MWZ)‘l(fs +u1l1), Q=M [I -M,(M, + MUZ)*] ,You can see by type (29),
f(u |&‘) obey truncated normal distribution N yuan N*(z+ z1,€2), so the mean and the number are:

E(u|g)=y+Ml+Qx%— MM, +M3) e+ 221 +M, [ 1-M (M, +2415) ]

) ["VL('VL +07Z) (o) + e, OM [ 1-M, (M, +M Z)* ﬂ )
O MM +ME) e +ad) 2 OM[1-M M M2 ]
Mode(u|e) = u+ ul =-M, (M, +M =) (e+ul)+ ! @)

f(U|8) in front of the mean or the mode can be used as U point estimates, as a result, each production unit of
technical efficiency estimation can be expressed as follows:

TE = exp(~4) = exp| —d - y*l—fzxcp*(ﬁJrﬁ*l.OQ)
(,u+,uJ,OQ)

M, (M, +W,E) (24 ul) =l =, 1 =M, (M, 44, 5)

(32)

A
_exp @*[_mu(mum;)1(5+ﬂ*u)+m 0,M [pmu(mﬁm”i)lﬂ
) (@ |
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CONCLUSIONS

(1)The random disturbance of homoscedastic parameter estimate impact is not big, the production technology by has
been estimated to correct deviation, the intercept and slope coefficient of available unbiased estimation, but its impact on
technical efficiency estimation cannot be ignored.

(2)Technical inefficiency of homoscedastic will not only directly affect the production technology parameter
estimates, also reflected in the estimate of technical efficiency.

(3)When homoscedastic model existence, its impact on technical efficiency estimation based on conditional
expectation than technical efficiency estimation based on conditional modal is much more complicated, both can't come up
from theory to determine the error is under partial or partial, the result will depend on the specific empirical data.

(4)Set various forms heteroblastic model was derived the logarithm likelihood function and technical efficiency
estimation.
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