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1．Introduction   

The concept of Malmquist productivity index 

WaSfirstintroducedbyMalmquist（1953），andhas  

further been studied and developedin the hon－  

parametricframeworkbyseveralauthors．Itisan  
indexrepresentingTbtalFactorProductivity（TFP）  
growth ofa DMU，in thatit reflects progress or  

regressine氏ciencyalongwithprogressorregress  
Of the ftontier technology over time under the  
multipleinputs and multiple outputs framework．  

Wepresentthreedi鮎rent approaches brmeasur－  

ing the Malmquistindexin the non－parametric  
DEA framework，along with numericalexamples．  

2．DealingwithPanelData  

The Malmquist index evaluates the productivity 

ChangeofaDMUbetweentwotimeperiods．Itis  

defineda5theproductof“Catch－up”and“Frontier－  

Shift”terms・Thecatch－up（orrecovery）termre－  

1atesto the degreeofefhrts that aDMU attains  
forimprovlngitsefEciency，Whiletheffontier－Shift  

（orinnovation）termreflectsthechangeintheef－  
ficientfrontierssurroundingtheDMUbetweenthe  
twotimeperiods．Thecatch－upe鮎ctismeasured  

bythefo1lowlngformula．  

Efnciencyof（x。，y。）2w．r．t．theperiod2frontier  

andinlerle†叩Oralscores by thelinear programs  
glVenbelow．  
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We soIve this programfor the pairs（s，t）＝（1，2）  

and（2，1）．If（a：。，y。）tis not enveloped by the  

technologyattheperiods，theintertemporalscore，  

ifit exists，reSultsin the value greater than1．  

4．The Non－R息dialand Oriented MI  

The radial approaches su鮎r f上om one general  

problem，i．e．，the neglect of slacks．In an  

e鮫）rt tO OVerCOme this problem，Weintroduce  

theSBM（slacks－basedmeasure）and Super－SBM・  

【SBM－Ⅰ】   

∂眈y。）β）＝minト巾㌫ 
i＝1  
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Theftontier－Shifte鮎ctisdefinedby  

Frontier－Shift＝4＞＝ノ石高，  

where  
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Efnciencyof（x。，y。）1w．r．t．periodlffontier  
¢1＝   

and   

¢2＝   

E組ciencyof（x。，y。）1w・r・t・Period2ffontier  

E爪ciencyof（x。，y。）2w．r．t．periodlfrontier  【Super－SBM－Ⅰ】   

∂t（（諾。，y。）8）＝minl＋巾㌫  
i＝1  

Efnciencyof（x。，y。）2w．r．t．period2ffontier  

TheMalmquistindex（MI）iscomputedastheprod－  
uctofCatch－upandFtontier－Shiftefkcts．  

MI＝（Catch－up）×（Frontier－Shift）・   

3．The RadialMI  

Theinput－Oriented radialMImeasuresthe  

ズ七人－β‾  

y七人  

e入≦打  

0，β‾≧0．  

＞
一
＜
一
＜
一
＞
一
 
 

戒
：
‰
r
〕
 
入
 
 

．
ナ
レ
 
 
e
U
 
 

－328－   

© 日本オペレーションズ・リサーチ学会. 無断複写・複製・転載を禁ず.



5．The Non二Radialand Non－0riented MI  

Themodelsinthisca．tegofydealwithinputahdT  
OutputSlackssimultaneously．   
The【SBM］and【Super－SBM］models used fbr  

COmputing  6t（（x。，y。）S）  itre 

represented by thefo1lowlngfractionalprograms：  

【SBM】  

SCheme evenin the rwithin evaluat，ionsis not un＿  

natufaland promotes．the discrimination power．  

6．4InfbasibleI．Pissues  

Occasiona11y，theorient，edmodelssu任br丘ominfea－  

SibleLPs・Actual1y，intheVRSmbdel 

（1，1）‥Variablereturnstoscale】，itmayoccurthat  

theintertemporalLP has nosolutioninitsinput  

andoutputorientation占．Incaseofinput二oriented  

model，it has nofeasible solution，ifthere exi畠t畠  

isuchthaty‡。＞rnaFj（鴫）whereasinoutput－  

Orientedcase，ithasnofeasiblesolutionifthereex－  

istsisuchthatx‡。＜－minj（鴫）・IntheIRSmpdel  

【（L，U）＝（1，∞）：increasingreturnstoscale），it  

mayoccur that theoutput－Orientedintertemporal  

LPha5nOSOlution，Whiletheinput－0rientedcaseis  

alwaysf6asible．IncaseofDRS［（L，U） 

decreasing returns to stale】，it may occur that  

theinput－OrientedintertemporalLP has no solu－  

tion，Whiletheoutput－Orientedcaseisalwaysfeasi－  

ble・However，theCRS（constantreturns－tO－SCale）  

modeldoesnotsufrbrfromsucht，rOuble．  

In contrast to the oriented models，it should  

be．emphasized that，in the non－Oriented models，  

【Super－SBM］isalw町Sfeasibleandhasafinitemin－  

imuminanyRTSenvironment．   
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6．ComparisonsoftheMethods  
Wecomparethethreeapproachesuslngnumerical  

examples・（Wewillshoγthematthepresentation・）  

6．1R且dialvs．Non－radial  

The radialMIis based upon the radialDEA  

SCOreSandhenceremainlngnOn－ZerOSlacksarenot  
COuntedinthescores．Ifslacksarenotfreelydis－  

posal，theradialMIcannotfu11ycharacterizethe  

productivitychange．Incontrast，theinput（0」t－  

put）orientednon－radialMItakesintoaccountthe  
input（output）slacks．This resultsin a smal1er  

Objectivefunctionvaluethanin the radialmodel  

bothinthe WithinandlhterterTWOralscores．The  
Non－radialandNon＿0rient，edMItakesint．oaccount．  

theinput and output slacks at the same time・  

6．2Inclusive vs．Exclusive  

In evaluating the within score，there are two  

schemes：One‘inclusive，andtheother‘exclusive．’  

‘Inclusive，scheme means that when we evaluate  

（x。，y。）S withrespecttothetechnology（X，Y）t，  
theDMU（x。，y。）Sisalw町Sincludedintheevalu－  

ator（X，Y）S，thusresultinginthescorenotgreater  

than・1・‘Exclusive，schem9employs the method  

inwhich theDMU（x。，y。）Sisremoved’fromthe  

evaluatorOup（X，Y）S・Thi這methodofevalua－  

tionis equlValent to that ofsuper－efBciency eval－  

uation，and the score，if exists，may be greater  

thahl．TheinterteTTtPOrαlcomparisons natural1y  

utilizethis‘exclusive，scheme．Soadoptionofthis  
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