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Devolution dynamis of Spanish loal governmentAbstratOver the last few years, there has been a devolutionary tendeny in many devel-oped and developing ountries. In this artile we propose a methodology to deomposewhether the bene�ts in terms of e�ieny derived from transfers of powers from higherto muniipal levels of government (the �eonomi dividend� of devolution) might inreaseover time. This methodology is based on linear programming approahes for e�ienymeasurement. We provide an appliation to Spanish muniipalities, whih have had toadapt to both the European Stability and Growth Pat as well as to domesti regulationseeking loal governments' balaned budget. Results indiate that e�ieny gains fromenhaned deentralization have inreased over time. However, the way through whihthese gains arue di�ers aross muniipalities�in some ases tehnial hange is themain omponent, whereas in others athing up dominates.
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1. IntrodutionThe literature on the eonomi dividend of devolution, i.e., the transfer of powers from higherto lower levels of government, has been growing over the last few years. Many fators haveprompted its blooming, among whih we may highlight three. First, in the ase of developedountries, the guises of subsidiarity, devolution and federalism have prompted its analysis asa entral poliy issue both in the United States and several European Union ountries (Inmanand Rubinfeld, 1997, 1998). Seond, in the developing world it is at the enter of reforme�orts not only throughout Latin Ameria and many parts of Asia and Afria but also inseveral formerly planned eonomies (Stewart, 2000). Last, but not least, analyzing the linksbetween deentralization and e�ieny has been always at the ore of publi eonomis, andit provides the rationale as to whih bene�ts ould arise from deentralizing in developingountries. As reognized by many studies sine Tiebout's lassi essay (1956), a literature hasdeveloped that emphasizes the bene�ts of politial deentralization and the ompetition thatit fosters among regional or loal governments (Cai and Treisman, 2004).The literature analyzing the eonomi dividend of devolution in loal government enumer-ates several advantages, although some downsides also exist. The early ontributions datebak to the pioneering studies by Tiebout (1956) and Oates (1972), but given the aelerationof the global trend towards devolution that has ourred over the last thirty years some reentstudies have reassessed its osts and bene�ts.1 On the positive hand, we may highlight thatthe devolved administrations' ability to tailor poliies to loal needs generate innovation inservie provision through inter-territorial ompetition, as well as stimulates partiipation andaountability by reduing the distane between those in government and their onstituenies(Rodríguez-Pose and Gill, 2005). From the eonomi osts' point of view, devolved govern-mental systems may have some negative eonomi impliations in terms of e�ieny andequity, along with the imposition of signi�ant institutional burdens.One of the most signi�ant eonomi bene�ts that devolution may bring about is munii-palities' produtive e�ieny. As indiated by Rodríguez-Pose and Bwire (2004), some of theproponents of deentralization attribute their support for a greater transfer of powers towardssubnational tiers of government to their negative pereption of the apaity of entral gov-ernments to deliver publi servies e�iently (Klugman, 1994). This positive e�et may workthrough a variety of mehanisms. One of them relates to itizen mobility, whih eventually1See, for instane, the studies by Rodríguez-Pose and Bwire (2004), Keating (1998), Klugman (1994), Xieet al. (1999), or Zhang and Zou (1998), among others.3



ensures a perfet math between taxpayers' demands and muniipalities' supply, thus guar-anteeing an e�ient delivery of publi servies (Tiebout, 1956; Oates, 1972). Interterritorialompetition at loal and regional level may also have a signi�ant part to play, sine it foresgovernments to onentrate on the e�ient provision of publi goods and servies (Tiebout,1956; Rodríguez-Pose and Bwire, 2004). Another mehanism operates through the advantagesthat smaller jurisditions have to tailor their poliies to the spei� preferenes of their pop-ulations. Indeed, as one may derive from Oates' (1972) deentralization theorem, the largerthe variane in taste, the larger are the potential bene�ts of deentralization. There are alsosome arguments whih operate from a politial perspetive. For instane, if loal governmentshave greater proximity to their onstituenies, this allows them greater �exibility to respondto loal needs and preferenes, and therefore e�iently math the provision of publi serviesto loal demand. This proximity to the �people� also widens the sope for greater politialand aountability transpareny. In addition, not only does it redue bureaurati omplexityand inreases itizens' monitoring apaity, but it stimulates further e�ieny gains as eletedrepresentatives are obliged to be more sensitive to the preferenes of their onstituenies.However, there are limits to the eonomi bene�ts of devolution. Some authors even pointtowards the �dangers� of transfers of powers to lower levels of government (Prud'homme,1995). The main argument is that national provision of publi goods and servies may bemore e�ient than at regional and loal level. This would our under ertain irumstanessuh as when eonomies of sale and sope exist, and/or there are di�ulties in assigningpowers in a non-overlapping way. A further example is where orruption may emerge moreeasily at regional and loal level, and/or regional governments operate in onditions of �softbudget onstraints�. It should also be pointed out that the devolution of powers to subna-tional governments might inrease spatial disparities, sine the power of entral governmentto urb inequalities is redued (Prud'homme, 1995). This point has also been forefullymade by Rodríguez-Pose and Gill (2005), who argue that Peterson's (1981) balane betweena redistributive entral or federal state and distributive and regulatory loal and regionalgovernments an be perturbed by devolution. However, the magnitude of this limit is partlysubjetive, given that it hinges on the value eah nation attahes to reduing inequality amongits itizens.2Most of the literature, regardless of the partiular vision on whether the links betweene�ieny and devolution are positive or negative, stresses that more empirial work is needed2Most of these arguments are expanded in greater detail in Rodríguez-Pose and Bwire (2004).4



