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ABSTRACT: Benchmarking tools have gained interest in recent years to assess the effectiveness of reforms and
performance of water companies. This study aimed to estimate the productivity change of water districts in region 12
using the Data Envelopment based Malmquist Productivity Index from 2014 to 2018. It was found out that the sources of
productivity were technological changes for the majority of the water districts. Water districts have increased capital
investment to improve technology. Subsequently, inefficient water districts may adopt the peer weights of referenced
decision-making units to adjust inputs to attain productivity. Moreover, having a centralized policy covering the set
standards and policies of the concerned agencies is necessary for the water districts to develop good water governance.

Keywords: DEA-based Malmquist Productivity Index, efficiency change, technological change, management efficiency, scale
efficiency.

l. INTRODUCTION

Many water service providers characterized the Philippine water supply sector. The agricultural industry
consumes most of the water resources in the country, followed by the industrial sectors, and the remainder goes to
home users GREENPEACE, 2007). Hence, there are still issues with the management of water systems of water districts
(Abrilla and Yee, 2016), such as water quality and accessibility, water shortages, and temporal distribution (Abrilla and
Yee, 2016; Rubio, Lee, and Jeong, 2008) despite the availability of water in the Philippines.

The three primary processes in the drinking water supply are the abstraction of raw water resources and raw
water treatment, the transmission of drinking water, and the distribution of drinking water to final consumers (Zschille,
2014). The productive outcome is a primary concern of water districts. However, there have been problematic issues
such as aging infrastructure, financing improvements and organizational competence, integrating innovative
technologies or technical operations, and human resource management faced by water districts in Region 12 (USAID,
n.d.). Additionally, inefficiencies associated with water restriction regimes, flaws in supply and demand planning, and
investment processes may result in rising and continual issues for the water sector, particularly deteriorating
transportation system and water quality threats (Worthington, 2015).

The Malmquist productivity index techniques have gained popularity in assessing the productivity of water
companies (Carvalho & Marques, 2014). A growing number of studies evaluating the performance of water utilities
around the world have attempted to quantify and measure water utility productivity. These studies highlighted
management deficiencies, realized and quantified effects of regulatory and structural factors, identified and quantified
constraints to productive results in the sector, and provided measurable inputs into the future improvement of the
process by measuring the productivity of water sectors (Maziotis, Senante and Garrido, 2016).
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The Malmquist productivity index compares the productivity of DMUs or a single DMU over different periods.
The technical efficiency and technological change are decomposed in the Malmquist productivity index (Uddin, 2015).
These evaluate managerial competence of water districts to respond to variations in scale efficiency, capability to change
factor inputs, long-term strategic planning quickly, and timely capital investment to address the issues concerning
productivity change of water districts in Region 12 (Simoes and Marques, 2012; Senante, Maziotis and Garrido,
2014).The effectiveness and intensity of delivering successful results for the organization are entirely based on the
organizations' purely technical, technical, and technological efficiency (Afonso, Ayadi, & Ramzi, 2013).

There appears to be no current study employing the DEA-based Malmquist Index to examine the productivity of
water districts in Region 12. The goals of measuring the productivity of water districts are to identify the essential
sources of productivity gains, such as efficiency and technological improvements enable to determine the number of
inputs required to be reduced and improve the quality of outputs produced and alterations in the operating conditions.

The overall aim of the study was to determine the productivity change of water districts in Region 12 from 2014 to
2018 using Data Envelopment Analysis based Malmquist Productivity Index. This research is significant for global,
national, and municipal water utility policymakers and service provider managers. The findings may provide
knowledge that may be utilized as a benchmarking tool, particularly in production and resource development.

Il METHODS

The study focuses on estimation or productivity of water districts in Region 12 using DEA Based Malmquist
productivity index. The study was designed using exploratory research. The study was carried out in Region 12,
Philippines.The data set includes observations from a panel of 12 water districts in Region 12 from 2014 to 2018. The
data comes primarily from LWUA reports on water rates and annual audit reports, focusing on the financial component.
The data was gathered with the permission of the water district institutions and was kept confidential.

Table 1. Data Specifications of Factors Inputs and Outputs

Factor Inputs Factor Outputs
Length of mains Connection properties
Maintenance and other operating expenses Volume of water delivered
Personal services

Estimation Procedure

The statistical tool that this study was utilized is DEA based Malmquist productivity index (input distance
function). The productivity difference between the DMUs or a DMU over the two periods of time was analyzed using
Malmquist Index (Uddin, 2015).

