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Abstract

In this sudy the nature and extent of efficiency and productivity growth in Audtrdian locd
government is investigated usng nonparametric frontier techniques. Employing Mamaquist
indices, productivity growth is decomposed into technicd efficiency change and
technologica change for two important local government functions, namely, domestic waste
management and recycling services, and planning and regulatory services. The results
indicate that there was little or no productivity growth a the frontier during the period in
question, dthough there was subgtantid improvement in the rdative efficiency of nearly dl
councils in both functions. That productivity growth which did occur gppears largely due to
an increase in efficency over the period, with improvements in scale efficiency dominating
for larger, urban developed councils, and improvements in technica efficiency being notable
for smdler, rurd agriculturd councils.
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An Empirical Analysisof Productivity Changein
Australian Local Government, 1993/94 to 1995/96

1. Introduction

Beginning with the Campbel Report in 1981, microeconomic reform of the Audrdian
economy has dominated the policy agenda for amost two decades. But the actud
implementation of reformist policies has been by no means easy nor evenly spread across
the economy. In its 1996 Socktake of Progress in Microeconomic Reform the
Productivity Commission (1996: 28) summarised the nature of Audtrdian microeconomic
reform asfollows

Despite sgnificant achievement, progress in reform has not been uniform ether

across sectors or across government jurisdictions. In some aress, reforms has

been comprehensive. In others, it has barely started or has proceeded at a

frugratingly dow pace, leaving much unfinished busness. Some States have

advanced further and faster than others. While the States are lagging in some

aress, in others — such as indudtrid relations reform and privatisation — some

have progressed further with market-oriented reform than has the

Commonwedth.
In the public sector, the pace of reform has been paticularly uneven. In generd, it is
reasonable to argue that microeconomic reform has dready had a substantial impact on the
management of the Commonwedth public service. Moreover, it has dso had sgnificant
effects on the operations if most State bureaucracies, especidly in Victoria However, the
microeconomic reform process is much less advanced in loca government. Despite the fact
that only about 4 percent of tota government revenues and around 5 percent of tota
government outlays occur in Audrdian locd government (Productivity Commission 1996:
175), municipdities neverthdess spent in excess of $10.5 hillion and employed some
156,000 people (Johnstone 1995: 13). Accordingly, considerable gains would flow from the
comprehensive reform of local government in Audtrdia. This has widdly been recognised by
commentators on the reform debate. For example, the then Commonweath minister for
Loca Government, Warwick Smith (1996: 1) argued in his address to the Nationd Generd

Assembly of Audraian Loca Government Associations on 3 December 1996 that:



All governments must anticipate and react to continua change and respond to
risng pressures from the community, business and government sectors to
improve efficiency and effectiveness of their services. Locd government is no

exception.
The present paper is concerned with the empiricd assessment of local government
performance in the Audrdian state of New South Wales over the period 1993/94 to
1995/96. Traditional approaches to productivity measurement have generdly assumed that
observed output is best-practice or frontier output. Accordingly, productivity growth, as
measured by either partid productivity or total factor productivity indices (an index of output
divided by an index of tota input usage), is synonymous with technical progress (or shiftsin
the technology boundary). However, in a world in which inefficiency exids, totd factor
productivity can no longer be interpreted as technica change unless there is ether no
technicd inefficiency or unless technica inefficiency does not change over time. If these
conditions do not hold, then total factor productivity is redefined as the net effect of changes
in efficency (or movements rdative to the exiding frontier) and shifts in the production
frontier (or technica change). This digtinction is important from a policy viewpoint, snce
changes in productivity growth due to inefficiency suggest different policies to those
concerning technical change (Grosskopf 1993: 169). For example, dow productivity growth
due to inefficiency may be due to inditutiond barriers to the diffuson of innovations. In this
case, policies to remove these barriers may be more effective in improving productivity than

those aimed at innovation per se.

These issues are epecidly important given the pace of microeconomic reform in Austrdian
locdl government. Undoubtedly, reform per se and the anticipation of reform has affected
the sector’s choice of input and output volumes. However, little is known about the effect of
these reforms on productivity growth, and even less about the spread of productivity levels
across the sector. By comparing annud changes in the productivity of individud coundils, it
is possible to both identify generd trends in the productivity of locd government as awhole,
and to identify individua councils exhibiting patterns of change in productivity that differ from
the rest of the sector. A careful andysis of the results should add to our knowledge about
the factors determining the pattern of local public sector productivity in Audrdia and

provide at least some idea of the effectiveness of microeconomic reform.



The paper itsdf is divided into four main sections. Section 2 focuses on the theoretica
background to Mamaquist indexes of productivity and technica change. Section 3 dedls with
the specification of inputs and employed in the evauation of technical efficiency and technica
change in two kinds of loca public services in NSW loca government, namely domestic
waste management and recycling services, and planning and regulatory services. Section 4
presents the resultant indices of productivity, efficiency and technical change and assesses
their Sgnificance. The papers ends with some concluding remarks in the find section.