(Prud'homme, 1995; Rodríguez-Pose and Bwire, 2004). Until relatively reently, the exist-ing studies whih analyzed the question from this empirial perspetive were �surprisinglyfew� (Rodríguez-Pose and Bwire, 2004). This laim was reently stressed by Rodríguez-Poseet al. (2009) who, following Martinez-Vazquez and MNab (2003), indiate that �although thenotion that deentralisation inreases government e�ieny seems widely aepted amongstgovernments and international organisations alike, the empirial proof for this propositionremains sant� (Rodríguez-Pose et al., 2009, p.2041).Most of the existing empirial studies are ountry-spei�, although severals ross-ountryomparisons have also been published (Davoodi and Zou, 1998; Zhang and Zou, 1998; Xieet al., 1999). Some of the early empirial studies report positive links between devolutionand e�ieny (Akai and Sakata, 2002; Zhang and Zou, 2001). In other ases, relationshipshave been found to be weak (Rodríguez-Pose, 1996). The number of empirial studies on theissue has inreased sharply in reent times (Barankay and Lokwood, 2007, see, for instane),although most of the papers are more foused on how devolution a�ets growth; see, forinstane, Lin and Liu (2000), Thieÿen (2003), Iimi (2005), Thornton (2007) or, more reently,Rodríguez-Pose et al. (2009). Rodríguez-Pose et al.'s (2009) is partiularly interesting insome regards, sine it provides a ross-ountry omparison for �ve developed and developingountries (Germany, India, Mexio, Spain, and the USA) where deentralization initiativeshave di�ered greatly. Calamai (2009) also disusses issues related to deentralization andgrowth (in partiular, they study the link between devolution and regional disparities in Italy),whereas other reent papers suh as Silva-Ohoa (2009) deal with related topis (institutionsand the provision of loal servies) in the ase of Mexio. Therefore, the literature is rapidlybridging the gap on the lak of empirial studies, with the links between deentralization ande�ieny being explored from several perspetives.In this paper we provide some methods to analyze the bene�ts of enhaned devolution interms of loal governments' e�ieny from a dynami perspetive. In order to do this, wepresent a methodology whose underpinnings are derived from the literature on the analysis ofe�ieny and produtivity using linear programming methods. Spei�ally, our methods arediretly derived from the (deterministi) frontier prodution funtion literature, based on thepioneering work of Farrell (1957), and Afriat (1972) and niely exposited in Färe et al. (1994),ombining them with the reent ontribution to evaluate jointly e�ieny and devolution byBalaguer-Coll et al. (2009). We propose an indiator to measure whether muniipalities anbene�t over time from a hypothetial transfer of powers from higher levels of government, in5



suh a way that small muniipalities (under 1,000 inhabitants) would provide similar serviesto large ones. Our goal is to analyze whether these hypothetial e�ieny gains�the eonomidividend of devolution�inreased from year 1995 to 2000, and from 2000 to 2005, and todeompose the gains over time in two omponents in a similar fashion to the Malmquistprodutivity index (Caves et al., 1982).We analyze this question in the ontext of Spanish loal government. Several reasons sup-port this appliation. First, sine the passing of the Spanish Constitution in 1978, there hasbeen a relentless proess of devolving powers from national to regional levels of government.As indiated by Rodríguez-Pose et al. (2009), regional pressures, espeially those by nation-alist fores in Catalonia, the Basque Country, and, to a lesser extent, Galiia, are largelyresponsible for this reent devolution of powers to lower levels of government (Núñez, 2001).In this senario, the devolutionary proess was pereived as a transendent step for both on-solidating demoray and reating a more widely aepted form of governane Rodríguez-Pose(1996). Indeed, as indiated by (Rodríguez-Pose et al., 2009), devolution is also espeiallyimportant in Spain from a point of view of inreasing stability and publi trust in governmentafter the death of General Frano, ontributing to the strengthening of demorati prini-ples (Núñez, 2001). The magnitude of this devolutionary proess has led to a remarkableinrease in subnational expenditures (Rodríguez-Pose et al., 2009). Spei�ally, the inreaseof transfers to subnational governments re�ets their enhaned ontrol over funtions andresoures. However, the �hypothetial� seond devolution, from regional to loal levels ofgovernment, never atually took plae, at least ompared to the magnitude of the devolutionto the regional level. Therefore, one might naturally wonder why it did not our and, if itdid, what its eonomi dividend would be. Seond, Spanish muniipalities have faed tighterbudget onstraints sine the passing of the law on budget stability in 2001 (�Ley General deEstabilidad Presupuestaria�), whih establishes mehanisms to ontrol publi debt and pub-li spending seeking the objetive of a balaned budget. This law shares the spirit of theEuropean Stability and Growth Pat and therefore some of our arguments ould be valid�under ertain irumstanes�for other euro area ountries, where budgetary onstraints alsotightened up signi�antly to meet the riteria to join the euro. One might naturally inquirehow these hanges might have a�eted di�erent aspets of Spanish muniipalities, espeiallyin terms of e�ieny and its temporal evolution. Finally, the data on Spanish muniipalitiesis quite rih. It is therefore interesting per se to exploit the database to analyze a variety ofloal governments' issues, given that its rihness is generally absent in other studies on loal6



government.In addition, ompared to other European ountries, analyzing devolution in the Spanishase is also important beause of the impat of the reent eonomi and �nanial rises onSpanish publi setor de�it�whih as of September, 2009, is roughly 6% of the GDP, whereasin 2007 there was a surplus. Compared to other European ountries the senario is gloomierwith foreasts indiating it will take longer for the Spanish eonomy to surge again. In thisdi�ult senario, the relevane of the study on e�ieny and related issues in the publi setorgains momentum.The artile is strutured as follows. After this introdution, Setions 2 provides the meth-ods used. Setion 3 presents the data on inputs and outputs, while Setion 4 shows the results.Finally, Setion 5 presents some onluding remarks.2. MethodsOur methods are based on the seminal ideas of Charnes et al. (1978), who developed DataEnvelopment Analysis (DEA) to measure the tehnial e�ieny of prodution. One of themain advantages of these methods is their absene of rigid assumptions. However, an evenmore �exible approah is Free Disposable Hull (FDH) in whih the onvexity assumption onthe tehnology is dropped (Deprins et al., 1984). Our study uses this approah for both itshigher �exibility and superior asymptoti properties (Park et al., 2000).Although most ontributions dealing with e�ieny measurement issues in the publisetor have used either DEA or FDH, some of them have also onsidered parametri tehniquessuh as Stohasti Frontier Analysis (SFA). Examples of parametri appliations inlude Deller(1990, 1992), Deller and Rudniki (1992), or Hayes and Chang (1990), among others. However,the number of studies applying nonparametri tehniques is muh higher inluding, Grosskopfand Hayes (1993), De Borger and Kerstens (1996b), De Borger et al. (1994), Hughes andEdwards (2000), Prieto and Zofío (2001), Balaguer-Coll et al. (2007, 2009), Giménez andPrior (2007), among many others. The hoie of method, however, is not always easy. Assuggested by Berger and Humphrey (1997) when inquiring whether a �best� frontier methodexists, �the lak of agreement among researhers regarding a preferred frontier model at presentboils down to a di�erene of opinion regarding the lesser of evils�. Namely, the parametriapproahes impose a partiular funtional form that presupposes the shape of the frontier,whereas nonparametri methods impose less struture on the frontier but do not allow forrandom error. 7