The researcher used DEAP 2.1 program developed by Coelli (1996b) to measure the productivity indexes. The
researcher applied Constant Return to Scale input-oriented to evaluate the efficiency change over time, the Malmquist
productivity index issued in the following analysis:

Suppose each DMUj (j =1, 2, ...n) produces a vector of outputs Y (Yt; ...... Ytj) by using a vector inputs X; (Xt

Xt) at each period t, t =1, 2, ...T. When multiple inputs are used to produce multiple outputs, distance functions
provide a functional characterization of the structure of production technology. The output distance function is defined
on the output set, P(x) (Shepard, 1953, Nourali, Davoobadi, and Pashazade, 2014);
Do(x, y) =max {(@: y /0 E P(x)}
The output-based Malmquist productivity index between the period t and t+1 is the output-based productivity
change index may be formulated as (Caves, Christensen & Diewert (1982, Sufian, 2007) :

1
t r+ 2
MPLt1(ye xot yt ) = [PeasOT2) pjdgsGriattin 72 )
o YT, DAY T T D) X 1 _(F )
chns@ i DJ'CHS(? .

Where,
MPI = Malmquist productivity index between the two periods.
t, t+1= The superscripts describe the periods
0 = the subscript denotes the orientation
D = the distance function
By rearranging the equation, Fiare and Primton (1995) proposed the Malmquist productivity index as a product
of efficiency change and technical change as an equation;
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or MPI= effch x techch

The first term before the square root is the ratio of the two distance functions measures Farrell (1957, Uddin, 2015)
technical efficiency change (effch) from the period t to the period (t+1). The second term measures technological
progress (techch) from period t to the period (t+1).

Malmquist productivity index of the firm is greater than 1 (MPI>1), indicative of productivity growth gains. The
sources and their magnitude to the Malmquist productivity index reflect from efficiency change (effect) ratio and
technical progress (techch) ratio.

Where:

r41_r+
Technical Efficiency (effch) = M
Dicgs (v xf)

Y,
t+ I+ r t..r 2
Technological Change (techch) = [ Djers(y™**, L}x Djcrs (¥ }] )

DI+J. S Xt ) Dt+J. (yF.xE)

As one can note, the decomposition of Malmquist index of Fére et al. (1992) does not consider the variable
returns to scale (VRS) technology and, consequently, scale efficiency. The input-oriented geometric mean of MPI is
decomposed using the concept of input-oriented technical change(TECHCH) and input-oriented efficiency
change(EFFCH) as given in equation (5).Thus, the Malmquist (MPI) productivity index was decomposed into three parts:

MPI = effch * techch = pech * sech * techch

DHL { r+1 I-H.}

Pure Technical Efficiency Change (pech) = - R )
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Thus, pure technical efficiency and scale efficiency change measure firm-specific changes in productivity related
to shifts in technical and scale efficiency, whereas technological changes identify shifts in the technology frontier.

II. RESULTS

Table 2 shows the descriptive statistics of factor inputs and outputs of water districts in region 12 from 2014 to
2018. The result found out that water districts' factor inputs and outputs have increased from 2014 to 2018. Specifically,
the increasing volume of water delivered and connection properties are due to increasing household demand with
access to safe drinking water. To do so, the water districts increased the maintenance and other operating expenses,
personnel services, and length of mains for over five years. The volume of water delivered and personal services, in
particular, had the most fluctuation across the outputs and inputs.

Table 2. Descriptive Statistics of Factor Inputs and Outputs of Water Districts from 2014 to 2018

Output Inputs
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1 f
Year Volume o Connection MOOE Personnel Length of
water
Delivered properties Services mains
2014 Std. Dev. 4191745 10941 22416001 26395306 13695
Average 2010539 6343 13109919 13991685 16498
2015 Std. Dev. 4907388 11306 24515310 31377209 16680
Average 2316379 6712 15353572 16463939 21070
2016 Std. Dev. 5635527 12055 29360882 38244316 18641
Average 2631684 7233 17882093 19370163 23252
2017 Std. Dev. 5971725 12751 33069379 42687127 19202
Average 2825313 7789 20123488 21425083 24656
2018 Std. Dev. 6498019 13505 35357645 47514503 19352
Average 3073448 8398 21635167 23716658 24942

Table 3 shows the productivity elements of water districts in the year 2014-2015. The result found that DMUs 2,
6, 7, and 9 were productive in 2014-2015. Adversely, DMU 4 was observed technically inefficient. Thus, there is a need
for DMU 4 to increase or decrease MOOE, length of mains, and personnel services by 15.3% to upsurge water delivered,
and connection properties enable to attain efficiency. Also, DMU 4 observed inefficient variable returns to scale and
thereby needed to increase or decrease inputs by 1.2% to become efficient. In terms of technological change, only DMUs
6 and 9 were efficient. Some of the DMUs were needed to increase MOOE, length of mains, and personnel services by
7.4% (DMU 1), 9% (DMU 2), 9.22% (DMU 3), 10.7% (DMU 4), 2.1% (DMU 5), 9.4% (DMU 7), 7.3%(DMU 8), 26.3% (DMU
10), 13% (DMU 11), and 56.8% (DMU 12) to become efficient. This implies that efficient water districts considerably
increase investment to improve technological advancement.