2. Malmquist indexes of productivity and technical change

The framework employed in the current sudy can be illustrated by Figure 1 following Fare
et al. (1990; 1993), Hjamarsson and Vederpass (1992), Berg, Forsund and Jansen
(1992), and Price and Weyman-Jones (1996). In this diagram, a production frontier
representing the efficient level of output (y) that can be produced from a given leve of input
(x) is congructed, and the assumption made that this frontier can shift over time. The
frontiers thus obtained in the current (t) and future (t+1) time periods are labelled
accordingly. When inefficiency is assumed to exid, the relative movement of any given
council over time will therefore depend on both its pogition relétive to the corresponding
frontier (technicd efficiency) and the pogtion of the frontier itsdf (technica change). If
inefficiency is ignored, then productivity growth over time will be unable to diginguish
between improvements that derive from a council ‘catching up’ to its own frontier, or those

that result from the frontier itsalf shifting up over time.



Figure 1. Madmquigt index and productivity changes over time
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Now for any given council in period t, say, represented by the input/output bundle z(t), an
input-based measure of efficiency can deduced by the horizonta distance ratio ON/OS. That
iS, inputs can be reduced in order to make production technicaly efficient in period t (i.e.
movement onto the efficient frontier). By comparison, in period t + 1 inputs should be
multiplied by the horizontal distance ratio OR/OQ in order to achieve comparable technical
efficiency to that found in period t. Since the frontier has shifted, OR/0Q exceeds unity, even
though it istechnica inefficient when compared to the period t + 1 frontier.

It is possble usng the Mamquist input-based productivity index to decompose this tota
productivity change between the two periods into technica change and technica efficiency
change. An input-based productivity index is used gnce it is generdly argued that an input-
orientation is congstent with the notion that local government outputs are largely given and
the focus is on reducing inputs (proportionately) as much as possible, given technology.
Fare, Grosskopf, Lindgren and Roos (1993) have calculated these input-based Mamaquist
productivity measures for a sample of (government-controlled) Swedish pharmacies. Berg,
Forsund and Jansen (1991) have dso employed an input-orientated approach to anayse the
effects of deregulation in Norwegian financial services. And Fare, Grosskpf, Yasawarng, Li
and Wang (1990) applied Mamquist input-based productivity messures to evauate



productivity growth in lllinois utilities. Following Fare, Grosskopf and Lovel (1994), the
input-based Mamaquigt productivity change index may be formulated as.

Mt+1(yt+1 Xt yt Xt) _ éD:(yt+l,Xt+1) , Drﬂ(yt+1,xt+1)'~:’%
I , Yo S D,‘(yt,xt) D|+1t(yt’xt) H
«y

where the subscript | indicates an input-orientation, M is the productivity of the most recent

t+1

production point (x"**, y*) (using period t + 1 technology) relative to the earlier production
paint (x', y) (using period t technology), and al other variables are as previoudy defined. A
value grester than unity will indicate pogtive total factor productivity growth between the
two periods. Following Fare, Grosskopf, Lindgren and Roos (1993) an equivaent way of

writing thisindex is
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where M (the Mamaquist total factor productivity index) is the product of a messure of
technical progress P (the two ratios in the square bracket) as measured by shifts in the
frontier measured a period t + 1 and period t (averaged geometricaly) and a change in
efficency E over the same period (the term outside the square bracket).

In order to calculate these indices it is necessary to solve severd sets of linear programming
problems. Since the input distance function is equd to the reciprocd of the Farrdl input-
orientated measure of technica efficiency for each council, we compute four separate input
distance functions. The first two LPs are where the technology and the observation to be
evaluated are from the same period, and the solution vaue is less than or equa to unity. The

second two LPs occur where the reference technology is constructed from data in one



period, whereas the observation to be evauated is from another period. Assuming constant
returns-to-scale to start with, the following input-orientated L Ps are used:
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This gpproach can be further extended by decomposing the congtant returns-to-scae

(8)

technicd efficiency change into scae efficiency and pure technicd efficiency components.
This involves cadculaing two further linear programs where the convexity congtraint N1'| =1
is introduced to programs (5) to (8). Using these models, and the Fare et al. (1994)
approach, it is thus possible to provide four efficiency/productivity indices for each firm and
a measure of technical progress over time. These are: () technicd efficiency change (i.e
reldive to a CRS technology); (ii) technologica change; (iii) pure technicd efficiency change
(i.e. rdedive to a VRS technology); (iv) scde efficiency change and (v) totd factor
productivity (TFP) change.

3. Specification of inputs and outputs

The data used in this sudy conssts of annual observations of New South Wales locd
governments. All data is sourced from the NSW Department of Loca Government. The
time period sdlected is 1993/94 to 1995/96. The GDP deflator is used to deflate the



monetary variables from 1994/95 and 1995/96 to 1993/94 prices. A more extensive set of
time-series data would, of course, be more vauable. For example, much microeconomic
reform in NSW has been implemented after 1995/96, and the last sgnificant round of
gructura reform occurred in the 1970s. Unfortunately, 1993/94 was the first year in which
locad government accounts were prepared in accordance with the externa reporting
requirements of AAS27 Financial Reporting by Local Government and the requisite data
for 1996/97 is not scheduled for release until late in calendar year 1998.

