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tices that might underlie their superior petibttnance. and which nti_ght-sttccesshiilv
transfer to the Capital Region.

Chapter ta concludes the boolt and provides the reader with sotne tetrospections. Five
major issues are being discussed. First. it is stressed that the public sector ha.s a lat

'IJ"~J I’:-

impact on national economy. Pin efficient pttblic sector 5'11.-.1}-'IZ‘.€l.‘iiil:v'2llI‘I.‘!1IZI1T'I;Il"».-'tZ‘ GNP b_v
more than 5&3. Second. much eihciencv research has been conducted. but unfortunate~
lv has not been implemented. There is only a small number otevamples otdsttccessflullv
implementing research outcomes into concrete policy. Third. theories on effieiencv
measurement con tain advanced mathematics and statistics. The lack of transpa rencv of
the methodologies used prevents a widespread use oieEficiencjv measttre m ent amongst
policy makers and managers. Nevertheless. vatious e:-tarnples in the book show the
importance ofa valid choice oFtnodcl specification. a valid choice ofempitical tech-
nique and a ptoper definition olservice provision and resource usage. The cumber-
some theoties and techniques are mote than just scienntic hobbvism. Fourth. efficien-
cjtanalvsis can be beneFtciat_v in vatious ways. It z'na_v be helpFul in improving manager-
ial ptocesses. but also in determining financing svsteins. planning ofcapacicies and
choosing the tight svstem ol'ptoperr__v rights. Fifizh. much oithe validit_v or'the etFtcien-
cy measurement depends on the data av'ailabiligv. Pvluch improvement can be accom-
plished in this area. especiailp where it comes to the measurement t:-Fthe q_ualit1.' ol'ser—
vice provision and the environmental characteristics.
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5 Reivtisttrinc. Excess Caeacittts in

FRENCH SURGERY Units BY INDUSTRY

Raattocationsz THE Scott i=oR Stsottt

anti Lone TERMlIv1PRO‘v*E.tvIENTS

in Ptant CAPACITY UTILI.?.ATIO1\l

cl-e.'itiitiJcti'tiii?c. i‘iillF[l['[[i?1l"-i£."SIi'llS rtiid l-ierve L-.'leii.i:T

5.1 Iivtatatalactioiv

Several studies have documented the eitistence of important overt-apaciries in
the Freiiclt hospital sector. and especially in specialised care. .~‘ibout 3.t.ooo beds would
be redundant in terms ofshorr st:iy capacity. This amounts to about 15?; ofrotal capac-
iti-'iGi:1.=omar E5195]. Despite this surplus iri supply. large regional inequalities persist
with regard to both the health stattts ofthe population and the availability ofspecial-
itreo eciiaipittenr {fora Ififéji.

..-li plausible underlying meciianisin leading to the doci.irncnted overtapaciries is the
nature ofcompetition in the lteaith industry. The strategy ofliospitals is to eniatge tlteir
capacities and their range of SL‘1"v'iEi£?S. titereiay in general privileging specialiaed care.
This c[ualit_v competition leads to overcapacities at the iitdustry ievei lwrioley and Ptech
1959,

._.." .1.t-‘IF2 '—iecent interest in evaluating efficiency has undoubtedly improved otir understand-
ing ofplausible ntechanisms inliibitittg the functioning ofptiblic sector instinttions.
.'si:t. most frontier or "best practice” studies have limited themselves to docitmenting
the various inefficiencies in an accurate way. Cine disadvantage documented in the lit-

erature is that ptocluction units often ob_jecr to certain policy decisions made on the
basis of these performance results {Epstein and Hendersott iofiigil. .-"ilntost irievicably.

efficient iiitits rentain unaffected. though their pcrlbrrnance is only relatively good,

wiiile inefficient units are “punished” by. tbr instance. cutting budgets or being forced
to .1-iZllLJSI. their iitpiits and outputs to c-t.'t't.‘iiri oltsetved best practice targets.
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This .sttidy. by contrast. iiivestigares structural ienietlics .it the iiidiistty level. in p.irtic-
ular. the study HEY Wilt-' docuirieiits inctiicicitcie.s .ir the flint level. in out c.ise hospital.s.
lt also looks at remedies by considering re.illocations ofotitputs and inputs aiitoiig r. te
firms within the same sector. Furtlterritore. it studies the ideal inclustrv conligi.iration

by reporting on the optimal combination of tirrns meeting actual sector demands and
compatible with currently available inputs.

lvlost perfbtmancc studies focus on the firm level and use inea nwliile well-lenown. stati-
dard frontier methodologies. The evaluation ofindusrty eiliciency is less well devel-
oped. This contribution eittcnds the sentinal worh ofFli're. Grosshopf. and Li j I§I5'i2l who
develop long-run itidtistry production frontiers. in these long-run industry ntodels. all
inputs and outputs can be reallocated with the goal of achieving an optimal indusrr_y
strucriite. These models coinplentent the short-tiin industry production function ear-
lier developed in lcihattsen iipyzi. Recognizing that capital is a fitted factor and that
most investments take the form of capital goods of.i certain vintage. the latter author
includes capacity constraints in the industry production Fanction. This implicitly
assumes that es ante. i.e.. before the invesmient decision is ral-ten. the technological
choices facing the firm allow liar large substitution possibilities between inputs. Eur
once investments have been made gets post]. none or only few substitution possibilities
remain in the short tun. This is called the putr_v-clay tradition. The mociels of Fare.
Grossltopf. and l.-ilIil._gP-i'1:l, by contrast. ignore anv capacity limitations. These models can
be helptial in reorganizing the health care industit_v in geitetal. Futtherznore. they tenti
to find solutions that imply savings for the public budget.

These industry production frontiers are estended in several ways. Basically. we modify
the models to handle multiple outputs .ind we eliiniitare recourse to ad--hoc speriiica-
tions of production capacity. i-‘in ad-ltoc specification is. found in Forsund.
Hjalmarsson. and Summa [i996] who apply the short-run lohanse ' l model.Ii $5 i-4 .

flonInstead. we adopt the methodology proposed in Fiire. Gross]-topf. and lieltlcelenb
[1939] that provides an operational definition for the plant capacity definition first
introduced by lohansen ll t968_I.{':.i We are aware ofonly a handful ofapplications oftltese
models in general leg. Li 1991}. including one in the health care industry in particular
[Li and l\lg1Q_9j:l.

its stressed by Forsund and Hytlinatsson ;'i9S;»': tail. the economic relevance oftliese

sector models is that they allow his both a positive and normative interpretation. [ii
their words. these models can either be positively used to "simulate industry behaviour

under decentralised decision ntal-ting" or itotmativel_v applied to show "how to organ-
ise the industry in the most efficient -.vay".
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Wlteii consicieruig tealloc.it'lotis ainoitg hospitals. we obviously have a normative social
planningperspective in mind. ln patticiilar. we presuppose riiat in the short run cur-

rent matltct demand can be plaitnetl and reallocated among ltcispitals such that esistiii g
capacities are optimally utilized. Inclusrry petforrnance increases mainly by art eliiiiina-
tioit oftecltnical inefficiencies and b_v .in iinptoveiiient ofcapaciry utilizatiott rates. in .i
long ruit perspective. existing capacities no longer coiisrraitt the planning process.

~—- :1 EHL. |'-lr Fr FL. according to several specialists the r.itioiializatioit ofsupply would allow to:
limit the phenoinenon ofstipply-indiiced dentand. exploit more fully returns to scale
and eronoinies of scope. economize by grouping reserve capacities. and preserve the
quality ofcare. Witli respect to the latter. one should notice that guaranteeing a miiii-
mal critical mass ofinrerventions allows to fully exploiting learning effects. This li.is

been documented in the medical literature by. for instance. Luft. Bunker. .iitd Enrhoven

I-LT19?s-‘_i -1I1*€l luft. Hunt. and It-Iaer '-i5i:s_a_i. aineng others. In this sense. concerirrati-on of
I“-i .-' f"i'-iactivtries beyond .t minimum ' l is a necessary condition to assure good oualiry of

care. For uistance. a recent French tiolicv measure in this soirit is to close down all
maternity hospitals with fewer than goo births a year.

Since a critical number ofinrei"ventions is a condition to attain minimal oualiry levels.
we ideally would lilce to guai'ant'ee a minimum level of quality of care in the whole

itislustry. l-lot-vever. no information oti rpiality ofcare is .ivailable. Therefore. the esoltc-
it objective ofout models is to maatintize the savings in all types ofsurgery rooms.
hiegarively stated. preventing the use ofunderutiiize-tl surgery rootns cannot decrease
the eprality ofsutgical care. Furthermore. as it ts svtclely believed that ntedical doctors
llvlllsl are a critical resuitrce. we verify whether or not oitr priittar_v goal is compatible

with rite current inchistrv allocation ofvariable inputs.

This study compierttenrs pteliininary tcsiiirs with these models reported in Dervtiuat.
Kerstens. and Leleii ’i99ei in two respects. First. we include personnel information.
E.irliet. we assumed that the personnel coitsttaiiit was not binding at the industry opti-
mum .\‘ow we can simply check whether this is the case or not. This is impottaitt since
a numerus claiisus in France. effective since t_t;i;iS. restrains the supply oflvIDs in gener-
al terms in an effort to lintir the supply oi-health care. and consequently supply-induced
demand. Neglecting eventual different needs between clisciplities. this quantity cun-

straint recently seems to create shortages for certain specialists. it is a widespread opin-

F} I-'2ion that this shortage plains the inability to liiily esploit existing capacities isee. e.g..
dc Pouvourville 1_9_96l. rhlillfilpflfiflg our empirical results. we show that the currentallo-
cation oft‘v'fDs is sufficient to iiice demand.
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Second. outputs are slightlv aggregated in aii eftbrt to cotiiitetbalance the reduction in
the numbetoforganiaations evaltiated. The latter is a consequence ofa shiii: in tiie level
ofaiialvsis from surgcrv units to hospitals. We careftillv control whether our empirical
results remain qualitativelv in line with this earlier research. Latl-ting other studies
using similar models. this _vields at least otie point ofconipatison to assess the pla1isi-
bilitv ofour outcomes.

This paper unfolds as ibl lows. The next se crion provides some bacl-tground info tmation.
including some statistics. on the French health care sector. Section 5.5 starts with a dis--
cussion of the firrn and industry efficiency models using Data Envelopment r"i.l'l-.'I.l}'SlS
[DEi'1_] techniques. Section 5.4 contains a detailed description oftlie samples utiliaed and
develops the teclinologv specification for the hospitals. All empirical restiltx are pre-
sented in Section 5.5. It final section concludes, formulates critical notes. and suggests
:TiIJ]'|f'JiE' EHEIERISIOHS.