We hoose the nonparametri FDH method for a variety of reasons. As ommented onabove, this would inlude its muh higher �exibility and its superior asymptoti properties,not only ompared to parametri methods but also ompared to other popular nonparametrimethods suh as DEA�under FDH the onvexity assumption is dropped. Although theminuses of FDH relate to its inability for disentangling random error, some rapid progresshas been made in this �eld in reent times. This would inlude not only the bootstrap, whihallows asertaining whether di�erenes aross observations are statistially signi�ant or not(Simar and Wilson, 1998), but also the emergene of other methods whih are muh moreonsistent with both FDH and DEA than with any other parametri method (Cazals et al.,2002; Daraio and Simar, 2005; Daouia et al., 2008; Daouia and Simar, 2007; Martins-Filhoand Yao, 2008), and hene yielding omparable results.3We an also use some graphial examples to better realize the advantages of using FDHas opposed to DEA�i.e., the advantages of dropping the onvexity assumption. Figure 1depits a senario for �ve muniipalities (A, B, C, D and E). For simpliity reasons, weassume that only one output y is produed (whih is represented in the horizontal axis) whilethe vertial axis represents total osts (TC). In this example, irrespetive of the onvexityassumption, units A, B, C and D appear as e�ient in their respetive sale (say, they aree�ient in the variable returns to sale, VRS, tehnology), while muniipality E is ine�ient,sine it is possible to �nd a less ostly way to produe the output level prodution yE. Thestandard (onvex) VRS ost e�ieny model will show that it is possible to produe yE witha lower total ost than the observed ost for muniipality E (�DEA×TCE < TCE). The oste�ieny oe�ient �DEA will show a value lower than the unity, indiating the perentageof the observed ost to reah the onvex frontier.In Figure 1 it is assumed than muniipalities A and B are operating in a entralizedenvironment (whih we label S1), while muniipalities C, D and E are operating in a de-entralized environment (whih we label S2). In these spei� irumstanes, the onvexityassumption auses a problem beause the point of the onvex ost frontier to evaluate unit
E requires a ombination of units B and C whih ould be unfeasible beause they are sit-uated in di�erent operating frameworks. Under these irumstanes, the appliation of the3There are also some studies (Ferrier and Lovell, 1990) whih ompare the results yielded by di�erenttehniques. In the ontext of loal government this would inlude De Borger and Kerstens (1996a). Althoughin some ases results are similar, in others they hange substantially, but this is usually beause of theassumptions of eah tehnique (Ferrier and Lovell, 1990). Given the reent advanes in the nonparametri�eld, the omparisons would inlude, ideally, the di�erent tehniques in this �eld, omparing DEA and FDHwith more reent proposals suh as the order-m (Cazals et al., 2002) or order-� (Daouia et al., 2008) estimators.We onsider this is a promising area of researh in whih ontributions are yet to appear.8



non-onvex (FDH) ost frontier o�ers a less ontroversial ombination: unit E is ine�ientbeause its total osts to produe yE are higher than �FDH × TCE, a ost referene takenfrom the existene of unit C. In this simple example, it is worth mentioning that part of theost exess [(�FDH − �DEA)× TCE] hinges exlusively on the onvexity assumption.In a previous study Balaguer-Coll et al. (2009) present a methodology to ompare entral-ized (muniipalities with less powers) and deentralized muniipalities (with more powers).The main interest of their proposal was to enable omparison�in a non-onvex framework�of deentralized muniipalities with two referene points on the frontier, namely, one from thedeentralized sub-sample (S2) of muniipalities and the other from the entralized sub-sample(S1).4 Figure 2 depits a hypothetial senario where deentralized muniipalities appear tobe more e�ient than entralized when evaluating unit E. As an be seen, the total ostof loning the entralized muniipality A three times produes the output level yE with aost frontier  × TCE higher than the ost frontier oming from the frontier de�ned by thedeentralized muniipalities (� × TCE) . Summing up, Figure 2 shows the senario wheredeentralization eonomies dominate; under these irumstanes, the ratio between the oste�ieny oe�ients (/�) will be higher than the unity.However, nothing is granted in advane, as the opposite situation ould also prevail. InFigure 3 we an see how the point on the frontier obtained by dupliating muniipality Aan produe yE with smaller total osts than the frontier de�ned by the deentralized mu-niipalities ( × TCE < � × TCE). In this spei� ase, Figure 3 represents an examplewhere entralized muniipalities are operating with a better level of e�ieny with respet tothe deentralized muniipalities. In this irumstane, the ratio between the ost e�ienyoe�ients (/�) will be smaller than the unity.2.1. Temporal analysisThe evaluation proess represented in �gures 1 through 3 has been developed in a previous ar-tile (Balaguer-Coll et al., 2009). We now present a natural extension introduing movementsover time of the frontiers orresponding to both entralized and deentralized muniipalities.Therefore, the question to answer is now di�erent, sine the objetive is to asertain to whatextent di�erenes in ost e�ieny among entralized and deentralized muniipalities are ex-panded or ontrated between two periods t and t+1. In other words, while in Balaguer-Collet al. (2009) a stati piture is presented, we now fous on sequene of movements, whih is4Here we will only present the graphial illustration to o�er an intuitive idea about their proposal. Programs[7℄ and [8℄ in Balaguer-Coll et al. (2009) de�ne the mathematial programs that quantify oe�ients � and .9