For the purposes of this study, two functions of local government are selected in order to
evauate technicd and technica efficiency changes in locd public services. These are: ()
domegtic waste management sarvices, and (i) planning and regulatory services. The
rationale for sdecting these sarvices is thregfold. First, these services are provided by the
maority of NSW local governments. Ninety-seven percent of councils provide waste
management services of some form, and dl councils provide planning and regulatory
sarvices. Furthermore, these services are among some of the most important functions
performed by loca governments in Audtrdia. For example, the NSWDLG (1997: 28) has
argued that “measuring the productive efficiency of the loca approvas system is a necessary
element in improving customer service, urban planning, economic, socid and environmentd
outcomes’ while the waste management services ordinarily provided by loca councils
(induding waste minimisation drategies, collection and recycling services and landHill
disposal facilities) are an important influence upon overdl environmenta management
performance (NSWDLG 1997). Second, the requirement to provide these services is
normaly imposed upon loca councils, and outputs tend to be largely homogeneous, both in
terms of quality and gppropriateness (through minimum hedth standards, building codes,
etc.). This enables the vectors of inputs and outputs to be kept relaively straightforward,
especidly asthe focusis on sector-wide technica and technicd efficiency changes.

Finally, the operation of these services has been one of the areas of interest for recent efforts
a microeconomic reform. For instance, waste management services is one of the most
frequently contracted-out services in local government. As discussed earlier, a number of
legidative and adminidrative changes have dso occurred which are likely to affect
productivity in this function. These include the focus of regiond organisations of councils



(ROCs) on regiona waste management issues, and recent efforts at waste minimisation, as
legidated by the NSW date government. Likewise, locd governments planning and
regulatory function has aso been the subject of recent attention. For example, severd
regiona organisations have concluded mgor projects on benchmarking and best-practice in
locd building and planning gpprovd processes, and legidative reviews in hand ae
concerned with the introduction of new planning controls, the integration of approvas with
related legidation, and the darification and consolidation of existing planning controls. The
question arises to whether efforts at promoting commercidisation in some of these services,
the solitting of these functions into autonomous business units, and pressures for
adminigretive reform have prompted productivity improvements. Descriptive Statistics for
waste management services are detailed in Table 1, whilst those for planning and regulatory
services may be found in Table 2.

Domestic waste management services

The input vector for the waste management services function conssts of a sngle input, total
collection expenditure (x;). This measure captures most of the expenditures directly related
to the domestic waste management activities of councils. The outputs are fourfold: () the
total number of collection services ;1) (weekly); (ii) the amount of recyclable materia
collected (y»); (iii) the amount of domestic waste collected (ys); and (iv) the implied rate of
recyding (ys). As discussed earlier, ardatively efficient council will maximise the quantity of
collection services and the amount of garbage and recyclable materid collected, relative to
the level of collection expenditure.
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Table 1 Descriptive statistics, waste management services 1993/4—-1995/96

Collection  Number of Recyclables  Garbage
expenditure  services collected collected

(tonnes) (tonnes)

1993/94

Mean 932309 13499 1453906 13818152
Standard deviation 1316809 17010 2326711 17158433
Lowest quartile 70961 1298 0 1550000
Next to lowest quartile 291000 4843 220000 7142200
Next to highest quartile 1298060 19534 2293000 18400000
Highest quartile 7429648 68500 12157000 74270000
1994/95

Mean 1006744 13781 1915886 13025907
Standard deviation 1418211 17329 3108139 15931045
Lowest quartile 75769 1255 0 1453560
Next to lowest quartile 299000 6072 250000 7300000
Next to highest quartile 1326000 17848 2548420 19567190
Highest quartile 6183951 70079 16999491 67836000
1995/96

Mean 1082917 14538 2264754 12880255
Standard deviation 1492752 20648 3404026 17049178
Lowest quartile 77494 1307 6200 1235880
Next to lowest quartile 291000 5151 370400 6662000
Next to highest quartile 1516000 18617 3503421 16351500
Highest quartile 6093895 142407 16802000 87600000

Of course, a large number of factors thought to affect the efficiency of this service are
excluded from the andysis. Other possible influences include the Size of garbage container
and frequency of collection, the type of recycling service in operation (i.e. tub, recycling
facility, kerbsde sorting), the disposal facilities available and the distance to these facilities
(i.e. council tip, transfer station, landfill), and the use of contract labour (NSWDLG 1998).
As we have seen, ignoring these ‘environmentd’ varigbles may influence efficiency
measurement. However, the gpproach sdected is consistent with smilar studies alowing for
technical inefficiency and technological progressiregress [see, for example, Berg, Farsund
and Jansen (1992), Fukuyama (1995), and Price and Weyman-Jones (1996)], especidly
where the pand of data is for a ratively short period. Smilarly, Orme and Smith (1996:
73) have identified that the likelihood of endogeneity biasin public sector gpplicationsis very
high when using DEA-based measures over time:

[W]henever measures of the output of public sector activity receive public

attention, there is a strong possibility there will be a feedback from the achieved

output to the resources devoted to the activity ... particularly for units with very
low levels of the endogenous resource.
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Nevertheless, audited data of the type necessary to detect if such ‘feedback’ has occurred
over the period in question is currently not available.