5..-i Htatrii Caar IN Piiaaies: E.icxexouxo axio Statistics

in 15151;. health care expenditures represented 51.5% ofPrench GDP. reaching a
levei ofSa.a5o in per capita tpcnis. France has among the highest share ofhealth expen--
diriires in GNP compared to DEED countries. onl_v precetied bv the United States.
Genpar.v and Switzerland. About ofthe total health budge: is devoted to hospital
care. In this field. the public sector delivers ;'o.iFi's' ofthe indusrrv caoacitv. conceived in

.- I. -

terms of the number of beds. Jiniong private hospitals. .1 clear distinction should be
made between hospitals participating to the public health service [denoted PSPH".
counting for 51.11‘-'-E ofthe indusrrv capacitjr. and not-for-profit or for-proiit hospitals.
respectivel_v 4.3:‘; and ii5.5%ofthe l|Z‘1-iCl1.!S1II1'_‘j.-'i'.‘IJ.§_JE'.tZit:i-'.

Despite differences in ownership status. PSPH hospitals are vervsimilar to public hos-
pitals. because thev face the same constraints {e.g.. obligation to ad ntir anv patient at
an_v time] and share the same financing rules. From 15133, to i5i_o-:5. public and PSPH hos-
pitals have operated under a global budget to cover their operating costs. including
lvIDs wages. Since 1515.16. a prospective payment svstcm based nn Diagnostic Pteiated

Groups [DP-.Gsl has been introduced. Private hospitals receive a pet diem pagvinent to

cover nursing care, medication and catering. The_v also receive a lump sum for each stir-
gerv or delivery so as to finance their capital investments. in contrast to public hospi-

tals, private hospitals are organized as doctors' worltshops. since most Ivilliis are inde-
pendent workers that are paid on a fee for service basis.
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This coexistence oftivo iinanciiig sclieities leads to liiige differences in ecoiiomit incen-

Fl‘~’“5 ll"-“fW=3vI'I Dhlliilisi Jiflil ntivate provitlers. This itiidoubtedlv adds to the perceived
intliience or ownership status. Private hospitals are induced to invest in activities where
pronuctivitv gains are possible tiioiigh a strategv t'il'5[3i3t'[;'ili3.1[;l;ji-['1_1|g1r-] 5;;n._;_i;.Edmti[,n

I;llJ-‘.12 surgetv and ohstctricsl. Table 5.1 highlights this phenomenon bv presenting the
repartition ofbeds bv activitv and according to ownership stat1is_

Out sttid_v concentrates on the Notd.-'P;1s-de-Calais region. Islartowing the geographical
pectivedoes not change the main features described so fir. Ciiie exception is that the"El Fa '-ri.i-1

" ' I I 1r: I r 4. - - 1- - F I I 1 Imarket shati. or tnc ]IJl'['vJ.Lt. sector in tl']|.S region is slightrv oeloiv the national ii;-1.-i;[
.1agi.S'?S vets us 55.495:-.

Table 5.1
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5.3. Fiiixi aivo l."iJDUSTR'r' Erricirxcv Fviooists

This section first depicts tiie intuition behind the iirni and indusrrv models
used in this con tribti rio n. Then. these basic models are extended to adopt tiiein to the
planning cuntext of the French health care svsrem. Eiasicallv. this section provides a

non--technicals1iminat_v of the underlving notions. rippendbr .i‘i5.i iiitnishes a rather
detailed numerical example illustrating the basic concepts behind the different models.
II‘-ietaiis on the required computations are otttlined in E‘-'ei'vac1x, iterstens. and Leleu
I: 1515,;-o_. and can be ibuiid in a technical appendix available from the authors on request.
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lv

ri tiniiied metiiotlci logical ii"ameivorlt ibr tneasiitiiig iirm .iiid ind iistrv etflt'ieii-
cv been introduced in Sengiipta [ iootl .iiid reiliied bv Fare. (Srossltopf. .ind Li tioetl-.
These authors bring rogettier two strands ofiitetature. First. rliev build upon the b_v
now poptilar literatitre focusing on assessing iirin periorniance. This literatiire is asso-
ciated with the sentinal contribution of Farrell {ie5,vl and is reviewed b_v Lovell 11953].
Second. a somewhat smaller series ofarticles and bool-ts concentrate on rriodeling ind use
tt_v production iianctlons and sector efiiciencv. The main contributions here are proba-
blv the .ri'Llg1'LIEi' and Chit if 15165} and Seita [iei;.=i_] articles and the lohansen :_io_rai and
Forsiind and H_ialinatsson ligiiitrl books.

These technologies ofiirms and industries are constructed from data on organizations
or decision mal-ting units [Diivll.§s_l lav imposing appropriate assumptions. E‘.easoii;r_g in
a niulti-input niulti~oiirpi.it frameworlc. a combination ofdifferent t_vpes oi inputs is
used to produce a combination ofdifferent t_vpes ofoutputs. ii production possibilitv er
ttaiisibrniation set represents the set of all ii-asible iiiput-outpiit combinations ;see
Section a.a ofthis volutnel. For our application. it is essential to distinginsii between
fated and variable inputs.

fit the iinn level. one ofthe basic technologies is a constant returns to scale model. This
tethnologv. that act-.iall_v imposes some additional conditions. has been presented in
rippendix a‘ia.i .ind is also repeated in an rlppeiidbt available upon teuuest -_or see Fate.
Grossicopf. and Lovell _ 195.1411 The main motivation for this model is that it is linlted to
the long run cotripetitive ideal of.i aero—proiit eciuilibnum. lndustr_v specifications -af
technologies are derived front the above firm-based technologies b_v considering .ill
inputs and outputs available in the sector as sintultaiieoirslv tealloc.iiable. This con-
trasts with firm erliciencv modeis whereb_v none of the observed inputs and outputs of
the individual firms can be reallocated among other firms.

Frontier methods reoiiire not oiil_v .1 specification ofiechnologjr. but also so-ine concept
ofdistaiice to the frontier. The output measure ofefiiciencv is defined as a factor indi-
t.atlng the largest feasible extension ofthe current outputs. while inainraining constant
input levels. ltis positive and bounded below b_v iinitv. The unit value is iibtained when

the observation is producing efficiently. .-1 valtie greater than unit__v indicates the possi-
ble percentage increase in outpui's given curreni input levels. it also iias a str.iightiiar-

ward revenue interpretation.
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This output oriented eiiicicncv nieasiire is ni.1iiil_v iiitmtliieed to explaiii ilie notions of
pl.int c.1paciiv .inti plant capai'it_v iiriliaaiion below. in the enipirical section. we eniplov
both ourpiit- .iiid iiipitt-orieiited eiiicienev ine.isiires isee Section :.a oi riiis 'i'Ulii1T1lIl.
The first to detetiiilne current liospit.il plant c.ipacii"_v ittilia.ition .iiid ilie tetliiiologv at
iiill capacit_v. the latter to opcrationaliac our ni.1in iaiiiectii-e ofiiiir.ii'i'iiaiiig the use of

surgical rtioiiis.

We now turn to the notion ofplaiit cap.icit_v at bot". tiie iirm .1nd the indi:srr_v level.
Following the deiiiiitioii offoharisen i5ii5S_i. plant capacity is the in.ixitn.il artioitnt that
can he produced per unit ofriirie with existing piaiit .iiid ec|uipn1eiit without restt'ic-

tions on the availabilitv of variable production iactors..'5‘ Plant tzapacitv utilization
"LP-EIl.l} is then measured as a ratio o-fcurrent. btit ieciinicailv efficient. otitouts to the
maximal outputs according to the above deiiniiion. To .ivoid confusiiig technical cili-

I’; l"l'TH
i-{J

ciencjv and iiiconipl ant capacitv iitiliraiion. Fare. Gtossl-topii. .ind l=.'.oltltelenh-erg
i 151551] have devised a procedure using efiiciencv nieasittcs to separate boili iiotions in a
iiontier context. Pin observation is iirsi evaluated in terms t}F_Et'JCl1T1ltIJll efliciencv to a
standard technologv. Then. thcsanie observation is coinpareti to a plant cap.icin= tech-
noiogv. i.e.. the same technology but wltiioiit restrictions on the availabiliti" of vatiaiale
inputs. Details on the required computations are oiiiliiied in II.-‘ervaux. tens. antiI--'-I II“..- P11 -..-Ii

l_eleu ’ipcip}.

E-iaving defined all the elements ilor out anai_vsis. our modeling straregf. can be siiintii.1-
riaeti as follows. First. starting from observeti inputs and outputs .it the iirm level we
determine the plant capacit_v for each lirnt using an o-iirpur oriented eiiicicnc_'.' tneasiire.
These computations are instrumental to determine the maxitiiitin pioductioii capaci-
ties .it the iirm level. and. iinpiicitlv. at the inthistrv level. Then. swiieiiing to an ind us-
tr_v perspective. we look fiat a reallocation ofthe total anioitiir ofiixed inputs and out-
puts iii the industr_v relative to a iiill plant capacit_v technologj-" in two wa_vs. First. we
niininiixe proptirrionaliv the use ofiixed inputs in a short iitn perspective. tii.1t is. given
existing plant capacities. Second. we pursue the sattie objective iiiiiction but disregard-
ing existing plant capacities. This amoiitits to alluwiiig a rescaling of existing plarii

CJ.FIi1ElLl¢Ia..‘lill[l1lI5tI steps in our procecliirc are suniiriarixed in Table 5.a. Dbserve that

variable iiipitis never constrain the solution ofthe opriiniaatitin probleiiis. but are part
of the decision variables. We eheclt afterwards wliether there are sufficient variable
inputs to satisfv the demands resulting from the optinial solutions.
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5.3.a Mariel Refinements: iitlripttiiiiiii tii FreiitliPltini1ing Context

To account for the planning context ofFrench health care. out model diverge-I
'1'"?

front the above described classical ones in three way's.pi_i F itst. we include an emergency
constraint when determining plant capacities at the firm level. The emergency nature
ofcertain surgical interventions tends to decrease technical efficiency as well as capaci-
ty utilization. since these cases are very demanding in terms ofotganizational flexibili-
ty [Frieclman and Pauly i981}. Ofcoursc. a minimum number of hospitals [most often
public ones] should remain open at night to assure proper treattnent ofthe uncertain
ciemand related to emergency_cases. in our model. we impose that the reference hospi-
tal at the frontier treats at least as many emergency patients as the evaluated hospital.

Second, we talte into account the organizational structure ofsupply and demand in the
Norcl.-“Pas-de-Calais region. The northern hospital regulation agency {fill}-l_l distin-
guishes between fotir areas |_'“bassins de vie") in this region: Littoral. Lille. I-lainaut and
ilrtois. Each ofthese areas defines a geographical entity with iiomogenous soclo-cultur--
al characteristics and ti great sitriilarity in the demand for health care. The long-term
goal oftheAP.H is to organize heaitii care supply in such a way that population needs in
each area can be covered. Therefore. in the industry models we impose that local
demand is met in each ofthe four areas ofthe Notd.-‘Pas-de-Calais region.