more omplex as hanges in time an be generated by a variety of auses.Let us therefore assume that we have data orresponding to two time periods (t and t+1)for the two sub-samples of muniipalities (those operating in a entralized environment, S1,and those others operating in a deentralized system, S2). It is feasible to de�ne an indexevaluating the time evolution of the oe�ients presented earlier as follows:
s2,t+1/�s2,t+1

s2,t/�s2,t
=
s2,t+1/s2,t

�s2,t+1/�s2,t
(1)whose value will be above (below) unity when deentralization eonomies inrease (derease)between periods t and t+ 1, respetively. If nothing hanges, the index equals unity.This temporal index an be deomposed in a similar way to the Malmquist indies (seeCaves et al., 1982; Grosskopf, 2003). In doing so, we an determine the importane of tehnialhange (frontier shifts of between t and t+1), and e�ieny hange (onsidering the movementsin the distane separating the observation under analysis from their respetive frontiers).Allowing for this deomposition involves de�ning two integer programming problems whihombine information orresponding to periods t and t+ 1:

OE(ys2,t+1) = min
�̃,�,z

�̃s2,t+1

s.t. �̃s2,t+1TCs2,t+1 −TCs2,t� ≥ 0,

−ys2,t+1 +Ms2,t� ≥ 0,

zB ≥ �,
−→
1 z = 1,

z = {0, 1},

� = integer,
(2)

and
OEs2(ys2,t+1) = min

̃,�,z
̃s2,t+1

s.t. ̃s2,t+1TCs2,t+1 −TCs1,t� ≥ 0,

−ys2,t+1 +Ms1,t� ≥ 0,

zB ≥ �,
−→
1 z = 1,

z = {0, 1},

� = integer.
(3)
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where y, TC , � and  have been already de�ned and � is an ativity integer vetor denotingthe intensity levels at whih the observation taken as benhmark is onduted; M is a matrixontaining the observed output vetors for the entralized (MS1) and deentralized (MS2)muniipalities; z is an ativity integer vetor having a value equal to one when referring tothe unit taken as a benhmark and having a null value otherwise; and B is a salar with alarge absolute value.Having obtained these new ost e�ieny oe�ients, it is a straightforward proess todeompose the index in order to de�ne the tehnial hange and e�ieny hange omponents:
s2,t+1/�s2,t+1

s2,t/�s2,t
︸ ︷︷ ︸Deentralization eonomies index = s2,t+1/̃s2,t+1

�s2,t+1/�̃s2,t+1

︸ ︷︷ ︸Tehnial hange index (tc)× ̃s2,t+1/s2,t

�̃s2,t+1/�s2,t
︸ ︷︷ ︸E�ieny hange index (ec) (4)The tehnial hange index (tc) quanti�es the observed movements on the frontier ofmore deentralized muniipalities with respet to the hange in the frontier made up of lessdeentralized ones. This index enompasses the relative shifts in best-pratie tehnology,orresponding to the two samples (S1 and S2) under analysis, between periods t and t + 1.A tehnial hange index larger than unity indiates that the best pratie frontier of sub-sample S2 improves more rapidly than that orresponding to sub-sample S1 (i.e., deentralizedmuniipalities go through faster tehnial progress). When the tehnial hange index is belowunity, then the tehnial progress of the S1 sub-sample is higher than the tehnial progressorresponding to the sub-sample S2 (i.e., less deentralized muniipalities experiene fastertehnial progress).One empirial example ould shed light on the preise interpretation of this omponent. Ifdeentralization provides �exibility, and �exibility favors the apaity to innovate in order todo things better over time, then the tehnial hange index is above unity when deentralizedmuniipalities demonstrate to having introdued innovations better than non deentralizedmuniipalities have.In ontrast, the e�ieny hange index (or athing up e�et, ec), shows what the hangesin the relative ost e�ieny levels are, orresponding to the two samples�S1 and S2�underanalysis, between periods t and t+1. This index de�nes the distane of the observed osts forperiods t and t+ 1 with respet to the frontier in period t. It indiates whether observationsin t + 1 are loser to the frontier than they are in period t. When the e�ieny hangeindex is larger than unity, the ost e�ieny hange between periods t and t+1 shows greaterimprovement for S2 (deentralized) sub-sample than for the S1 (less deentralized) sub-sample.11



On the other hand, when the e�ieny hange index is below unity, the distane with respetto the frontier of the sub-sample S1 (less deentralized) inreases more than the distane withrespet to sub-sample S2 (deentralized).Following the example of deentralization as a way to introdue �exibility, the e�ienyhange index is above unity when deentralized muniipalities whih take advantage of their�exibility are able to emulate the best performers faster than non �exible muniipalities. Inother words, non deentralized muniipalities fae a kind of barrier to mobility that limitstheir apaity to adopt innovations.As suggested by Worthington and Dollery (2000), this distintion is important from apoliy viewpoint, sine the hanges in produtivity growth due to ine�ieny demand di�erentpoliies from those onerning tehnial hange (see Grosskopf, 1993). As Worthington andDollery (2000) indiate sluggish produtivity due to a poor e�ieny hange index wouldrequire poliies designed to foster innovations. In ontrast, poliies designed to innovatewould exert its impat on the tehnial hange index.2.2. Bipartite deomposition of the fators a�eting the deentralization eonomiesindexWe now turn to an analysis of the distribution dynamis of the deentralization eonomiesindex, whih is generally more informative than summary statistis suh as the onditionalmean of variane�as it is impliit in regression analysis (Quah, 1996a,b)�, espeially whenmulti-modality is present. Spei�ally, our objetive is to assess the degree to whih eah ofthe three omponents of produtivity hange aount for deforming the distribution of thedeentralization index between 1995 and 2000, and between 2000 and 2005, in a similar fashionas Kumar and Russell (2002). We arry out the analysis by onsidering nonparametri kernel-based density estimates, whih are essentially smoothed histograms of our deentralizationindies.Our deomposition of the fators whih a�et the deentralization eonomies index ispresented in Equation (4). By rearranging terms, we obtain an expression whih provides uswith information for period t+ 1 level of deentralization eonomies:
(s2/�s2)t+1 = tc× ec× (s2/�s2)t (5)where tc = (s2,t+1/̃s2,t+1)/(�s2,t+1/�̃s2,t+1) are the hanges in deentralization eonomies12