Planning and regulatory services

The inputs and outputs used in measuring the productivity of loca governments planning
and regulatory function are provided in Table 2. The inputs sdlected are planning and
regulatory expenditure ;) and legd expenditure related to the planning and regulatory
function (xz). The latter input has been a subject of particular atention in recent years,
epecidly after the Public Accounts Committee of the New South Wales Parliament
expressed a concern about the high level of legd expenses incurred by councils. One
problem that was identified by the Committee according to the NSWDLG (1997: 32) was.
[T]he preparedness of a number of councils to shdve their planning
management duties by encouraging any planning issue that might involve some
controversy to be settled in the Land and Environment Court. Elected members
were seen as making decisons without reference or concern to the costs
thereby incurred by both their council and the applicant ratepayer.
The outputs sdlected for the analys's are twofold: §) the number of building applications
(BAs) determined (y1), and (ii) the number of development gpplications (DAS) determined
(Y2) (where joint gpplications are determined they are treated as separate BAs and DAS).
Generdly, the processng of these gpplications are the primary focus of atention for
councils planning and regulatory function. Nonetheless, in common with the inputs and
outputs selected for waste management services, a number of problems arise. One problem
is that a dimenson of performance ignored in these outputs is the speed a which
gpplications are processed, especidly since there has been a recent focus on “some of the
operationd features of the gpplication and assessment process including fast-track
mechanisms, mandatory pre-lodgement meetings, dternative disoute resolution and
improved tracking and reporting on individud applications’ (NSWDLG 1997: 28).
However, whilgt information concerning mean and median turnaround time for both BA and

DA applications was available for 1995/96, it was not collected in previous years.

Similarly, there a number of other factors thought likely to affect efficiency in the planning
and regulatory function that have been excluded due to alack of rdiable data. These include
the nature and complexity of goplications, the number of planning and regulatory aff, the

12



degree of community consultation and natification, the level of planning and regulatory
activity, the extent of referrd (internd and externd), and the level of scrutiny gpplied to
ingpections (NSWDLG 1997: 31). Findly, dthough planning and regulatory services are
amos most universdly offered by loca governments in NSW, there are a number of
councils where information was not accurately collected over the three years in question (as

is aso the case with waste management services).

Table 2 Descriptive statistics, planning and regulatory services 1993/4-1995/96

BAs DAs Lega Other
processed processed expenditure  planning
(planning)  expenditure

1993/94

Mean 1189 445 90832 1065567
Standard deviation 1099 349 115214 1110432
Lowest quartile 407 201 0 280293
Next to lowest quartile 832 A7 37307 700329
Next to highest quartile 1371 593 137870 1474000
Highest quartile 5083 1760 537440 5479000
1994/95

Mean 1173 445 120689 1371801
Standard deviation 1088 330 214820 1331754
Lowest quartile 401 180 0 397250
Next to lowest quartile A2 345 42453 831820
Next to highest quartile 1373 1 114944 1866465
Highest quartile 5292 1867 1413000 5910000
1995/96

Mean 1062 407 132083 1372162
Standard deviation 979 347 185453 1310801
Lowest quartile 345 179 0 398027
Next to lowest quartile 804 29 65917 855000
Next to highest quartile 1275 538 152915 1974386
Highest quartile 4450 1734 890107 6101420

Accordingly, the actud number of councils to be included in caculating the reference
technology changes, and the number of separate linear programs needed to cdculate the
Mamaquist input-based productivity indices varies across the two functions. Information on
waste management services for each of the three fiscd years is provided by 148 councils
(N), s0 that the number of separate linear programs to be calculated over the 3 time (T)
periods is equal to N ~ (4T-2) or 1480 separate LPs. Information on planning and
regulatory servicesis generated by 98 councils, so the number of separate LPs s reduced to
980. For the two local government functions together, 2460 separate linear programs are
required.
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4. Empirical results

In the previous section, we defined Mamquist indices of productivity growth reative to a
reference technology. Mamaquist indices for the period 1993/94 to 1995/96 are presented
below for waste management services in 147 local government councils, and for 98 councils
in terms of planning and regulatory services. The Mamauist index averages for each firm
over the entire period are geometric means of the indices computed for each of the sample
years. Usng this information, three primary issues are addressed in our computation of
Mamquist indices of productivity growth over the sample period. The firg is the
measurement of productivity change over the period. The second is to decompose changes
in productivity into what are generdly referred to as a ‘catching-up’ effect (efficiency
change) and a ‘frontier shift’ effect (technologica change). In turn, the ‘catching-up’ effect is
further decomposed to identify the man source of improvement, through ether
enhancements in technica efficiency or increases in scde efficiency. Findly, we test whether
differences in the various indices for different types of councils have gatistica significance.
This usualy necesstates the use of nonparametric datistical methods, athough some
conventiona parametric statistical tests are also reported.