Third. having mentioned the problem ofregional disparities in health care access in the
introduction. an open question is whether there are also phenomena of suppressed
demand in the four sub-regions of l\lorcl_i'Pas-de-Calais. As a matter of fact. the
I~.'ord.*'Pas—de-Calais region is l-tnown to be under-equipped compared to national stan-

dards [see Coca 15195]. This is important given the policy objective Cl'l'-i"l‘iRl"l to reiirie the
stnacrure of health care supply so as to cater for geographically hetero-geneoiis popula-
tion needs. Therefore. we also estimate a theoretical demand for surgical interventions
using national data. Details ofthe procedure are outlined in Section 5.5.2.
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5.-it Suiitseitr its FRENCH I-lusritats

5.4.1 Stiinpli: Desrripticiii

We use two data sets for this study. Out principal tiara source is .1 census ofall
surgery units in France operating in 1991 conducted by the French social security. i’~.
total ofi.6o5 hospitals have been surveyed. Out study concentrates on .1 sub-saniple of
oz hospitals situated in the northern part ofFrance -[Nerdy Pas-de--C.1l.iis region]. This
census gathered information at lbur distinct tiers: the hospital level; all surgical wards;
all surgery units within each hospital; and a sample ofsurgical interventions drawn fbr
each surgery unit. This data set still offers the tnost comprehensive picture ofsurgic.ii
activity and equipment available today in France. Uniortiinately. data on personne
[M Us. nurses. nursing aicls...._l' is not available. To overcome this drawhaclt. we extract
infotmanon on staff numbers from an administrative survey ofall private and public
hospitals annually organized by the Ivliiiistiy of-Health since is-Li?-4. in this second data
source. personnel numbers are. hoivever. only available at the hospital level. not at .inv
of the tiers underneath.

Clearly. there is a clisctepanc_v oftwo years betweeti both data sources. This forces us to
assume that no drastic personnel changes have occurred between 1 got arid ioy.-1.
Furthermore. due to the need to match two data sets at differ . t levels ti l -Fi- .-1- J-il- 1-.1 Ll‘-'4 {Iii r-f rs era r_.i. ._t_ IL} S|.

we have been obliged to worl: at the evel ofthe hospital. Our earlier stiteiy toccised
instead at the surgery unit. Since fewer units ofanalysis remain. we are also force-ti to
aggregate somewhat our definition ofoutputs. This is the only way to escape the curse
ofdimensiunaiity inherent in non-parametric frontier analysis. l."nibttunatelv. no stan-
dard test procedures .ite available to guide us in this modeling effort Jiliougli see P-aiiitei
-':[5.19l'5'l for some recent proposals].

The two data sets have been matched by looking at the niiniber ofsurgtcal beds available
in each hospital in 199a and 1994. The concatenation of both data sources has been
iiiipossibie fiir four small hospitals. which reduces the sample size from ea to hospi-
rals. Furthermore. surgical activities are not equivalently defined in the two tiara sets. To
maintain consistency. we have reallocated stafflroiii obstetrical to surgical wards accord-

ing some specific reiles. Details on the matching procedure are given in .-"‘ippentlixr*i5.z.

at final cha lenge is that personnel need not exclusively be dedicated to surgical interven-
tions as such. i‘vlDs, but especially nurses and nursing aids ntay have other activities in, for
instance. surgical wards. in the second darasource. there is no information on the precise
rep..1rrltion of time between surgical interventions and surgical wards. We have to find

~.=sst...
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ways to accotint tor the tiiiie -tlevo-red iii surgical wards so as to .1voicl speeilicatioii liias.
First. we include the tot.1l ntinilser oi"'ii1_o.1tiei1t days iii surgical wards .1s .111 .1dditio11al
output. 5ecoi1d. we .1lso include the nttnilaer oil beds in surgical wards .1s an .1ddit'ioi'ial
in put. Th us. otir speci ticatioii oiitechiiology no longer r.arrowl_v iiacizses on surgical inter-

£21.. tr. -'1 1!‘;- ,.. F-I Fl F.ventioiis. but is enlarged to iiiclu cl activities tiriaersoiiiiel in surgical wards.

5..i.a Tvioilrlfipetijittititiii

Tttrning to a description ol'surg1cal technology. we sequeiitially devote our
attention to its otitpiits. and then its fixed and variable inputs. Starting with the our-
puts. we distinguish surgical acts by their nature and cornplexity. Regarding their
nature. acts are grouped according to a successive combination oiitivo criteria: First. clas-
sical surgery verstts exploratory acts. and subsequently bone surgery versus visceral sur-
gery. Regarding their complexity. acts are classified accorcling to a French index based
on surgical standards {denoted ICI~‘.fi. This index sunirnarittes the cornplexitv orieach sur-
gical act and is constructed ritomjudgetnents oirriedical experts regarding the necessary
resources under ideal circumstances. We partition surgical activity into heavy. medium
and light surgical acts.[;7i Theoretically. the totnbiriation ofthe classifications according
to nature and eornplexity yields 11.1".-;;t3_! categories. However. in practice cett.1in cate-
gories are erripiy and so we end up with six types otsiirgical .1c:ivities. [ti addition to
l_l :1 F‘1.5e outputs. we have isolated endoscopic activity. since this is the tnost r'rei.]uentl_v
observed surgical activity. In Fact. this sole act accounts. on average. rot abotit 17:5 of
total surgical interventtoiis. Finally. fbr reasons explained in the previous stibsection.
we also included total inpatient days in surgical wards. This leads to a total ofeight out-

|,_.
5put categories. Note that regrettably we have no intbrrnation on the quality or surgical

interventions or on the quality ofcare in surgical wards.

There are three kinds ofinputs in our niodel: the nurnber orsurgery rooms per itind:
the number otibeds: and personnel per category. Surgery rooins are considered as fixed
inputs, since they imply huge iiivestnaents .1nd most. ifnot all. oftlaese costs are sunl<.
Beds and personnel. by contrast. are variable input categories. since they can be allocat-
ed in dirlbrent ways at little cost. Berbre discussing each oithese inputs in ttirn. we first
contrast our view of beds as variable inpuu to the tradition to regard thern as .1 fixed
input when analyzing hospital t:liit"iet1cy'. The goal otiour analysis is first and ibreniost

to evaluate surgical activity within hospitals. Tliererbre. stirgeiy rooms. due to their
sunlc costs, are the iixecl liictots on which our analysis sheds light: should one rriaintain

2'1 Surgical activity in this hospital or not. and iilso .1r what level? Beds in surgical ivarcls

13o
1 _

‘-1.1-

-1’-;-Iiitulgtqapu-I-i.|e.d\.u.|..k.-1.r.I-qnggiiilfl

lM&:Lii

-I-aua.oi.ien.-ennui-.nlH

li.Lr.it-i'i‘i":-".7 L.'t-;_'.Es:-1'.'.l'.ii-|‘.|I'-i IH i|l!!!'~iL_‘.|i :iLIi-1:ii_rt‘i'L1i'iilT.<ri*r il'-ll1[lF']F!'|' fl_._7_-l||_L|__‘_|l;:|J|[':_|_};li,|'s

tiepeud only partially upon the activity -.1t"tl1e stirgery unit. siiice tliev c.1i1 he easily reev-

cled tot other ptirposes. Tl1ei'elioi'e, they .ire v.iriabie diineiisioiis for our purpose.

Surgery 1-ciotns tlilliii-111.1ii1ly'in their fixed eqitipinent and. conseqtteiitly. in the types -.1r'

acts that" can be peribrnicd while guatan teeing n1ii1in1.1l riiialitv staiidarcls. The survey

distinguishes between seven t_vpes UFFUUR152 itoni nursing toonis to highly specialiaetl

rooins dedicated to cardiology and tieurolog_1_.' {precise definitions are iiiiind in Table

-'_-IGUG -1.*i5.a'i. We a egate type D and E rootris. since only one hospital in the region has .1 type
E rooni. Thus. otir analysis ends up with six rooni types.

Regarding the variable inputs. we include the nu.-"nber or beds in stirgety wards.
t-'LiZ'I.'l1tl‘3'l'1‘..CIl‘t3. lull time equivalent" personnel inibrtriation is ciassiiied according to three

types: wills. nurses. and nursing aids. Descriptive statistics on outputs. sutgerv roonis.
beds and oersonnei c.1tegoties are Found in Table 5.3.

Clearlv. rriosi" i11renret1t"ioi1s {about i".:Tos’-s] are ciassi'riecl t:ritiet the rnediuni visceral .1ntl
iight surgery categories. Few hospitals jonly 15'-‘.5? engage in heavy exploit-.te-ry acts.
Turning to the inputs. oar‘; oi'ii_1:ed inputs Fall under the E and E categories. represent-
ing the standard surgery toonis. l'l.oor11s or‘ type G are sparsely available in the region.
hiote also that the distributions of'stinieot'tl1e inputs arid outputs have a witie range
and are highly slteived. exetnplityiiig the size diiierences betiveen the various hospitals.

5.5 FIR.‘--I.-1.!‘-lDl?1IDU.':l'Tl‘t‘i’EFFlE1ENC't':El'v1P!R[C11il.i'l.ES1JLTS

5.5.; li1t1'1isrr'.=l.tvel Restilts

First. the current situation is characterized in tetins of’ plant capacity ut1'li:e.1-
tioii. For each iirrri {hospital}, we coinpitte the plant capacin-' iiiilii-iation ntodelaei

Cl CL. Ha ;_.Table 5.3 also summarizes the restilts For this PCUliri11 n1 ttirns otit that. at Full
capacity. hospitals could raise their -outputs by 15% on average. i'v1oreover. 551 of the 35
hospitals {67 9.5] operate at full capacity. We also cotnpare initial ant'1opti:1'ial numbers or‘

roorris as well as the initial and optirrial outputs. In line with previous results fsce

Dervaux. Kerstens. and Leleti 1999;. ineliiciencies are mainly Found in surgery rooms

with heloiv average eoitipirit-ni j_type A rooins} .1:id with rather standard sutgerv acts

UK?! :_. r- ' surgery and rnediuni visceral su1'gety_l. when operating at liai] capacity, the stir--

gery indtistry could raise its .1etivities bv at east io.-T5.
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Turning tiow to the indtistry analysis. Table 5.4 provides results For the input eiiiciency
ineastire cotnputed on the Fixed inputs solely For both the .sl1ort-terni lohansen model
antl the long-term tnodel. Compared with the current situation, it reveals the excess
capacities in the Eixed inputs. ln btith models, the optimal nurnber of rooms is

estimated by a into-iimal contraction or'the input vector. eventually diminished by the
slaclc variables. The main conclusions .ire as Follows. First. at the industry level, rooms
can be reduced by about 15.9.’. in the short-rtin and even by ngjfiinii-“gig;-.p1g.[,;g[-1-1-l_[_[].U;j|-1
the l"CLllirn1 model, the largest overcapaciries are situated in surgery rooms with below
P~‘-"friigc Equlpnient [rooms oftype is and F].
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These estimated overcapaciries for the johansen inodel are exactly the same as in
E-‘ervatrx. Ii".ersteris, and Leleu liogigil, btit they are about 15?; less in the long-term mociel_.
The di§Terent' level otaggtegation in both studies probably explains this diilerence. ln
the first .1i'tic'le. these models were solved at the surgery unit level. while the present

wtirlc has been obliged to focus on the hospital level. While outputs have been aggre-
gated, this does not st-eni to have cotinterbalaiiced tne above shift in perspective.
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Results lot the optimal variable inputs .ire alsti presented in Tables 5._i .iitd 5..t. For all
models, we calc1.il.1te optimal t]u.int:ties otlpetsonnel and beds llor hospitals .1t llili
capacity titilization. Starting with the P-EUtirn1i1iodel in Table 5.1. we notice that the
initial allocation ol.'ntitses .ii1d ittitsiiig aids isiustsutlicient to meet the optimal mini-
ll"-i;"l'i'lJl-'i='.‘l|I'lZll3l[Il|l1F'L1lS['1tII;jE5'I~iLi.l':5.-’JlIli..lllE§Ii'.]I‘I.1i£l1I_'|.-'.5_1v'tII.Z‘I]1[l'.1.5F.Ll1t:.1i£iL1J;!lJ“lU1't'lllIJi1‘1‘.'Ei oilh-EDs

.iiid beds in the sector are iiistililcient to tespontl to den1.i11d .it hill tap.1citv. Turning to

the short- and long-retiii models. we see that. by coi1tt.ist. the .ictiial allocation for the
industry is stiliicient {Table 5..i,i. rillowing tlot reallocation. the demand could be large-
ly met with current variable input endowments. .-‘it the very nilnimtim in the slit1i.'t- tun

model. tliete is even an Sr.-I excess tiilv[Ds and beds. Though its is eciiially clear that the
latter two variable input dintensions appear to be. relatively spealcing. the n1ost-toi1-
straining in all three models.