due to tehnologial hange (tehnial hange index), ec = (̃s2,t+1/s2,t)/(�̃s2,t+1/�s2,t) rep-resents the hanges in deentralization eonomies due to e�ieny hange (e�ieny hangeindex), and (s2/�s2)t represents the deentralization index in period t. Consequently, both
tc and ec impat on the advane of s2/�s2 . Both the e�et of tc and ec an be measured.The distribution of the deentralization eonomies index in period t+1 an onsequentlybe onstruted by suessively multiplying the deentralization eonomies index in period tby eah of the two fators, i.e., tehnial hange and e�ieny hange. This in turn allows usto onstrut ounterfatual distributions by sequential introdution of eah of these fators.Spei�ally, the ounterfatual t+ 1 period deentralization eonomies index distributionof the variable

(s2/�s2)TECH = tc× (s2/�s2)t (6)isolates the e�et on the distribution of hanges in tehnology only, assuming that e�ienyhange is irrelevant. Therefore, the shift from (s2/�s2)t to (s2/�s2)t+1 would be indued byhanges in tehnology.On the other hand, the ounterfatual t+ 1 period deentralization eonomies index dis-tribution of the variable
(s2/�s2)EFF = ec× (s2/�s2)t (7)then isolates the e�et on the distribution of s2/�s2 of hanges in e�ieny only, as if tehnialhange were irrelevant. Therefore, the shift from (s2/�s2)t to (s2/�s2)t+1 would be induedby hanges in e�ieny only.As indiated above, this analysis is performed by onsidering density funtions estimatednonparametrially using kernel smoothing methods. The literature on this topi is voluminous,and several monographs provide appropriate in-depth analysis. Perhaps the most popular oneis Silverman (1986) although there are other important ontributions suh as Sott (1992) andWand and Jones (1995). The reent monograph by Li and Raine (2007) is a nie ompendiumof previous studies, with new additional ontributions.The general kernel estimator is the Rosenblatt (1956)-Parzen (1962) kernel estimator,whose expression is:

f̂(x) = (Sℎ)−1

S∑

s=1

K
(xs − x

ℎ

)

= (Sℎ)−1

S∑

s=1

K( s) (8)where f̂ is the estimated density, x is the evaluation point, xs is the observation being evalu-13



ated (s = 1, . . . , S) and ℎ is the bandwidth, smoothing parameter or window width.When estimating a density funtion via kernel smoothing methods, two ritial deisionsmust be made: (i) hoosing the kernel; (ii) hoosing the bandwidth. Both a�et the shapeof the density, but the e�et of the seond deision is muh larger ompared with the �rstone and, onsequently, the literature devoted to the seletion of smoothing parameter isvast. Regarding the hoie of kernel, several alternatives are available. The features of akernel are those of a density funtion, and thus, kernels are frequently hosen to be well-known density funtions (Pagan and Ullah, 1999), for example the standard normal K( ) =

(2�)−1/2exp(−.5 2), whih was our hoie. Regarding the bandwidth, the methods that havebeome more widely used are the plug-in methods (Sheather and Jones, 1991), beause oftheir superior performane in terms of balane between bias and variane ompared withother methods. This was our hoie. In addition, they are quite onvenient given that theyare now implemented in several statistial software pakages suh as R.5We an also look at nonparametri tehniques to formally test whether the distributionsobtained in previous setions di�er statistially. Spei�ally, we apply the Li (1996) test,whih analyzes whether two unknown distributions di�er signi�antly. Therefore, if f and gare the distributions orresponding to, let us say, s2,t/�s2,t and s2,t+1/�s2,t+1, the testablenull hypothesis would be H0 : s2,t/�s2,t = s2,t+1/�s2,t+1 against the alternative, H1 :

s2,t/�s2,t ∕= s2,t+1/�s2,t+1.6The test we use is based on the generally aepted idea of measuring the global distane(loseness) between two densities f(x) and g(x) by the integrated squared error (Pagan andUllah, 1999). The integrated square error is the basis for onstruting the statisti on whihthe test is based (see Fan, 1994; Li, 1996; Pagan and Ullah, 1999). The Li (1996) testrequires some assumptions to be met suh as independently distributed observations in eahsub-group, and identially within eah sub-group. However, our estimates are dependentin the statistial sense, sine they have been obtained using linear programming methods.Therefore, perturbations of observations whih lie on the estimated frontier will generallya�et the e�ienies estimated for other observations. Under these irumstanes it is notlear whether the Li (1996) test will perform satisfatorily. Aordingly, we follow Li (1999),who shows that the bootstrap provides better inferene than the standard normal. Simarand Zelenyuk (2006) stress this point, indiating that in the spei� setup of e�ieny soresobtained using linear programming tehniques there is no real alternative to the bootstrap.5Inluded in the pakage KernSmooth, based on Wand and Jones (1995).6Some additional re�nements to this test have been reently proposed; see, for instane Li et al. (2009).14



Therefore, we adopt Simar and Zelenyuk's (2006) proposal based on the bootstrap for adaptingthe Li (1996) test to the ontext of estimates obtained using linear programming methods.Spei�ally, onsistent bootstrap estimates of the p-values of the Li (1996) test in its ownspei� ontext are provided by:
p̂ =