Domestic waste management services

We begin by looking a the changes in productivity, efficiency, and technology for waste
management services in the period 1993/94 to 1995/96. Inputs were specified in terms of
total collection expenditure, and outputs in terms of the number of services, the volume of
garbage and recyclable materid collected, and the implied rate of recycling. No adlowance
was made for contextud factors (or nondiscretionary factors which may influence council
waste management sarvices). In Table 3 descriptive satigtics of the indices of total factor
productivity growth (TFP), efficiency change (EFF), and technologica change (TEC) across
groups of loca governments and the state are presented. lindices by council for each of the
three years are detalled in Appendix 10. The groups are based on the NSWDLG's
groupings of councils for comparaive performance. These combine severd of the dze
gradations found in the conventiond ACLG classfication. For example, Group 2 is
composed of medium (population from 30,001 to 70,000) and smal-sized (population up
to 30,000) metropolitan developed councils, whereas Group 3 includes the large
(population from 70,001 to 120,000) and very large (population over 120,000) sub-

14



categories. As indicated, there was a mean decrease in total factor productivity in waste
management services of 2.99 percent for the period ending 30 June 1995. Given that the
Mamquigt index of productivity change (TFP) is a multiplicative composite of efficiency
(EFF) and technological change (TEC), the major cause of productivity improvements can
be ascertained by comparing the vaues of the efficiency change and technologicd change

indexes.

Table 3 Waste management productivity by group, 1993/94 — 1995/96

Group Index Mean  Standard Minimum Maximum Group Mean  Standard Minimum Maximum

deviation deviation
1 TFP 1.8380 0.0000 1.8380 1.8380 7 0.9441 0.0914 0.7480 1.0080
EFF 2.0410 0.0000 2.0410 2.0410 1.1946 0.1058 0.9600 1.2650
TEC 0.9000 0.0000 0.9000 0.9000 0.7899 0.0132 0.7760 0.8100
2 TFP 0.9281 0.2034 0.4840 1.2560 8 0.9970 0.2192 0.8420 1.1520
EFF 11527 0.2607 05700 1.5880 1.2370 0.2899 1.0320 1.4420
TEC 0.8071 0.0170 0.7760 0.8490 0.8075 0.0120 0.7990 0.8160
3 TFP 1.0184 0.1650 0.7840 1.3950 9 0.9152 0.2893 0.4670 1.6020
EFF 1.2762 0.1953 0.9910 1.6860 1.1898 0.3683 05770 2.0000
TEC 0.7975 0.0235 0.7540 0.8310 0.7744 0.0943 0.6050 0.9350
4 TFP 1.0096 0.2255 0.6080 1.5020 10 0.9393 0.2614 0.3500 14740
EFF 1.2799 0.2578 0.8500 1.9070 1.1939 0.3458 0.4810 2.0230
TEC 0.7886 0.0707 0.6160 0.8960 0.7920 0.0846 0.6520 0.9240
5 TFP 1.1380 0.2677 0.8030 1.4240 11 0.9856 0.2308 0.7520 15550
EFF 1.3860 0.3335 0.9630 1.7540 1.3737 0.3345 0.9370 2.2320
TEC 0.8223 0.0155 0.8060 0.8370 07221 0.0634 0.6100 0.8030
6 TFP 0.9393 0.1106 0.8410 10590 State 09701 0.2445 0.3500 1.8380
EFF 11713 0.1535 1.0630 1.3470 1.2397 0.3068 0.4810 2.2320
TEC 0.8030 0.0252 0.7860 0.8320 0.7853 0.0709 0.6050 0.9350

Notes: Groups as follows (ACLG categories): (1) UCC; (2) UDM, UDS; (3) UDV, UDL; (4) URM, URS; (5) URL,
URV; (6) UFM, UFS; (7) UFV, UFL; (8) RAS; (9) RAM, RSG; (10) RAL; (11) RAV. TFP —total factor productivity,
EFF — technical efficiency, TEC —technological change. Malmquist index averages are geometric means.

Put differently, the productivity losses described can be the result of efficiency decreases,
technologica regresses, or both. In the case of waste management services, the overal
decline in productivity over the period is composed of an average efficiency increase
(movement towards the frontier) of 23.97 percent, and an average technologica regress
(downward shift of the frontier) of 21.47 percent. However, these figures serve to obscure
very different results across a number of the groups of loca governments. For instance, for
groups dassfied as ‘urban’ (including metropolitan, regiond and fringe councils), there was
an average positive increase in total factor productivity over the period in question.
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Table 4 Waste management productivity characteristics, 1993/94 — 1995/96

Group Number Productivity Efficiency Source of efficiency ~ Technological
Gain Loss Increase Decrease Technical  Scale  Progress  Regress

1 1 1 1 1 1
2 19 9 10 14 5 19 19
3 13 7 6 12 1 13 13
4 28 12 16 25 3 12 16 28
5 4 3 1 3 1 1 3 4
6 3 1 2 3 3 3
7 7 2 5 6 1 1 6 7
8 2 1 1 2 2 2
9 31 9 2 21 10 27 4 31
10 25 9 16 21 4 16 9 25
1 14 5 9 12 2 5 9 14

State 147 59 83 120 27 65 82 147

Notes: Groups as follows (ACLG categories): (1) UCC; (2) UDM, UDS; (3) UDV, UDL; (4) URM, URS;
(5) URL, URV; (6) UFM, UFS; (7) UFV, UFL; (8) RAS; (9) RAM, RSG; (10) RAL; (11) RAV.