5.5.: R£'.'i'|I1.ll.i__liI'r'll1|I Fiiiir Siili-regitiiir

Table 5.5 reports the sttucttite oiiresults for short- .tntl long—n.:i1n1odeisti_:r the
Your areas. i.e.. the optiirial '-'.1l1.It1‘5l'_Ui'lIl"tC activity vector. .»'iccounting tbr the oi'ganiz.i-
tional SZt‘|_ItTf1.1FiE'-t?i|l‘5Ll1I!I|;l-l;v'."iF.|iZTl demand in the Mord.-P.1s-dc--Calais region. local deni.ind
is met in each .1tea in the optimization prob etiis. ln the short-run model. tats or'iiospi-
tals operate at Full capacity insiead ofthe 15;"-T3 cutrent'ly. rd?"-.3 produce below tiill t:;1p;1c:-
ty and tat‘; have a zero optimal .ictivit_v. The latter implies stopping activities in the sur-
gen-" units oithese hospitals. Closing dowti hospitals is not at stahe. Results are rather
homogeneous ilot these tl-out areas.

[n the lonsr-ttin model. scalinir stit er_v tiiiits ivithin hos:-itals un or clown is .illo-.1.-ed.
3 1|

The latter obviotisly encourages reallocations between ho.spitais. blow only .1._;:‘.l :a~:2--
sis} of hospitals. or rather scaled up or doivn versions oicurtent units. are needed to
produce the industry output. The latter results show the normative aspect oilthe lor1g-
term model. hi each .irea. mo re than two-thirds oilhospitals ttaiisfer their surgical activ-
ity to these scaled units. is detailed lool-t at the empirical results reveals that indeed the
surgery tinits with a mix similar to the industry mix .ire scaled tip. while more special-
ized units are either eliminated or used to complete the industry needs.

Pi. problem is that surgical activities in some hospitals are scaled up rather drastically.
For instance, one unit in the sample is scaled up by a Factor smaller than its. This scat-

ing ofa current iiill c.1pacity technology raises a methodological issue concerning the
feasibility and usefulness olthe resulting optimal activity vector. First, ta l-.en literally .is
scaling up the surgical activities oilan existing unit. it raises questions .il:-oiit the recli-

-'-i.---i.|.||‘h.|.|.||.Il-.|Iii_.i.»,i||i_-,|s¢s_‘|;|
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nological antl tiietlicai liaisibility. tiecontl. a more pl.1tisible iiiretpret.1tion is that it indi-

cates the optinial tiuplication oilthis existing plant. ln the l.1tter c.i.se. about 15 other
tinits 'iiot in table: should be strticttited and org.iiiized siiiiil.it to this optimal tiiiit.

Since all c.iii1iot possibl_v be attached to the same l1ospit.il. their exact location remains
.1n open issue. By contt.ist. the slio-tr-run plant capacity model li.is the adv.intage oi'
imposing ess asstitiiptions. since only a scaling down or tip oilactivities within .1 unit
with existing c.1pacit_v is tiaasilile.

I-1II-Ii-I‘Il.|.lll||.l.l.l-l.—q

-—I-I-I-I-I-ll-I1-I-Ii-I-ll-.-IJ-i.||;n_|-i.n.n_n.u.—.n-.a_q_,."

|.u..-|..|.-i.u.-i.|_|_u__..-

.-i_.1-i_l.__..__

.i-LII-Ilulnnl-A-his-m-i.-3|‘,-

_'l|I—l-_

-1-

Tab-le 5.5

5'.'i1ui:t1.ixt or Fit.-iitiac.-.'i'.oxs ix riit Fciuii .-iatai.

_ .
~'ierr- tiiii eieat: !.-i1i|-ti-ii ei.:art.

'I.tl|':i‘t'f .-i .- _i:i!i ‘s i"tio':- .- .111 'i ii; !r.:lc.| '-...r-..

':.ti:':r.i:s _.Lti.|. it1' ':i.l ..1p.:. ::". ._.,:p.|; tr. i:.'_ss|ttits .':,]|_‘ii|_|[1

IF‘ ii-Ili'.'I

I

_LE[II'l.Jt .':- “-'-‘ J " -‘illJ 1'.I"J .r-

l_|lli'I -1- "U 7| l'-. "i ‘ll

.-'tri:ois : ‘L 1.: . ‘i 1 .1‘;

Haintiat :_ -i-‘i -I 1‘ ‘-1 " ”

tiitai as "a :ti it 11-‘ .1 T"

For these areas. we attiiallv consider three models: in addition to the classical [ohaiisen
.1nd long-term models. we also develop .1 long-term model ivitli an estimated instead o’t'
observed demand. To estimate pop-tilation needs in surgery. vi-"e employ the observed
national rates t:-r surgical interventions in each eflout 7 output categories per age and per

sex. These r.ites are used to compute a theoretical demand in each area according to its
own poptilatioii structure in terms oilage and sex. The iinai outptir, inpatient days. is
correctecl by tegressiiig this variable o-n .1 const.inr and the total iitirnber ollsurgicai
interventions at the national level. F-.esu lts liar these computations are reported in Table

.-115.5. Stinitnarizing. the tleviations between estimated and cutrciit outputs reveal that
the Lille sui:1— region has a surgical activity l.irg-cly exceeding its needs. By contrast. 1-'irtois
and E-iainaut seem to be deprived olliiiterventioiis in many orlthe output categories.

Table5 ts presents the optimal ntiinher oi"rooms in Littoral. Lille. rlirtois anti Hainaut. in

fIi_ Flt -s .1.the short-run mo Lille .ind .—‘irtois. with the .irgest current encloi.vinents. show the
least overcapactties in rootris ftespeetlvely ta-llantl i iiill. The reverse results are, howev-

er. obtained in the long-run inodel .'respeiIt"ively 11"."? and 5355,-. The two others regions

have about the same amount oi'exce.s.s to-oiiis under both models lbetweeri .1;-.1; and
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a.-piiil. The structure Ell-l’ti‘5|.1l|;5 changes drastically when we cotisidet estimated itistead till
observed demand. Civercapacities in Lille reach 41513. since the observed deinaiitl is l.irg-
er than the estimated one. liesults are less pronounced liar Littoral. though tiiete are still
overcapaciries. For Haiiiauc .1t‘i{i.’l'.|flI£'2iiri. testilts change both qiiaiititatively and qualita-
tively. Wliile they experiencetl overcapaciries with observed deni.ind. the new results

clearly indicate that they are_iiist about sutliciently etpiipped or even lacls a linv i:ooms.

in--Ii-‘It.-|.-.|i_-.1:-.l'

Table $.15

."'i‘-'i'tJLnP>l.E .ir~it.i 'l]'l"|'|rv1.-iLi"ili_l."-lEERt‘.I.'= ii-ltjl-1':-.".l5i ton THE Four:-. .-tsiaas

.!i'llT|-El siriitltlsii sliari-iii.-i -iia.l.,-l [.,s|;_T..,,-;| H1.-..1,-| ,,;|._| __“_., mgci

_ _ _ _ _ _ _ _ _ _ _ _ _ _ __ t1l'.stri'c-.l Iiltll‘li2.'Itl t'.sriii:tit.'.;i .1.-iiiriii.-Q

Fittrril'c* if ’ I1'trr!l'i‘r 1?‘ riiieilltr T11

Littoral ira at : tic _-s --1- -
. ,4,

Lille aria aso .: it-_r 3: “-..; 4;

.*'tttois iasi 155 Ii tco 15 |.;; .s

Hatnaiii 1':ti vi -1 __ _ .-- -4- _|l"\i -.'.-..-: 1*.-it

total ea; 571 :- 411-.1 tp -:45 ;.;.

a E'I.ff'i'lif§ll.|}flIiI_E|lfI;l[!i|Iill|fi..'l!-L'l!'|I'l'-,'-.fl|:.;|_L||f,1|_':I,'_j|||:_l-it .,;_.|_r-r

Table 5.;-* presents optimal variable inputs tbr the estimated dema nd inodei. hills seem
to be the critical tesoiirce to respoiid to estimated demand. While abundantly avaiiabie
in Lille. they area scarce resource Foriittois and Hainaut.

Table 5.;

lIC~i|1T[.-'.[.-'i.l~IllII|:'F'TH-=1.-".L aiuiaisca or 1.’.-iiiiasts lrrrurs: lzstistiitso Eitstania ivioott

iritditril a'.:trors |1i_|t5'|_'§ _-H.-m|;_;,-.||.j., ,.,;5

:‘lii}_ IJPL, -_ :|ll';ii LIP‘. 2 ' |:|E|§_ ul!.T_
‘J ‘T ._. -1..- “H a-.. Ln-'1

Littoral 11-15 ryri y sss. 5:5,; it ". :1-ii risii .. i.s.lci 1,jltI- it

-r.|I ‘ill '-"El-ill’-T -I-I1 :3 :.Eio '§|I['i so I,l_j-‘U art all 3.ior- a,t5ti. _ 1.1.

'l*r'5‘3=5 l"-15' 133 "st Ho; 55.1 tr t.e.'ta i,oEo —ti a,o.se a__;:ei -ii

Hliti-wt ii: ire -ti -sri 5:15 ass -1--i..: -.15 .: t.s:o 1 ,.ir.~ -a

1 . . .i'i“Ei" 1'?“-5 5-55 -1 5.9111 :..t=io 15 aaiio 5--.io as E -so -
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These areas need .ii1 .1tltlitioi1al 575 respectively 11125 oltheir cutreiit allocation oFl'viDs

to respontl to poptil.itioii needs. i'ii the regioii.il level, lviC‘is .ire _iust stitlicient to cover
surgical needs. Furthermore. otilyni-tois li.is .1ii iiistiilicient iiiimberolbeds in the long
tun. Higain. Lille shows strtictur.1l excess capacities llot all types otlpersoitnel .ind beds.