1

B

B∑

b=1

I{Ĵb > Ĵ}, (9)where b = 1, . . . , B is the number of bootstrap repliates, I is an indiator funtion, Ĵ is thestatisti yielded by the Li (1996) test, and Ĵb is the bootstrapped statisti. These p-valuesmust be adapted to our ontext�where the true deentralization indies are replaed by ourestimates from equations (2) and (3).3. Data, inputs, and outputsWe use a sample of 1,164 Spanish muniipalities with a population over 1,000 inhabitants foryears 1995, 2000 and 2005. Although the total number of muniipalities in the database washigher, the �nal number of observations is lower beause we onsider only those muniipali-ties with available information for the three sample years. Both input and output data areprovided by the Spanish Ministry for Publi Administration. The analysis is performed foryears 1995, 2000 and 2005 beause the survey on loal infrastrutures and failities (Enuestade Infraestruturas y Equipamientos Loales), whih provides information on outputs, is onlyavailable for those three periods. Input data has been onstruted from loal governmentbudget information. In this ase the frequeny is higher given that data are available forevery year.The seletion of outputs is based on the servies and failities provided by eah muniipal-ity. Spanish loal governments must provide minimum servies depending on their number ofinhabitants. Some of them are universally provided, yet others are only a legal requirementfor larger muniipalities. These ategories are muniipalities with: (i) less than 5,000 inhabi-tants; (ii) of over 5,000 and less than 20,000; (iii) of more than 20,000 and less than 50,000;(iv) and over 50,000. Our outputs have been seleted aording to the list of minimum ser-vies.7 They inlude population (Y1), number of lighting points (Y2), tons of waste olleted(Y3), street infrastruture (Y4), publi buildings (Y5), market (Y6), publi parks (Y7), and7See Balaguer-Coll et al. (2009) for a detailed desription of the minimum servies that eah ategory ofmuniipalities must provide, and the output indiators designed to measure (or to proxy) the di�erent servies.15



assistane enters (Y8). Outputs Y4 through Y8 are measured via their surfae area, in squaremeters. We thus measure eight servies by means of the proxy indiators. Using proxies isunavoidable sine, as pointed out by De Borger and Kerstens (1996a), population is learlynot a diret output of loal prodution but is assumed to proxy for the various administrativetasks undertaken by muniipalities. The hoie has also been driven by previous studies one�ieny in other European loal governments for whih di�erenes are basially on�ned tothe area of eduation�in Spain it is ontrolled by higher levels of government. An interestingfeature of our database is the inlusion of information on the quality of the infrastruturesand failities. This is measured using an indiator taking the value of 1 (bad), 2 (fair) or 3(good). We have onstruted a weighted indiator of average quality, and it has been modeledas an additional output (Y9).8The hoie of inputs is based on budget information, whih re�ets muniipalities' osts.Three main ategories are inluded: urrent (ordinary) expenditures, apital expenditures,and �nanial expenditures. The �rst ones ontain four further ategories, whih aountfor: (i) personnel expenditure; (ii) urrent goods and servies expenditures; (iii) �nanialexpenditures; (iv) urrent transfers. Capital expenditures are also deomposed, falling intoeither real investments, or apital transfers. The former is what the eonomi budgetarylassi�ation labels as apital expenditures, i.e., all expenditures loal governments implementeither: (i) to produe or aquire apital goods; (ii) to aquire neessary goods to provide loalservies in the right onditions; (iii) �nanial expenditures that are suitable for amortization.Capital transfers refer to the payments to institutions to �nane ertain investments. Sinewe measure overall ost e�ieny, and all inputs refer to di�erent osts' ategories, they havebeen added to sum up the total ost �gure, TC.9 Some summary statistis for both inputsand outputs are reported in Table 1.4. ResultsThe deentralization eonomies indiator should be interpreted as the gains that muniipalitiesobtain over time (between periods t and t+1) from fousing on a wider range of servies andfailities. Summary results are reported in Table 2, and they suggest that, over time�bothfrom 1995 to 2000, and from 2000 to 2005�bene�ts are obtained from a broader range formuniipalities with higher levels of powers, sine most deiles of the deentralization eonomies8The literature has onsidered multiple ways to ontrol for the quality of the outputs. See, for instane,the early proposals by Banker and Morey (1986).9See Balaguer-Coll et al. (2009) for additional details on the inputs and budgetary lassi�ation.16



index distribution present values greater than unity. We provide information for di�erentdeiles of the distribution, sine it permits us to understand more aurately the magnitudeof the deentralization eonomies.10 Globally, these results show that, in relative terms, thetemporal evolution of deentralized (or devolved) muniipalities improves on the ost frontieronstruted with the less deentralized muniipalities. The e�et is not entirely mimiked forthe 2000�2005, when the tehnial hange e�et still prevails yet to a lesser extent. However,the empirial evidene is not enough to onlude whether a lear tendeny exists. Reallthat expression (4) breaks down the deentralization eonomies index into two omponents:the tehnial hange index (movements of the ost frontier) and the e�ieny hange index(hange in the distane separating ine�ieny units from their ost frontier).Table 2 is a good example of the advantages of breaking down global indies, in order todisentangle the extent to whih there are basi phenomena probably masked by exessivelyaggregated indies. Indeed, the tehnial hange index exhibits average values greater thanunity, whih indiates that the deentralized best performing muniipalities have shifted theirrespetive ost frontier more than the less deentralized best performers. On the other hand,as the e�ieny hange index is signi�antly smaller than unity, ine�ient deentralized mu-niipalities have been unable to follow the pae of the innovators. Therefore, the innovationsintrodued by deentralized muniipalities have a remarkable impat on e�ieny, but theyenounter a sort of barriers to mobility, whih hinders the spreading of these innovationsamong deentralized muniipalities.Overall, this is re�eted in that the sope for improving the e�ieny of deentralized mu-niipalities through innovations introdued by the most dynami deentralized muniipalitiesgrew from 1995 to 2000, and to a lesser extent from 2000 to 2005. Regarding the ine�ientunits, one the barriers to mobility are overome, they have a potential growth in e�ienyand emulate the innovations introdued by the most dynami deentralized muniipalities. Insum, innovations produing shifts in the ost frontiers are far more important in deentral-ized muniipalities. The shifts in the frontier, however, are not mehanially translated tothe deentralization index beause there seems to be a problem in the spread of innovations.One the problem of how to disseminate these good praties is solved, the advantage ofdeentralized muniipalities in dynami terms would be unquestionable.We now turn to an analysis of distribution dynamis of the deentralization indies, andfous not only on summary statistis like those reported in Table 1, but on how the entire10For instane, a high average ould be yielded simply beause of the existene of outliers.17