These differences can be emphasised with reference to the characterigtics of the waste
management productivity growth indices contained in Table 4. As we can see, no council
experienced technologica progress over the period 1993 to 1996. However, 59 councils
(or some 40 percent) experienced an overdl gain in tota factor productivity. In part, the
overdl gain in productivity can be atributed to the strong efficiency improvements of 120
councils (or nearly 82 percent). For the larger councils (Groups 1 to 7) these efficiency
improvements have largely been the result of improvements in scae efficiency, while for
sndler councils (largey rurd) these have generdly come from improvements in pure
technicd efficiency. For example, al councils categorised as ‘urban developed’ had an
efficiency gain between 1993 and 1996 in waste management services, and for dl councils
this was largdy the result of incresses in scae eficiency. Conversdly, for councils
categorised as e@ther ‘rurd agriculturd’ or ‘rurd sgnificant growth’, the primary source of
efficiency change was the result of technica improvements, athough for 13 percent of those
councils having an efficiency gain, the primary influence was a scde effect.

Usng the Kruskdl-Wadlis (one way analysis of variance) test, an effort was made to
determine whether the frontier shift and catching-up effects differed Satisticdly across loca
government groups. While there are no precedentsin loca public sector services for testing
changesin Mamaquist indices on this bads, severd comparable sudies in other industries

16



have employed these techniques. For example, Price and Weyman-Jones (1996) have used
nonparametric Kolmorogov- Smirnov tests for the purposes of andysing Mamaquigt indices
in the privatised U.K. gasindustry, and Fukuyama (1995) used Spearman’s rank correlation
for measuring efficiency and productivity growth in Japanese banking. The tet for efficiency
change using the Kruskal-Wallis test gtatistic [KW = 9.900 ~ ¢*(10)] fails to reject the null
hypothesis of equal means. However, the test for technologica change KW = 17.446 ~
c?(10)] is asymptoticaly significant at the .10 level. Similar results are obtained for Kruskall-
Wialis tests with the null hypothesses of equa medians for efficiency [KW = 9.976 ~
¢%(10)] and technical change [KW = 20.369 ~ c%(10)]. This would suggest that athough
changes in effidency are fairly uniform across the sample, there are satidticaly sgnificant
differencesin the frontier shift effects. In order to further investigate this possibility, groups of
councils based on the broader ACL G classification are compared on the basis of the Mann-
Whitney and Kolmogorov-Smirnov nonparametric test atigtics. The null hypothesis in the
fird indance is tha the indices are equivadent in location, while in the second the null
hypothesis is that the groups are equivdent in the shape and location of the efficiency
digtribution. On this basis, it was found that urban developed councils (Groups 1 to 3) have
aggnificantly different digribution of frontier shift effects, whereas rurd agriculturd councils
(induding rurd councils with sgnificant growth) differ datigticaly in terms of totd factor
productivity change. Findly, the didributions of totd factor productivity, efficiency, and
technica change, dong with loca government area population, are compared on the basis of
correlation. Corrdation matrices for the Spearman and Kendall rank correlation indexes are
detalled in Table 5. The man finding is that reaive higher changes in tota factors
productivity over the period can be attributed mainly to improvements in efficiency, and that
these are closaly corrdated with larger councils (in terms of population). Smilar results are
obtained usng an ANOVA table. However, the results dso indicate that there is a Sgnificant
negetive rank correlation between technologica change and efficiency improvements.
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Table 5 Waste management correlation coefficients, 1993/94-1995/96

Fpearman rank correlation
TFP -
EFF  0.912%** -

TEC 0.188**  -0.150* -

POP 0.159** 0114 0.04 -
Kendall rank correlation

TFP -

EFF  0.763*** -

TEC  0.130*** -0.109** -

POP 0.112** 0.079 0.046 -

TFP EFF TEC POP

Notes: TFP- total factor productivity, EFF-
technical efficiency, TEC-technological change;
Asterisks indicate significance (one-tailed) at the *
—.10, ** —.05and *** — .01 level.

The results show that productivity has increased in loca governments waste management
function for a large number of councils over the period 1993/94 to 1995/96. Thisis largdy
due to industry wide increases in efficiency. However, the productivity improvements and
the source of the efficiency change vary subgtantialy across the sample. For example, larger
councils tended to exhibit greater efficiency gains over the period, and these could be mainly
atributed to improvements in scale efficiency. Conversdy, for the smdler councils which
experienced an efficiency increase, the primary source gppeared to be improvements in
technical efficiency. Despite this, councils as a whole experienced, on average, a fdl in
productivity of some three percent, and this is largdly atributable to a contraction in the

production frontier for waste management services.