5.s Conctusiois

For policy ptitposes. the iiillowing tentative conclusions c.in be Formulated.
Ciur empirical results highlight existing overcapaciries in Fteiicli stirgery. The use otlour
ind11stt_v reallocation models at full plant capacity reveals that about 1595 otlsutgery
rooms can be closed doivii while satislying the regional dematid liar health care in the
short nan. In the long run. overcapaciries tc.1cb even up to :-151%. The nutnber olllylllls is

sulliclent at the regional level to meet current .it1d even estimated health care demand.
at least alter redticing surgical capacities in specitic hospitals. Hi coinpatison with out
previous worlt shows that these results appear quite robust with regard to both the det-
ir.ition oioutputs and inputs. and the level oiianalysis.

.=‘is to geographical distribution. overcapaciries exist in all .iteas within the b1otti-Pas-de-
Calais region and mainly arieet rooms iviili below average equipment. They app-eat
slightly more important in Littoral and 1-lainaut. This picture changes sharply when
considering the needs olthe popuiatioii instead olobserved demand. In this ease. most
ofthe overcapaciries are concentrated in Lille and. to a lesser extent. in littoral. Citlier
areas seem. on balance. to be_1ustly equipped. To ciipe with these equity concern.s. it is
necessary to rather drastically reallocate medical labor benveen areas.

The data coming from two data secs. we have talcen great care to m.itcli inflotmation on
personnel with the main census. But. meastitement errors on variable inputs cannot be
excluded. §~.'evettheiess. these limitations intist not be oveceinp-liasized. since the vari-
able inputs do not constrain the computations Ell-]Jl;1I'iE capacities. .*"ts a niatret otllatt,
personnel is always a decision variable at the iirm level. It is only ac the ind1.istry level
that personnel becomes critical in vetitying wbetlier the optimal amounts needed cati
be met with the actual allocatton tail resources. Gptiinal verstts actual endowments are

checlted For both the region and the sttb-regions. This comparison sbowstl1atconcern.s

about a scarcity oFi'v1Ds seem ptematttre.

From a methodological point oi view. the shott—rtin plant capacity model has the
advtinttigc ollimrioslng the least livptithescs. The usetiilriess oilthe long-cetni model

requires ilurcheririvestigatm-r1. since it .1ssu:'nes that a scaling olla current liall capacity
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tethirnlngv is icasibie anti iiseiiil. its ii1clic.1ted in the rest. tltere is .1 1]11esi'in11 nFi:1ter-
pretatinn ni'the nptinaal .1tti1-'it_vlai:i1tile.

it is. ht1'1'vt.*'vt't, gnntl tn p-niht nut t1vn caveats. First. iiltillticatiiari 'Eill_l[‘t1_'JLii'1-I aittl ntitptits

:1"ia_v irnpljv certain .1d_|tisti11ei".t cnsts. Fnr i11stai1ce. irnne tlnses tinivn .1 stirgerv iinit.
then ti1is in-iplies tvrititig nfilatge.1innun1sni.si1t1ic tnsts. Et'[L|;1ll_f1-' sn. persnnnei that
nta_v be reaiintateci tn nther units ntav itite bnth n1ni1etar1' cnsts and sncial stress.
iiclinstinenr tnsts ate. hnivever, nnt eat alititlv nindeieti .it this stave. F1 tniinter-.1tvu~

. - -'3 -'5'

rnerit is that at ieast ti1e shnrt-11111 indtisttv nincle s need nnt inip-iv irreversible deci-
sinns. E.g.. ii'ti1e rnndelres1.1lt's dictate that nne slintilti i1n innger tise .1 spetiiit snrgital
rnniti. this tietisinn can be itndnne at a later stage.

5etni1d.tnnce:1:rarinn nt'activities. .1n airrinst unavnidahie rcs1_tltit1 these rrintieis. cnuld
he interpreted in iinplv .1 shiti: iinni sntial rn private tnsts. That is. .1 |TL'LlL1-EZ1CI]1t1-i_IIl'!l2
public secrnr he.1lth laiidgets is entititerhaianteti bjv increased cnsts tnr private tisers. Fiat
instance. a user pays inere ttanspnrtahnn tnsts. as average iiista rites increase due tn enn-
teiittatinn. tn itndergn a siirgicai inrerventinn, tviii his Faittilv rriernlaers pa_1'irig i1§rria
visit. isut. stith eventual shiFt in tnsts shnuiti be it-eighted against the private and snti.1l
benefits in I-t‘:t'I'1'*.5 niiintprnvetl quaiit_1=nt'tare. Balancing these gairai anti insses ideally
requires t‘-.ii_1il-iletlged tn-st laenetit .1na[1=sis. ivhith is tiat ertarriple dnne b1'?v"]erl<iesii1
Chapter s. Hnwevet. this is bdvtind the scnpe ninth" tnritiibiatinn. 1'-tirtlierrrin I-1. I"? Pfl"'L

iaeiieve these tnsts ate nn n1a_inr tltait-bacit. since sutgerv 111 ri-inst cases tines itnt entre-
spend tn a recurrent need.

in tni1c.iusin11. ive believe these empirical results undtrstnte the iiuge pnlitvra-:1-te:1ti.1i
iaithescii1i:iusttfi='ti2alliacatinn natatiels.‘1-‘v'nl1tapetn.1ppl_v similar pnittv—taiichtctl nandels

shntti_v tn the Pitatdie ieginn. I.etti.srii11si". by pninting nut snineii.irtherteiinen1ents.
Clearly. in re-.1lit].isnrne tieniantis shniild be n1et at the intal ievei,1vhile nthers tniilti
better be treated at the reginnai nr even narinnal level. This requires the intrndnttinri ni'
nested nr hietarchieal levels. This is nnt inipnssible in a iinntier cnntest. as slinii-11 in
fithanassnpnuins 1151513} and illustrated in iIiei'v.1tui, i{erstens.at1ci Leleu .f';5a5,1~5i_i. Finali_v.
the iinl-t between nut lniig-term plant cap.1eit_v inntiei anti the r:1nre tratiitinnal Fare.
Grnssitnpf. anti Li [15:15-',:-a'! tnntieis remains tn be eatplnre-d.
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The teciiiiology useti lay iita-11 a can be seen to be the le.ist zntensive in tetitis ol'1i-ie Fiateti iatto: cortipated tn

the processes enipioyerl by iirms ii and t. When the iirrris are ut11.'on.str.iine1i in tetrns e1"titeirv.1t:al::ie iriptit.
it is Finn a and all oiits eitteitsions along the ray e-.1 that guarantee .1 l'l".-.12\'l!‘l'i.li output. Thus. it is sortieivhete

along this ray oa that -ili litres reach their Full plant capacity. Firtti .1 rher: operates at full capattrv by utiliti-

tion. Fittn la, ov contrast, could produce a greater quantity of output given its current level oi'ii.1:ed input.
Moving point la to the ta_v oa ;:i.e-, vertically onto point b'_'_ yields an output equal to 1.33 {larger than the eut-

tent unit outpitti. Having cletrr1riirteel_rhe i-naitirnal output at tiall r.~i.it1tcapatits-. one can cont-pitre the pl.int

capacity iatiliittition tare oititrn b as thii ratio oiits currei-.t output tl£vie'ed lav this output at iiii! plant capac-
ity. Finn la thus currently produces at ;r5.‘E ot'its plaitt capaci'.v ‘=1 Contp1itatt'ot1s ioi tirnt t proceeti

~.'.-a 1-Fl-|

along the saitte lines. but is-iti-i the tnntplication that ive titst liave to tetnove the technical ineiiicientv. First.

ive project this observation onto the Frontier tnto the output tlitectin-1 "net visiiile or‘. Figure .»i5.1 . 1*-"i:eci

being eiiicieni. point c coiil-ti produce asap output units Second. the-1-ing this Frontier pro_icttit'iri '-'e1"t1t.1."l_v

towards c' yielcls an optimal e.ipac1:_vourp1tr ot't.5 units. Thus, the plant capa-. -.ty iiriiizatien rate =-1' firrti c is
about 53.3145 l—-a.o9_. 1-51'. Notice that c.i_tiac:'t_-.~ l.lTlllI'.'.1[IC'T'l rates .ire iiidee-ti totnpuied at Tl'1!_‘l-[El['iClL'l'.TZ'.1'.'I:_1-IE‘ ai':_'.-

cciitlitsion with the cechiiicai ciiiciericy notion

To tietertriine the capacinr i'-or the whole incl-astry, we iitst olaserve that the industry allocation simply equals
the sum ot'allinp1:ts:it1ti oiirputs oithc iitttis in the indusrrv Tpotnt C-_'. in-thtstty capacity outpiir now cotte-
spontis to moving this allocation onto the ray oa ._1.e.. point F1 This iitll ca:.~a<.ity oucout equals .1.‘

Cl" .-.I

|'-1tr:.sIi+2.5_,. This tiuitihet corresponds exactly to the sun-i ofthe zndivitlual iitii-1's tapat1t_v output levels.

Notice that. geometrical ly spealtitig, point F is siniplv the sent ui'the line pieces oa, o'ti' aiicl oc' Further-n1ort:,
line piece GF equals the sum niche ltrie pieces bb' anti tt'. The latter siniply tortesponcl to the .1tltiiti1:nalvari-
able inputs necessarv. both at the indivitiual and iiithistry level. to be able to proclitte at full plant capacitt-_

This siamrriing property illiisrtates that the johatisen ttieasute oiplanr capacity is cor.si.ste1'ic For st3s.'Et1r.|.ggre-
gation. Current intliistry output eqitals 1, _'- I.‘-l+l_l li-one eliminated the inefiicitiicy ofiitni t.thei:1t.i1:strv
could at best -.1ttaii1.11t output level o!'4.e9 " iii-l.1‘.1§_,i;'. i'ltus.ti1e capacity utilization rare .11 the tn-diistry ievei

is 3-1-TF5 le =1-iasiii-B Ei-

""' ' - -"~ . .- . -i. . --' .;'-_-a U illuminate .he ctiiicrencelaettveetifiimrn-otltls.1it1a1.11; short ru.1iritiustiylt1.ii-t-t_,-.ve catetully .nti.-taie
their production possibilities using the sairie nuitietical L‘.'s.1I'i'1'.'Jii.". This reveals v.'h.1t one can uttaect -.1.-iii.-n nrit

."' _t. -'
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i'i'1c'tl iii:11ii' '.'11ritil,'lt' |l‘I!i!||' it .7 ;:i,'i|

—1iI-|ril.|I-I-I-I-I

ii 1 ion

I _.--__

i 5 inn
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1.'1tlic:' canii-or or taii :e.1lioc.1teit1p=.iis .iritl it-iitpuus an"ioitgl'irt:isi11.111ititlustii-.Si:1cc1i1tr enipit-ital sttidy L"iIi"|'

si-.l=."rs c.ent.111d as e.itttgci1o1is.v-'e see!»-1 to iiiiii the riirnirtial qii.1i1tit1"ui iisetl 'npiits cc‘-:i1p.1til:iie ivitii the .1cttt-
.ii incliistrvotiti‘--.11.ii1-iiLisiitgtliciiilleap.11.'iryprticitiction _til.1i".s a, li' .1i11.l1". lii l:lt;lal1'.‘."'-4,. i. iiie snlutioit oitliis
prolailcni is locatctl .11 the tiite1"s-cction fpoint ltli l.it't1i-'t:1:n t:i'.'o.1.1it-.i the !t1'-'.I'i;'|l.1.l.|ZlZ lI'lI'||'[p:;‘_'|-1-,_:1fl.|-l-ll"l_§;[i.1I the -;jLi[fr."l'1['

incl-ast1'i'o1i1:tut.