distributions have evolved. Figures 4 through 7 provide the means to assess to what extenteah of the two omponents of the deentralization eonomies index�tehnial hange ande�ieny hange�aount for the deformation of its distribution between the seleted sub-periods and the entire 1995�2005 period. Figure 4.a displays kernel-based density estimates(essentially �smoothed� histograms) of s2/�s2 for years 1995 (t, solid line) and 2000 (t + 1,dashed line). Figure 6.a reports analogous information for the 2000�2005 subperiod. Vertiallines represent mean values for eah distribution in eah �gure, i.e., solid line for the baseperiod, b, and dashed line for the urrent period, c. Both b and c di�er for the di�erent�gures. In Figure 4 and Figure 5 b = 1995 and c = 2000, whereas in Figure 6 and Figure 7,
b = 2000 and c = 2005. These vertial lines suggest that the advanes have been modest and,therefore, we an probably onlude that deentralization eonomies have not improved overtime on average. A more extended graphial analysis onsidering the entire distribution andnot only a summary statisti reveals that di�erenes between both distributions are not veryimportant, and therefore we an probably onlude that deentralization eonomies have notimproved over time. This onlusion applies for the 2000�2005 transition (Figure 6.a and Fig-ure 7.a). However, for the 1995�2000 period (Figure 4.a and Figure 5.a) di�erenes betweenboth densities are peuliar, as we ould onlude they are on�ned to being slightly tighter inyear 2000. The bandwidths for the di�erent densities (obtained using the seond-generationplug-in method by Sheather and Jones (1991)) are reported in the di�erent legends. Not allthe legends have bandwidths, sine some of the �gures are the same.11However, deomposing the evolution of s2/�s2 into its two omponents (tehnial hangeand e�ieny hange) suggests the shift from s2,1995/�s2,1995 to s2,2000/�s2,2000 has beengenerated by two opposite e�ets. Figure 4.b indiates that the fator ontributing positivelyto its advane has been a tehnial hange omponent. The solid line represents the distri-bution in Equation (6), whih isolates the e�et on the distribution of hanges in tehnologyonly, as if no e�ieny hange ourred from 1995 to 2000. Therefore, the �nal (year 2000)distribution would be represented by the solid line. Vertial lines indiate the mean values forboth distributions (s2,1995/�s2,1995 and (s2/�s2)TECH = tc× (s2/�s2)1995, respetively) doindeed di�er substantially, as already reported in Table 1. What Table 1 does not indiate isthat, although the tehnial hange index has inreased to a large extent, dispersion has alsoinreased remarkably, as re�eted by muh more spread probability mass for (s2/�s2)TECHas ompared with s2,1995/�s2,1995. Finally, Figure 4. displays the distribution of s2/�s2 for11Figures and bandwidths obtained by alternative methods are available upon request. Results only di�eredslightly. 18



year 2000 alone, i.e., transition from Figure 4.b to Figure 4. reveals the e�et of e�ienyhange only. The patterns are very similar when evaluating the transitions from 2000 to 2005(Figure 6.b), exept for the existene of ertain bimodality from 1995 to 2000 (Figure 4.b).Therefore, the general trend�indiating that dispersion is muh higher regarding tehnialhange�is orroborated. It is also important to realize the importane of evaluating thesetrends not only via the usual summary statistis (mean and standard deviation) but ratherexamining the shape of the densities. Their analysis is important beause of their peuliarities,showing that the e�et of tehnial hange leads to its �attening, espeially in the viinity ofthe average.Figure 5 and Figure 7 report similar information to that reported in Figure 4 and Figure6, respetively. The main di�erene is ontained in Figure 5.b and Figure 7.b, where the solidlines indiate what the impat is on s2/�s2 of e�ieny hange only, i.e., we isolate the e�eton the distribution of s2/�s2 as if no tehnial hange existed. As indiated by both themean (solid vertial line) and the deformation of the distribution, it is learly detrimental, forboth 1995�2000 (Figure 5.b) and 2000�2005 (Figure 7.b) periods. The deline in the meanvalue is lower than the mean inrease reported in Figure 4.b and Figure 6.b, and insinuatesthat a positive e�et over time ould prevail. However, as shown by Figure 4.a and 5.a, theshapes of the distributions do not seem to di�er a great deal.The onlusions inferred from visually analyzing distributions an be reinfored via appli-ation of the tests proposed in Setion 2 (Li, 1996, 1999; Simar and Zelenyuk, 2006). Theseare reported in Table 3, whih orroborate results in �gures 4 through 7. The p-values ob-tained when testing the null H0 : f [(s2/�s2)b] = g[(s2/�s2)c] indiates that the visualdi�erenes found between distributions in the base (b) and urrent (c) periods are signi�antin all instanes. Therefore, the e�ets of tehnial hange and e�ieny hange onsideredindividually lead to signi�ant hanges in the shape of the densities, sine both of them arestatistially signi�ant at the most stringent signi�ane levels and for all omparisons (either1995 vs. 2000, or 2000 vs. 2005).5. Conluding remarksIn this artile we analyze the links between devolution and e�ieny of Spanish muniipalitiesfrom a dynami perspetive, onsidering the evolution for two periods, namely, from 1995to 2000, and from 2000 to 2005. These are relevant years in whih the Spanish eonomysurged, and when some relevant initiatives for Spanish loal governments took plae. We19