Severd possble influences on the degree of technologicd regress are hypothesised, dthough
these are empiricaly untestable at the present time given the lack of suitable data One
reason is that the volume of domestic waste and recyclable materids collected is currently
experiencing a generd decline on a per service bass (NSWDLG 1998: 20). This reflects a
genera problem with measures of loca public sector output that are not related to levels of
‘satisfaction’ or ‘well-being’. However, it aso indicates some of the conflicts between
efficiency and effectiveness in the provison of locd public services, such as waste
management. For example, one objective of councils is to minimise landfill and promote the

use of recycling fadlities, yet the only measurable indicator of overdl waste management
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sarvice currently collected isin terms of volume of waste collected. Moreover, asthe current
andysis does not include nondiscretionary influences on these outputs, there may be a
certain amount of misspecification in thisindicator.

Table 6 Planning services productivity by group, 1993/94 — 1995/96

Group Index Mean  Standard Minimum Maximum Group Mean  Standard Minimum Maximum

deviation deviation
1 TFP 14210 0.0000 14210 14210 7 0.7874 0.1255 0.5900 0.9700
EFF 2.0330 0.0000 2.0330 2.0330 1.1067 0.2300 0.8610 1.4580
TEC 0.6990 0.0000 0.6990 0.6990 0.7203 0.0765 05710 0.8070
2 TFP 0.9652 0.3157 0.5940 1.6280 8 N/A N/A N/A N/A
EFF 1.3206 0.4198 0.7600 2.2070 N/A N/A N/A N/A
TEC 0.7308 0.0464 0.6570 0.8100 N/A N/A N/A N/A
3 TFP 0.8260 0.3457 0.4710 1.8340 9 0.6088 0.1724 0.4470 0.8500
EFF 11670 0.5258 0.6200 2.7210 0.8958 0.2214 0.5980 1.1330
TEC 0.7158 0.0536 0.6270 0.7970 0.6815 0.0795 0.5920 0.7500
4 TFP 0.7474 0.2165 0.3640 1.2980 10 0.7564 0.2320 0.3410 0.9780
EFF 1.0819 0.3287 0.5860 2.0150 1.1889 0.3760 0.5540 1.7640
TEC 0.6961 0.0721 0.5600 0.9200 0.6379 0.0629 0.5540 0.7360
5 TFP 0.9298 0.1471 0.7920 1.1350 11 0.8492 0.2541 0.3990 1.2400
EFF 14327 0.2665 1.0370 1.6080 1.1937 0.4214 0.5670 1.8470
TEC 0.6600 0.1114 0.5530 0.7630 0.7225 0.0539 0.6260 0.7880
6 TFP 0.8087 0.1682 0.6890 10010 State 0.8216 0.2654 0.3410 1.8340
EFF 1.1260 0.2444 0.9750 1.4080 11757 0.3900 0.5540 2.7210
TEC 0.7197 0.0319 0.6930 0.7550 0.7036 0.0672 0.5530 0.9200

Notes: Groups as follows (ACLG categories): (1) UCC; (2) UDM, UDS; (3) UDV, UDL; (4) URM, URS; (5) URL,
URV; (6) UFM, UFS; (7) URV, UFL; (8) RAS; (9) RAM, RSG; (10) RAL; (11) RAV. TFP —total factor productivity,
EFF — technical efficiency, TEC — technological change. Malmquist index averages are geometric means. N/A —
not applicable.

A second reason for the contraction of the frontier could be that the NSWDLG (1998: 19)
notes that some ten percent of councils in each year of the sample were in the process of
introducing recycling programs and “a further 25 percent of councils continue to provide no
recycling service whatsoever”. It is possble that the large input ‘start-up’ requirements
associated with recycling programs are distorting the shape of the best-practice frontier over
very short sample periods. Other factors determining the collection of recyclables could
include movement in the price of recyclable materias, etc. (NSWDLG 1998). Findly, a
number of technologicad redtrictions have been placed on locd governments waste
management function during this period, particularly by state governments and environmentd
protection agencies. These include redtrictions on the use of landfill facilities, particularly in
urban aress, and additiond impacts related to the introduction of the NSW Waste

Minimisation Act.
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Planning and regulatory services

The Mamaquist productivity, efficiency and technologica indices for planning and regulatory
sarvices are presented in Table 7. In this formulation, inputs conssted of legd and non-legal
planning and regulatory expenditure, and outputs were defined in terms of the number of
building and devel opment gpplications received and determined.

Table 7 Planning services productivity characteristics, 1993/94 — 1995/96

Group Number Productivity Efficiency Source of efficiency ~ Technological
Gain Loss Increase Decrease Technical Sale  Progress  Regress

1 1 1 1 1 1
2 17 9 8 13 4 1 16 17
3 13 4 9 7 6 13 13
4 29 10 19 18 1 7 2 29
5 4 2 2 4 1 3 4
6 3 1 2 1 2 1 2 3
7 8 1 7 5 3 1 7
8 N/A N/A N/A N/A N/A N/A N/A N/A N/A
9 4 1 3 1 3 2 2
10 8 2 6 6 2 1 7 8
1 1 5 6 7 4 2 9 1

State 93 36 62 63 35 16 82 98

Notes: Groups as follows (ACLG categories): (1) UCC; (2) UDM, UDS; (3) UDV, UDL; (4) URM, URS;
(5) URL, URV; (6) UFM, UFS; (7) UFV, UFL; (8) RAS; (9) RAM, RSG; (10) RAL; (11) RAV. N/A — not
applicable.