hlntice that. .i.s it1 the l’L.'Z_l iirin iniiclel. variable inputs cio not constraiit the oiititiiai soiiztten. sitite tiiev are

rlecision v.tti.1‘.:-ies Eioivet-"er. we i:1a_v lit-1': scarce resources .it 1-lie itidusttv ie-.el. in i'.icr_ tire sit-.1at;ons i.‘.1.t1

'5.» 21 ‘il- ‘Cloccur. U11 the one l1.1 r.-.l_ this solutv _. ittt may be to11ip.itil.iie ii.-ith the ctittent ti.it;tlet1do11'111entoi'-.-.1r1.1iaie
inputs LI! the it1cii.".strv. Hence. current iiitetl inputs and optimal vatiahle inputs can pro-clutc the CIlJ1|Ii’!.’:l

iitciiisttvoutptit. D11 tiic niiiet hand. uptintal varialale inputs :ti.iy eiiteecl theavailable intiustts .1liocat1on. En

this case, 1r_o:1e taiiniit ptntairc the iietessaty a-dtiit:on.ai1'atiaialc it1_tiuts. thcti it is intpossible to produce the

i'.fipl:i[i‘.ll in-::lustt'-.' -output Front the ti.1il tap.'it':typtc:<:luct1on plans.

Turning to the tiistii‘.-c'ti-aii iieciveeti short- anti iciitg-term iitciusirv models, we "teed to 1[‘it'Si.'t:.ii,a:: ,1 5;-gctrtrl

ntiittertca. ttiampie ivltcre i'o1:r rirrns use tivo iiirttci inputs as well as one variahl: lI‘l'D'..l[ to iari:-tiui-e .1 singie-

itir.'t1ttt'al output sci." ag.‘1itiT.tlile.-'i;;.:.. Procitittion possibilities .1: lull c.ip.11.‘.itv.i'e ptcsenteii .'l'1 Figure .-list.

Figtirei-115.:
sitoitr- .i:~iia'_osin-.=.i:i~i ii~itiusti1s!iiciciti.s

it_,'
ll

"l'=i-'l

K-1|

r

a - G-Q

ll-ll/laid:

'1'-..‘._-

3:1; -‘ll

I

i I1 .

' t=1..tis
g Kiyel 3?’:L _i_..___.. ..

n --— ——
U

| _ __ _______ _ - -_ i-—-—— -"'_ ‘I-

nllJ :t".-

141

--‘nit-rt-.|-1.-|.n.-n



Jl|L '-'1 ‘I'-

1. '111.‘LlI.‘| 11.111 1111.1 111'1111 111. 1 11 111:1 .1l 1 .-1111.. .1 ' -1 _ -11,-11 .|1..;1- -11- 1 -
1. 11101 1.11.?-I1 ‘I1 1. -11.11.1151:-.11 11. 1 I. 1-1 111.11 .1 -1. 1'1I.11‘1_1.| | 1' ' 1111-.'1 11.11 11.111 1111.111

1:1 .11111:'11 l-1|1- "1 :111.111.1111.1111_1|111:1111I.. 1'-1111'11- 1'-1111111 111.1 11111 1.-... 1 ':1' 1.1 1 1 -
1'.11:111.'.111:1.:1'1. 111111111 T111: 1111 1 111r1111|--111111.1'. :1 :-11 11111-1111 1:11-11-I '1 1 1| 11 --1. 1.1.1|1;1r1'11111.. -1 11 -1111
"11:'1:111 1'5 -11111 1.1111r111111111"-'1 .1 1-1111L1|1 -- -11.1.11. I1r111- -.11 1.1'1-1 111111.'.1_11111 111111111 .1|

-‘E-1“ 1- E. - Ti .1I' 1'1'1".-.1 ' 11:1. 1|:1.1.1111 1.1111111. 1 1 '.' . ' 1.1. 111'-1.11-' 1111 |1111|1.'111.11'1 111 1111111.'11~1111.1
11151111111 1. -11-1 11 5 111 11111 H .1 1.11 1...1..11.1 -=1:1J11- .111- 1. 1. 1. 5.1111 1-11111 1.1 1:-.- 1.: -1

1. 1.11111 11:11 111.'1r11:1*1: 1:11 .1-utl 111111 '1-1111 1.11|111' 1r1! 1-1 1.1111111 -1.1 1 1:1 1 1.-.1 1. ..

111.1111 111:1111.1:|'11111:1r1111 1'-1r'111'-1 11':1.11..s1h 1 111' 1111--1 1 1 1'1:1..1r'11:111::'-11111 .1|1.11 1.-1.1-1-11'1r~1:'1 1.1. -
111.1 11 11:1 111.111. 11:1r..111"11.11_-111111|-11111u111 '1]-1' 111.-11 1-111 '11. 1:1

Ti 11.1.'.'1-111111 111111.11 11 1111111 '1 111'-1
11;511:111-5 1:11 $1.111. 1111111 dc]-.1-11

'1'.-11 11111.1"-11 .111 1'111'r1:111:1i1'11.11.1'.1111 1.-11 111' 1'1:1.]1.1'r11'1 1111-11-I-1 1111] 1:1:-'1'11:111111-111.111 .11-.'11'*1-1*1'1J 11.1 .1 11:-.11-111. 11

_l-.--,____,_|.,__

:1 p1.'111l1.1. 11.11111 .11.:11111:1|1: 111:1'1'- 1111: .111 111:1r-1 111-111 11111:1|. 1: 1_.:1|

"$1.1. 1:1""I'1"'-1|I'I'lU1"'1|51=1."']EI 1:1'Ll'11:F1.[F""'|'I1I1‘I|."1T'|5T1IL5

1-1- ___‘--'1 J
1 1: 1111: 11111 111:1: 1111': 1:.~1.1.:1 .111 1:111-1: 1:1 1:1-1 _ _

-__L__._,-_.

u11'-1111111 1' I 1.1 1.11111: 11 1.
12117:. 111 1111;; .11111 199.1 ‘-11:11 r1'1_g:-111 .1‘ '11:s1:11-111 1 .11 1 111.1 1. ._1;[|;111 1-11 1.-1 .-_- |;11;11.;1.1 1,.

_-J1 -1*:J11TI'-11111! Th" 1111111211-:1 1-11:1.; 1.1] 111.'d-1 11' 1'11: "'-11-1r 5 1.-. -_'..:-...

1E 1_|I'IR'3.--1 I!I'|."|.1.[l-C'_l |Il1- lf'.!U'| 1.1111 5U|.|["CZ': .1‘: -_'I;.El .""|.‘,I."'I., 1.4 J--,_‘ |1;I1|I' I-1_'1 I1 111F|"|‘[ ,'§|:_}1';{_"|f_j| ;._ __1..;-.:]_.l3|j ‘IL

I-| IT1:1. 1:111 1' b1 | 1:111-11:11 .:-
‘I-1-

I11 T-1.1 -I1. Iv.

.1-1. P-1 "2'f"-1 fa I3 II... I";J1 -I-1 Til- 'l..1- .11

.____#q#-___

1 -:1-111. 111:--111 51.11-£11-11111111111 1:111: r1_-1-'1|-1 1 11.11151 1-1.111. 1-1-11.1 @111
.- II -"D-.1-1 l_.- 1-. ._._- _.- 1- P'l 1|"? .-.- 11-1-1. .1L.r 11.1-111111 5 r1-|-111.-1.1-111.. 1'1;1_1;

E11 11 . ='.1 I 11'11'.1s1.1"1-' 1.11 ‘11.1i1' 1.1 1:11
I- [- I -:'|.-lh 1|:-I111-;"1 [ |_ ‘=1E 11-. -l':1_ -. ‘5|?L f]'EIJ"'L 15; 1U “-111 135.1113

I-111'1:111:11'1'11:1r1: uI'j'11'1' .11;'1'1.’ E1211 .111: 1:11 L|.'l'J,-;,"|,' 1 111_:1.'|1:.1 .11 .1 11.1.13 .11, 111-1, -'1 '._ ._'1;|-11.1.5. 1-1111 ._11 .

III E-E171: IE-]1JC[ '.-||I'1- I IL C1If'i.'| l.'ll'| '11.‘I.“l-'_T"'lfi 15 1.13.] '|.';|iI.I [£11 J5, -1|,;[I'.'I|1;‘ , ‘111. .."|1.‘ ‘I |'| I. :1 '-F _L|-'-'1 ---11L
.- -"\- .-

1'I11:-1'1.-.1..-1-11111r1.1 1~1111Icr'11::11J11-'1-'1:'r1:111 121'-1:1.1111'1111.':r'1'=. 11.1.1.1--:1 “'11 .11 1' -. 11-1 n:. -:11-1 -

P11 Ill I"151 1r 11.1.rIT1Jr1* G-1I‘iI.‘1.Tr11..11 E121 5‘1'§=11..‘11'-'-.'11r1:1:-Ir‘ 1_'1r-.'111¢'1 1:11 1:1 -111:1.:1:111-1-11. 1.: .1:s11'11 1-.11 :11: 15 .1111-1 1:-.':-.1 11
11.1 ¢'11..1| 1:1 111: 1.11151.-1

—a-.n_.n_-.11.

1-.' 1:111 1.:1 -1-11.1'11&1:1.:-11:1

1-1 -1_|: '1; H‘.- 1111111115 1.' 1'-|1:1q1-11|':111111~.11'111'-:1:111- 1111.: 1.11 11.11

I-11 3- I1 5 -'I|"7[ CIT‘ "111['l 1 "1111,11 1. ‘111:-1'11s 11:11 11111.1 1'1:'u1'11111.--11-1111r1:11.1111 - . 1.1 ._1 .1111

r'|1' '|Fd TI.‘-‘I-T'F'.T" J DITIIL FElII"|'|5'1*1|111|.‘|"i' 1F Ll.l1-.'-' "I71 ’I

11-'p1' 1 1111:1111 1;111:1;1|11-1:-111:11.11'- 1.1- 1:11-:1. 111 1.1 .Jl1.111.1111 .1'.1 11111.1 .141-
.-11-1: 1:111"-1 -11-11s1r1qr111.1rns

11. 1: 1 1u1:-1111 m1:1r11s1n11.'11.11:11 1'11
P1 -IE

"1.1 1":

Z‘.-'5L

g 1:11:111'1s r:11.1:1]a1;11:.11 1-111-1. 1-111111 1111'-*1

I 1 1

-L1:.1-.1111-1.-.-1-. -11171-s1-111-.11-1111-1' 1.-1 .L'111111:.=1 11111111111 1.'1I1Ts111'11-11:-::11T11-1- 111;.1111;11;,1,-1-11,111.-5 -I

T.11.311;‘ 11.5.],

1JH.'1'1R1"11:-.1.-.11E1111.-..1'1L:11111-11-11.