onstrut a methodology based on the (deterministi) frontier prodution funtion literature(Farrell, 1957; Afriat, 1972; Färe et al., 1994). Spei�ally, we derived an indiator à laMalmquist (Caves et al., 1982) whih allows us to measure whether e�ieny gains fromenhaned deentralization of powers have inreased over time. The indiator also deomposesthis time evolution in two omponents with spei� eonomi meanings, in a similar fashionto the Malmquist index whih deomposes produtivity hange into e�ieny hange andtehnial hange.We also onsider a sequential deomposition of the deentralization eonomies indiator inthe spirit of Kumar and Russell (2002). This deomposition allows us to asertain what themost important omponent of the deentralization eonomies indiator is�either the tehnialhange or the athing up omponent. We onsider that this methodology is important sineresults might vary a great deal aross loal governments, and applying this approah generatesresults whih are not based on entral moments of the distribution only. In partiular, resultsshow that the e�et of tehnial hange varies a great deal aross muniipalities, whereasathing up is more homogeneous.The appliation to Spanish loal governments is relevant for several reasons, among whihwe may highlight the debate on the hypothetial bene�ts attainable from a seond deentral-ization (that onsists of transferring powers not only from national to regional but also fromregional to the lowest level of government, i.e., muniipalities), and the response of munii-palities to the new regulatory environment emerging after passing the law on the balanedbudget, whih is related to the European Stability and Growth Pat. Some reent trendsin the eonomy suh as the risis of the onstrution setor make it even more relevant toanalyze the Spanish ase, where powers related to urbanism are in hands of muniipalities.Results show that, over time, bene�ts for larger muniipalities (with more powers) areinreasing, due to the relatively higher magnitude of the tehnial hange ompared to thee�ieny hange index. However, di�erenes are remarkable aross muniipalities�some ofthem perform very well, others trail behind. Deentralization eonomies, whih are the resultof the ombined e�et of tehnial hange and e�ieny hange, have not improved on aver-age, and this result is robust to the period under analysis�either 1995�2000 or 2000�2005.In ontrast, e�ieny hange is lower, but di�erenes among muniipalities are less stringent,ontributing positively to redue disrepanies among muniipalities in the deentralizationindex. These �ndings ould be related to the trend experiened in most publi setor areasbefore Spain's eonomy joined the Euro, whih followed the stipulations of the Maastriht20



Treaty on the sustainability of the government's �nanial position. The ommitments ofMaastriht brought about a poliy of de�it ontrol, boosting the demand for more e�ientgovernment and publi administration, and a �White paper on the improvement of publiservies. A new administration at the servie of itizens� was released in 1999. These wereinitiatives to reform publi administration, introduing many of the spei� hanges in man-agement pratie, inluded in the New Publi Management (NPM) (Pollitt, 2002) reipe, butwithout being able to set o� systemi hanges. Thus, although Spain has implemented manyof the ingredients of the NPM, there are still few visible bene�ts. Our �ndings, indiatingthat remarkable di�erenes exist between muniipalities, orroborate these laims. They alsoon�rm that trends di�er for the two sample periods onsidered, although only slightly.In line with the impliations pointed out by Worthington and Dollery (2000), our resultsshow tehnial progress together with negative e�ieny hange. This means that spei�deentralized muniipalities (those that operate e�iently) might be innovating and takingadvantage of their new management praties. However, during the period we analyze thespread of innovations does not our at the same pae (this duality is more evident in theperiod 1995�2000 than in 2000�2005). The improvement in the level of deentralized munii-palities' e�ieny will therefore depend more on the spread of existing innovations to ine�ientmuniipalities�a kind of ontagion from the innovators to the ine�ient followers�than onthe searh of new experienes. This proess an be reinfored by disseminating among loalgovernments those reforms that were introdued and have shown positive results.
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Table 1: Summary statistis for inputs and outputs, year2005)Inputs Median Std.Dev.Total ostsa,b (TC) 669.999 441.280OutputsPopulation (Y1) 3,290.500 8,935.361Number of lighting pointsb (Y2) 0.233 1.355Tones of waste olleted (Y3) 0.467 34.985Street infrastruture surfae areab, (Y4) 51.966 41.255Publi buildings surfae areab, (Y5) 0.028 1.784Market surfae areab, (Y6) 0.002 3.077Registered area of publi parksb, (Y7) 3.373 204.229Assistane enters surfae area b, (Y8) 0.170 0.766Quality (Y9) 2.283 0.315# of observations 1,164
a In thousands of 1995 pesetas (1 euro=166.386 pesetas).
b Divided by population.
c In square metres.
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Table 2: Perentage hange of bipartite deomposition indexes, seleted deilesIndex 10% deile 30% deile 50% deile 70% deile 90% deile(median)1995�2000Change in deentralization eonomies 52.05 76.92 96.03 124.10 228.77Tehnial hange 77.71 107.08 142.20 186.23 311.24E�ieny hange 29.73 52.78 70.11 93.01 153.802000�2005Change in deentralization eonomies 34.49 71.59 89.51 113.07 162.87Tehnial hange 48.65 86.07 112.98 153.77 270.30E�ieny hange 39.25 60.95 80.76 100 128.18
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Table 3: Distribution hypothesis tests, 1995 vs. 2000 vs. 2005 (Li, 1999; Simar and Zelenyuk, 2006)Null hypothesis (H0) T -teststatistis p-value One-perentsigni�ane level1995 vs. 2000
f [(s2/�s2 )1995] = g[(s2/�s2)2000] 3.827 0.002 H0 rejeted
f [(s2/�s2 )1995] = gTECH [tc× (s2/�s2)1995] = g[(s2/�s2)TECH ] 6.854 0.000 H0 rejeted
f [(s2/�s2 )1995] = gEFF [ec× (s2/�s2)1995] = g[(s2/�s2)EFF ] 20.488 0.000 H0 rejeted2000 vs. 2005
f [(s2/�s2 )2000] = g[(s2/�s2)2005] 5.717 0.000 H0 rejeted
f [(s2/�s2 )2000] = gTECH [tc× (s2/�s2)2000] = g[(s2/�s2)TECH ] 20.178 0.000 H0 rejeted
f [(s2/�s2 )2000] = gEFF [ec× (s2/�s2)2000] = g[(s2/�s2)EFF ] 14.700 0.000 H0 rejetedNotes: The funtions f(⋅) and g(⋅) are (kernel) distribution funtions for the atual deentralization eonomiesindex in the urrent and base period, respetively; gTECH(⋅) and gEFF (⋅) are ounterfatual distributions obtainedby adjusting the 1995 distribution of (s2/�s2) for the e�ets of advanes in tehnology (tc) and advanes ine�ieny (ec), respetively.
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Figure 1: DEA vs. FDH frontier
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Figure 2: Senario 1. Deentralized muniipalities more e�ient than entralized munii-palities
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Figure 3: Senario 2. Centralized muniipalities more e�ient than deentralized munii-palities
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