As indicated, average productivity in planning services fell over the sample period by 17.84
percent, efficiency increased by 17.57 percent, and the frontier regressed by 29.64 percent.
In common with waste management sarvices, it is hypothesised that several exogenous
influences have affected the production frontier over the three year period, which may, in
pat, be resolved by a longer sample period. Possble influences include a generd
downward trend in the number of BAs being determined (NSWDLG 1998: 28). However,
it is dso likdy that the increesingly litigious nature of the planning process, and other
problems associated with the reform of locad governments planning and regulatory
functions, are involved in the contraction of the best-practice frontier.
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Table 8 Planning services correlation coefficients, 1993/94—1995/96

Foearman rank correlation
TFP -
EFF  0.942%** -

TEC 0074  -0.226** -

POP 0.180** 0.158 0.113 -
Kendall rank corrdation

TFP -

EFF 0.800*** -

TEC 0047  -0.154** -

POP 0.119**  0.106* 0.077 -

TFP EFF TEC POP

Notes: TFP- total factor productivity, EFF-
technical efficiency, TEC-technological change;
Asterisks indicate significance (one-tailed) at the *
—.10,** —.05and *** — .01 level.

In common with waste management services, there has been a generd improvement in
planning services efficiency over the period 1993/6. However, unlike waste management
sarvices, the magnitude and didribution of these efficiency gains does not appear to vary
subgtantidly across the sample. For example, of the councils categorised as ‘urban
developed’ (Groups 1 to 7), Sixty percent experienced an efficiency gain in each of the three
years and mogt of this gain is attributable to increases in scale efficiency. These are generdly
close to the overdl Sate average [nonetheless, these results should be treated with some
caution as a large number of smdler rurd councils were excluded from the sample because
of missng data]. The nonparametric tests datistics across the eeven groups of loca
governments confirms this finding. The Kruskal-Wallis test for efficiency change fails to
rgject the null hypothesis of equal means and medians, [KW = 11.538 ~ ¢%(9)] and [KW =
5.065 ~ c?(9)] respectively, as does the test for technological change, both mean [KW =
13.002 ~ ¢?9)] and median KW = 7.023 ~ c?9)]. However, the two-group Mann-
Whitney and Kolmogorov-Smirnov test datistics indicate that the locationd and
distributiond characterigtics of technicad and efficiency change for urban developed councils
differ setidicdly from the overdl sample of locd governments. Findly, the Spearman and
Kenddl rank correation coefficients indicate that relaive increases in efficiency and
productivity are postively rank corrdaed with reatively larger councils in terms of
population & the .10 level (one-tailed), and that a relatively higher technologicd change
index is inversdy correlated with efficiency gain, once again at the .10 leve (one-tailed).
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These reaults are generdly congstent with those found in the earlier waste management

andyss.

5. Concluding remarks

We have andysed productivity growth in New South Wales loca governments waste
management and planning and regulatory functions over the period 1993/94 to 1995/96
within the framework of the DEA piecewise linear production function and the Mamquist
productivity index. This dlowed the smultaneous andyss of changesin best-practice due to
frontier growth and changes in the rdative efficiency of councils owing to movements
towards existing frontiers. Overdl, the results indicate that there was little or no productivity
growth a the frontier during the period in question, dthough there was subgtantia
improvement in the rdaive efficdency of nealy dl councils in both functions. That
productivity growth which did occur gppears largely due to an increase in efficiency over the
period, with improvements in scae efficiency dominating for larger, urban developed
councils, and improvements in technica efficiency being notable for smdler, rurd agriculturd

councils.

These results suffer from a number of limitations. The primary limitation is that the outputs
used in the study are subject to exogenous shocks which may place councils generdly in a
poor light. For example, waste management outputs are defined in terms of kilograms of
waste materid collected, whereas planning and regulatory services include the number of
building and development applications processed. Importantly, both of these indicators have
exhibited a genera downward trend during the sample period due to changes in domestic

waste practices and afdl in building activity. More appropriate indicators of performance in
these services over time may be indicators of ‘satisfaction’” with the service derived from
consumer surveys. Another limitation is that no alowance is made to examine dlocetive
efficiency, which may have changed during this early period of microeconomic reform.

However, a more fundamental limitation is the failure to incorporate contextud factors into
the andyds. Thisomisson is largely the result of inadequate data, and means that is difficult

to understand why the changes in productivity, efficiency, and especidly technology, have
occurred. A number of contributory factors are hypothesised, but not tested. These include
changes asociated with financid reform dating from 1993 (especidly the adoption of
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accrua accounting), changes in standards placed upon loca governments waste
management practices in the mid-1990s, and detailed changes to planning controls.
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