111111.15
.11-1 .11. -

!1:'.1 -=11:_;1.':1'1 ;.11 ' 11 1-1
- - -1

:;1';1'1' -.'.11;1i:-r.11111'1'- 11.1.1 1-1.1: 1-1
rI".111111111 1'-.1:'.1::111:_=_j1'1'."‘ 11.1.1 11.: 11

1.- I.|1'11:11.11:'.1'151:1:'::1-1:111;11:11'1 1: 11 1 5

|1_5'111 11111:-:;1:1:_1'= 3.: 1.1.1 :1

!1g11111;1-.§1:r'." -'1-5 :11.-1 1
1-11.11: 111:-11'1" 11.: 111..-1 :.I

1111111:-.:1'111-1-11-'5-‘ -;-11* .:: :

.11-1 .51 I 1-111 .11

1|] -?'1I 1'171.,

1-1-

Lil.‘

.__|_ 1;;
I .13'

I 1.-

-I--L."

-=11

5:5

3111

'11
-11

-45

-.4

11
13

.,|.. '-L

1.111'-f|

1; -11-

--1
I.

-1I-1-

'|'r

'I-Pu

1211.1

.'-11

:1

--1

-'1" 1'52 1=lI1. .-11 "_'

J-

ii

I 1

".I
-1.

-1

.l-J F1.

-1

fa

,1.

-'1111 51111111-1.1.11-11:'1'.11.T111 11:1:1 1111: I-1.1

111.111.1111 :-11111 1:-.-1.;-1

'4

I

11-1

115
-I

.;:1

1.111‘-1111.111

-._..

E-F '1-I -1.:1..1 :1

1 - ‘I.11I.- I: LI‘- I-I.

i IT1'!'rqr1.l .'1-11'11.1'1'.§ 1'1: I.-_"-J1"-1-:15 1: 1:11r-:.'1-.-

I1 .'-"1'1'11:11.11"1I1I1'*'i1:1 :'-'1 1 .71.‘; .111'-111.'1'11'..;|=

43

.; '-
'-.! _

1.

I--'--1-1.--1:1.-u_-||1__|.|-'.|1.1__1.

 . __1.,,1

i.

15
:':-
111--:'i 5
-1!
':|

I

_i_‘___’-

I
-1

'--'--- _-'1-'1-;1---1-11-u-1.--1-1-15|—l-I1-I-—'Il-|--11-11-1.1.;-.1.-11;...-.1,_-'...-'11=1i===-1'-1"-'11-1111-11-.1-111-1-A11I1-M11

£11

-1.

I‘

".1

r

1.

.-

1- 1:’

- I_l-_ , 1
ri- -I.

I.-
_-

-.-1.|-1.._....-1.-15:‘;-"II‘.-1.-‘I5’:.
_.-- '71.!‘i

-1.|-|- "1!-'\.'I
.._.|

I .-
I "1. .-._.__

.| -
= 1

.119.1--1-.-1:11;; '-
- -

.' '1-'

I



_ii;--.-l___

]|JP1l1|-" PRL'|'-"‘E['!J"-I H"-I " E"-hFDF."1‘1H1_l

1:1wu1115 11 111rH'111111.'1 1 1111111111-111 s|1~11-111.J|111~*11.'1111 111111 117111-11'. 1111111111111 11111111.
11511:-1t111111H 1‘1|111-11111. C*1.1"1‘111TS‘ 11:1 1u1l111111111-11111" 11-1: 1| 1111 '£111||'11 L.11r1 1111 111..111:1111 111'-.1|11 E-

L'11l 1111111 111113 ‘-1“1n1111:'Ei‘-“1J"-1'1*11 111-111111-111 1| 1111* 11111 11111- 1' 1 111- 1-1F1t111- ~11 11:1 C111 111-111 11

~111n:1 1.11.1 1111111:H1.1.111f111:11J11051111111 11 L"‘~1 ‘1.1 1":-111:~1“1-:1‘-11 "' 1111 111.111|1 -1:111:11 111 1111'

:111]1[1-:111: 1111111 1111- ‘\11'11~1t11111+"'1'1"1:11l1 111:1 ‘§1"11:11l1-1H 111 ‘\1|H‘[ 1 11 1'1 11.111 "-1! 1 1-»: "[11 11.11111 111111 111'

T E-1.11111 111: g1:111:1.1|l1' .11:|-1111:-w|r1:[g-1-11

511. E111: G11:1ssk.:11"-1 1111.1 ‘I1-".1|1.|'111111~1I11.E1=I11:-11.1 |:1p111-1 |1.'1n 11' I1 1112111111 111. 1111111

Fh11~1:1'h1~11.1l1:111~1g11 1:111:11 11:1111111 1:1 1.1111111» 1-111111111111 111h 1.1111-111111 111 111:1" 111-11: 11111
1111111111 1:-11:.1p:11:1111 1.11:1 111111111 ~1.1:1:|11-1111111121115-11:11:11 ‘1.1.-111111:-11111.1’?

1111. 11..1111:111n 2111.11.11 Tl-.1-1111111 E'i1:1111:1.111 11111-_:|.=1 11,5111; 111111 11111 .1|1'1:11111-11111111-11111 -111111 -

"1'1: '-1.11111 1111:: 111111511-:.~1-:15 1:111 .11 11111.1 .1111.11l 1:1 11 '1:11lIi"?. -11.11-1 5

1: 111111111 1111: SlIJI‘||I|1J'1'_1 .-.1.n-~111g1 111u1::11_1:..-11 111 -1l| 1-111 51_1|11.1;| 11;;; 11111; 1|“ -1 3|]; Mp1.’ 1.1 _

1:|.- 2111'11l'11:1:|. |1= 111:11:111'-111111.; 1 1.1-111111:1111111:11:t*111:11'111 '1 1:.11-1.111: *1-:1:-11.1 |1-: 1111111 '1-111:1 1:1. 1| 11|:1..-.5
11:11.11-1.1 11 :1l\.11-11:11:-::1:111~1:1.11 |11:1:1p11111.1l -:. 11111111-:111111111_1,:1.1 .1 1111111 1'11 111111111

_-1_1.,_.,_-

-1.-1.-n.-1.-u-_-.Fia-

__ I

.'|.1' 11151-‘-“:'|1*~.ti |'1-11.555 1?.11i=1-1.-‘I111.-i |.'~.' l=='.EH1I11 1'|1:I.1JEil'11:1~1l‘."5 1=.1'[1-1|:11_151-11,11 51E,1,|_;|;|1¢,1,1'1.;1-g-.15

F'1151=1:11E1~11:E5

.-111511111- El, -11111 F. CI11.-. 11:113. U11 1E~11111~..11111g 1111: |1:1§11.~1111.= I-"1111:l11-1111.111 F111-11:11:11. 1-11n11:r1'1'1111 E111111:1r1111:F1:1-i1:111 55 [.1-'1
31.116111-

.—‘.!1. .-1.. .1n11- 1.. 11111111111]. 19;-3. [‘!11: 1'-1-1.11:11.'111:11i-:1] P1ngr111111-.i:1g.*1p|:-111.115'1 1:11 E1E1:11:111:j1' .’111.1l1'si11. E1-1: F111:1i H.

LL.-‘1.bI. L1:-'1'1:JL 11111 5. :;i-1-111111111-_r:1:|s.:I,'FF11 .‘*1'i11'11-11111-1111-'11:1:1_|'i"r111!111:111-1 E_[TT1:1:111.1.1: T1-1111111111111 111111 App|11111111r1.1. Oxford

K111111111 LI11i111:1111_1' J‘11:.1:1. 1 :1:1- 155.

.-111;]1:111:1:s11p111:l1:1:1. 111. 1111111 E1c1::s11:111 51.1;1|;11111 1111 1'.111;31::-JI‘1;1.-11:11 F1111:-1111:1: 1=1l1-.-:~1:.11:1-:1-11 1-11'[‘1.1h|11: 51:1-1-111:5 in

1‘-1-iL1l1111111: .1111:1 M1111 111:'1'1:1 E111-::11s. M-11111151:1111'n1 311111111-:1: 4-1 11]; :_1'3- 1 H1

I-I~111‘11.1.-1- F1- 1115,15. H_1=p1.1:i11:11s T:s1 l1'.1111_g D2111 E1111»:-l111:1n"11::1: .-*'1r1:1|_11111s- _I11-11111111! cf P1111'Z111:111'1L;1- 1*1r111l_11'1i1 ;.r 1:1.-3]
1151-15¢.

E111"-1. E. 11,15,115. L1: 111531111115 111111 |1fip1:111111-'1:. 1;II|.11111:1|1* 1i !'1:rj_'|'11111'11E1'11'1 |'E111111E1!1 |11 111n1'1111:1:l'1:-1dEp1:111:_1 |1111]:1ai111[11':r1-1.1. P1115;

H-1~:‘g‘_1:r-I-.111-1.1111|:.

111' |"1.11;1'1111r1'1lIt. '1]. 15.111.-111'. I.'|'111111:1g1: I11: ~'.'.1.1:111:‘11:|1i1:1F:|:111|1:111. .-’1-1?.. .'1111:| '1' :.T111:1:jg1'1J1'1d -[=1d1.;l. L'F15p11.:1 11ru1%_1;r-

F-Ii1:n1*111'111:111111 [1:11:1:1[1=_~1 1'1 111Jr]'11:1!1:11:-1111 F':111s: ||:1|f'111 Li1.~;1c_1'- 1.;-1: -13;.

51:"-';1!1.11. F5 . E-‘I. E-11:1 1:1:111. 1:11.": H L:11".1- 19951. B..‘11I.1:'111:1.| 15.111-11:1 11»: !'11:'F11'd: :-T11-1:15 1'11 1:hi1'11g11*:I-'1-.:=::]u1:I:i1:111 111-:5 51.11-
1'1p.1E111:1 :1 1c:11|1:1:.1:i1:111 11.'1:I:1:1111|lc. R1:1'11: E111-1t1:111111:1111 51111‘: 15.15-1155.

EF511.‘1l‘1. ?'-11.. .11:-:5 I. 1'!1:1'1-:1.1':1$1:11*1. 15159- lIJ.11.1 E1111'1:]1:1|:11'1'11:111: .-‘1.11.1l;.11:i1 F131 M:11:.1g1.'1‘1.‘11 '1':-3111::-i. 111115 D1:1gn11:ii5.

EJ1-1'1.111:*r1 .'51:11'111u 1:11 1 :: 511- I 151.

F.1'1r:. R.. S. C11:-:1sl11:1p1. 111121 E. Ffiukkclcrzbcrg. 1-:13-1. 11-Tc.1:1u1i11g Fl.1r11 E.111.=1:11."_.-, I-11:1ii1:.11:1i1:-11 :11-:1 Tc1:l11111:.11
1'_"|1.111g-1:: .11 ."~11"11":_:1.11-1111:1151; .-‘1:1:-11:1‘:-1111. [111:1r1:11:111:11[ E1;1:1111.11:-111: '1i'.11-11-.1- 1-1-_ 3'-; 555-151515,

F1111-. 1-“... 5. 1.111:-s1;i11:1pt'. 11111 S 11.. L1. 15151:. L111::1r |"’:-1:-g1.‘.1111:1111g 5111111111 11:1 F1111-1 11111 [11-:51:-1111].» P'1:15:11n1.1111:c.

‘:i111r11:i1:1-1'1-111nJ|1.111r1'1111! 11-j'E1:1:-1111111115 51: [1:;i' 55151-15015-

I-'.111:. F1... 5. E]11115'k11pE_. .1111: C-.-'-1.31. L111-1:11 1;g.1. T’r1:1111111c1n Fm;-111-111-1'. C:1mb1':1:g1':: C.111'11.1-:‘11:|g1': Un1'11c1s11_1.1 F1155.

F-.111~, H.-. 5. ILl1n:=s1-11:111t'- 111111 "1' ‘.F1|1:l111.1n:s. :;S1;-. 'C.=.j.1~11-.:11j1-- C1111'1|:11:1:111111 .111-11 EH7111-:111:]1 111 Hosp-:1aEs:
.-'1 I"11111.11.11.11111'1111.' .3‘-1'1p1u.=11:]1.__[1:~11111111!u_fPr111I111"1i'.'1:j.'11111111_!1'1I.'- 1 j1_I; 113-: 55.

F.1111~|l. :11. 1115 T111: ."-1T1:1.11111r1111:1"-1 111- P:1;11.i111:1i111:- E H: CLC!'|E:1'.JflETflE| 11_|"1h1* 14.111111! S11:111.1111:11[ 511111111 511111 11.; G1*n1-1111

11:: ';.-r :53 -:E1-

F=1r111111J. F. 111111 L. I—i]:1l1:1.111:1111. 1911;. 1'11111['.-1111111111111111-111|51-111111111::.-!1 1‘1111].I-1T|1111- !1;1P11:11:11:|1. ':11111:kh1:-]111:1'1.l1111]1:1:11
1':-1 ‘-‘1’:l:1.1:||-

F111s1111:i, E-- L. J-J_i.1!11::1-1s11:1- .111-:1 I’. 51111111111. :1;511'i T§11' i1111:111J111h1.-11-1'1.-1:11 1‘-1111:1111-E~'1:111111:-1 and 51:1:t111:1l 52111111-
1"1=1-11 P11:11i111:11.111 E-1:11-1-111:-1111.5'1:11n1i1I1111'111r1__[1111111111!1_FE11:1r11:1m11;1 gs ";._-; 365-35-5-

Fr11:11:111r1.E..-1|L111‘11"i. F'.111|'.' -1131- C11-11EFL1:11."1:1:1111 F:11 .1 51:11-51: F-1111-1-.~1'11E1"-’.11'1.1b|1: {11;1;1.1111.1 .111-:1 f.-i1111:|::1111:1-
1212111511111 ['|".1: C-L11: 1.1? H1111]:-:1.1|1. H.1"1'11:111 -.1] 1E11:r111rni11 11111If.!1'1-:1111s111:1 153 '.1_| 515-5111-

145



.,_,___..,,__.___.-

ri~

PUHLIQ |"R,fl'\'lfllII_'!IH AND F“_=Fi.F['lFlF-l.l.NL_'E

Guy-'om.1r. C. I-;-es. Coi:'11rat'nr zncsutet les cziriaeitcscats‘-:=.lt1r'.t.1ircs dans lcs l1e~o1t.".ti.s? 5».1ltili:rrte'.‘ii1||ri‘ 4. o-Lo

[oh.tnsen, L. 13;-55. E’roc1'uc:iun Functions and the Cutuept ul'Can.1cai.v_ l‘~.'.ui1ur, Rctiietclaes Rest-|:.trs sur la

Function ile Productioii [C-oliecrioti -Economic Matheitiaticrtie et Et;oti:.1rnett1r;"-. it :| rctatinicti in Fiara-i.|:1t,l,

F.l7'-.. |:lf'.'.l._i, Collected Worlcs-it|"L-:i|"[ol1ttrtscu. Voititric i.r‘lrt1stctc§arri, North l-lollantl, 359- as-:5.

]ohansen. L. 15-ya. l’totliit:ioai Fimctioris: rlri liiseyjralion ofiylirro mid 3-luero.S.!tott Rir.'ti1t|¢lLurt5 Run .-aspects". .-'l:r'|stt-ti:l.u:|:
North I-lol-':.:i:1tl Puialislrirtg Com;-any.

Li. 3-K. :_-;a91-Tl::<:c E55-3'r'>sJl1E!lll\§li?l‘ll.'}I' l\-icasutemcnt. C.:|tlaoricl.1le __ll.'§ Southern llltnois LInii.'ers|ty[E‘h[}tiis-
5£I[.1[1-551;.

L1. 5-EL, and ‘:".C.'. Ng. r995. Measutsng the PtoilL1t.'ti'-ie Ell"l.ClCF1{:|-' ofa C-rune: ot'Firrns. litrtmutitiiiril.-1.th't1r|c|:s in
Ecertt-mic Research 1 ;4_-; ;;';.'-goo.

" r.-\. n '- - :1: '.,.'. "" , ..;7_' -1 _ --3,,Lorcll Ls‘-. K _n1. tonui.ttonFrnnt1ers mo "ta-n1..c-.11-i:Elttriet'icj. ‘ii sicu it L e K Lovell incl“ ‘~|_ miclt,.....~,|__.. . ,_ ,. ., ., _ _., _, ,_,-,_,,__

_'cds-I, The Mensrtreiiteiit 3']:-Pl'fls'1|;|f'[lll'f E,f_licte|~.ty: Techniques nrtrl rlprriicntliflltt. t'_Ja"’tortl: Date-tel l_Jn1'.'cts1cs' Press. 3--15;‘.

i_I-152. H5-. |.l"‘. Eunlstr. and :"..L'- 1:'I‘~E51EH-‘en. 19119. Shoulcl O-[rietat.:'-arts fie F.t'g!.or1aliate=i?'Tl1: Empirical F-.el.1ri-on
l:1er'.'.-'ecn ‘I.-"olume.1r.o' l'i»’.ortaiiry. New Eriflltindjtiumril ofl‘-lttlictng 3;“ 115.1: |3i-3,;-i3ts_o,

Luis. 5.5. Hunt. Jfltl i'-.C- MJEII-11. 195,7. The Vuiume-Outcome R-:'..1tionsh1r=' Pracncc-ly'i;tttcs-Pcttccc or
Screcriire-Rererral Pattcrzas? Htttltlt Sen-ices Rt.-.tutrl1 as { 3}: 153- i .2-lg,

-"-"'|Cll'IIsEIn. C. 193-5. §"'rilTi1l Jnill U1-l-1: E:-1[J-1C1l|}' L|i'.liiI.1tioi‘.:r'-.n nptalicatitan to F‘rot;!ut:i\rtn' Mcasttrement in the
LL5.Autornolailclno1.:stry._]ottrmtloflsitssinctsaritlEteneniirairiiristics 5 5,4; 31;--3:4

5¢lII. W- 1;?-'1. ?l'iJElI_1\IIl\'£ El-lifllitn-ff-' in the Piteafla-EicC1i'ic lI.§e:1ct;itirig liatii:srra' leurri-al o;'Polit|ti1l Ec'fll'|fl|‘111.-, 7'5;
.1.il.- are-sss

5cng1:pt.;.[.l¢. 15‘-9! Farrell Etlicac:".cy. Some Gettctalieat:uns .11‘.-;‘l Eeezionlcttic liTiplic.1::uris ln Kaui. T . and

[. Sengtipra Ictis I, Ertinerrtit Moiitls. lirtirrit1t!oi1-.trtii 5L"[ltJ€f£‘fl{lmlf$:L'ji{r11j1 Egret},-5 in l1‘enero;'F{.i1rl .-1 Fn.-r. .—\.r|t-srerriam;

Elli!"-'1-l‘I,IJ.§-1.1;).

Wool-:y{.M..ar1dF-i’ E Frech zo-So. I low Hospitals Li:)1t'ip|:?-:.‘: .~'~. l'se~.-sew oftrie Lrterature. journal u_| l.|il'|1-' rind F'|.:iJ!|r

Peiicv 2 i ti": 5;’-75:.

- 146

A_i_i__

EFFICIENCY or DUTCH Nuasrno

Homes: T1-IE SENSITIVITY or

DEA-sc0REs TO DIFFERENT SETS

or Resouucs PRICE-S

Ei'clie:1Eyi;;iiriltr:11il [cs LIT. igiL1l-|.kl1_i

I5‘-ll lNTRC|l'.'lUCTIGT'-'

The Dutch riursirie home industry is currently the sulaiect ot'a great rleal of
ouhlic interest because er-tpcnoitaires on iaizrsing horne care are large. have increased sig-
nificantly over the past so years, and are earoecrecl to continue irscteasing in the suture
because the population is growing oltlet. Real e.-roenclirure on nursing home care :11 the
oletlaeriands lncreasecl From 1.5 billion .rtiilcicrs in o.-~‘.i. ol'GNP'= to '. laillion.3 it ti 9-as.3,L
gull-clers in 1997 ._o.9%f5 oi_’Gl\iPl._'a" is-lost itnoortarir. the i"l'f.L"i'l"lL'§ii are reimhiirsed almost
I-Z!'l.|I1FCl'l"ll'Cl"l'l'-lI3"»'¢Z'Tl":ll'liIT1lISt.'Jl..1T{C'5.

.- -..-

1-;Niitsing home ellicicncy is irnport:-.nt to both policy masters ancl maria-getrietir. Policy
iuakers can use this intotmarion to introduce more incentives :n the reimiaut"scment
scheme or change regulations in orcler to cut budgets without allectzng the eyel and

quality of services. Ivlanagemcnt ol nursing homes can benefit from etliciencj.-' analyses

by chanctinsr the otociucrien otocess in order to S.‘1'.'c costs and assure CO1‘l1TlI'LL1lE".» to es . E _"'

_1-. 1_--._I-'1 7"‘.'Tl1c]Jriirt-:11_'{tolv_jcttii.'e tI'['_Il1l5Clli11p[CI'l$ to £.’(flIl’llH€ the ienct cifriar B-11[EllIl11I5lflHl1U|'I1£lfl[ll|l$[T‘u‘.llfilflfl

the FI1E‘lllD&‘li.JliD[l[£1 Erircloprricntfiliurlvsis ; DE.-1;. Etiiiciency scores are calculated tor each nurs-

ing; home. Mean ellicicncy scores and ‘-‘3.l'l1'[lDE iri etliciency scores are presented.
Further, clil-lflerences in ctlicietacy scores are araalsrceci his viewing the relationship with

bacleatounti characteristics or individual zlursitag homes. Such relatio1".slaip.s are of
I r- i - - - - ' 'interest to managers ane. ooiicy matters srnce the_y yield insight into the causes ofmet-

ficietacy. Stability otsuch tehationstiips is teouirecl lT'1f1FIl'l'CF[D-'.'.1l<L“I ctlective policy meas-

=..1 res. These relationships are estimated in .1 sccoritl step using regression analysis.
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