Table 3.Productivity Elements forthe Water Districts in Region 12, 2014-2015

Technical

DMUs Efficiency Technological Management Scale Productivity
Changes Changes Efficiency Efficiency Change

1 1.000 0.926 1.000 1.000 0.926
2 1.141 0.910 1.123 1.016 1.039
3 1.000 0.908 1.000 1.000 0.908
4 0.837 0.893 0.847 0.988 0.747
5 1.000 0.979 1.000 1.000 0.979
6 1.002 1.003 1.000 1.002 1.005
7 1.189 0.906 1.000 1.189 1.077
8 1.049 0.927 1.000 1.049 0.972
9 1.000 1.241 1.000 1.000 1.241
10 1.000 0.737 1.000 1.000 0.737
11 1.113 0.870 1.000 1.095 0.969
12 1.000 0.432 1.017 1.000 0.432
Mean 1.024 0.872 0.997 1.027 0.893

Table 4 shows the productivity elements of water districts in the years 2015-2016. The productivity of DMUs 7,
8, and 9 increased from 2015 to 2016. They boosted productivity by 7%, 5.5%, and 12.1%, respectively. This implies that
DMUs 7, 8, and 9 attain maximum scale production, and at the same time, resources were utilized correctly. This also
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means that technological advancement is considerably improved. DMUs 1, 2, 3, 4, 5, 6, 10, 11, and 12, on the other hand,
were inefficient. To become technically efficient, DMUs 2, 4, and 6 needed to improve connection properties and volume
of water delivered by increasing or decreasing MOOE, length of mains, and personnel services by 6.9%, 3.5%, and 5.5%,
accordingly. Additionally, DMUs 2, 4, and 11 need to utilize inputs properly to efficiently produce a volume of water
delivered and connection properties. More so, DMUs 2 and 6 have obtained variable returns to scale inefficiency and so
increasing or decreasing returns by 2.2% and 4.6%, respectively. In terms of technological change, DMUs 1, 3, 4, 5, 10,
and 11 were inefficient and needed to increase MOOE, length of mains, and personnel services by 3%, 2.8%, 4.1%, 9.7%,
15.4%, and 7.2% accordingly. It implies that innovation and technology have a vital role in producing water districts.
Table 4. Productivity Elements for the Water Districts in Region 12, 2015-2016

DMUs ;Erfefil;::; Technological Management Scale Productivity
Changes Changes Efficiency Efficiency Change

1 1.000 0.970 1.000 1.000 0.970
2 0.931 1.006 0.953 0.978 0.937
3 1.000 0.972 1.000 1.000 0.972
4 0.965 0.959 0.962 1.004 0.926
5 1.000 0.926 1.000 1.000 0.926
6 0.945 1.034 1.000 0.954 0.977
7 1.000 1.007 1.000 1.000 1.007
8 1.040 1.015 1.000 1.040 1.055
9 1.000 1.121 1.000 1.000 1.121
10 1.000 0.846 1.000 1.000 0.846
11 1.040 0.928 0.976 1.045 0.947
12 1.000 1.215 1.000 1.000 8.215

Mean 0.991 1.168 0.991 1.001 1.158

Table 5 shows the productivity elements of water districts in 2016-2017. Water districts 3, 5, 7, 8, and 10 were
productive in 2016-2017. These water districts upsurge productivity changes by 5.1%, 5%, 0.8%, 31.1% and 3.6%
respectively. This implies that these DMUs were efficiently operating using the available resources (MOOE, length of
mains, and personnel services) to improve technological advancement to upswing water delivered and connection
properties. More specifically, in technical efficiency change, DMUs 2, 6, and 11 were observed inefficient. Hence, they
need to increase or decrease by 8.8%, 9.7%, and 15.2% of MOOE, length of mains, and personnel services to improve the
supply system of water delivered and connection properties. Also, DMUs 7 and 11 were observed inefficient returns of
scale and thereby needed to increase or reduce inputs by 1.8% and 10.4% accordingly to achieve desired water delivered
and connection properties. DMUs 2, 6, and 11 were inefficient for a technological change. On this account, there is a
need to increase inputs from operations by 6.2%, 2.2%, and 85.1%. This could mean that inadequate investment shall
take into consideration.

Table 5. Productivity Elements for the Water Districts in Region 12, 2016-2017

DMUs Tec.h.n ical Technological Management Scale Productivity
Efficiency
Changes Changes Efficiency Efficiency Change
1 1.000 0.997 1.000 1.000 0.997
2 0.912 0.992 0.938 1.031 0.905
3 1.000 1.051 1.000 1.000 1.051
4 1.040 0.940 1.059 1.026 0.977
5 1.000 1.050 1.000 1.000 1.050
6 0.913 1.018 0.978 1.122 0.929
7 1.000 1.008 1.000 0.982 1.008
8 1.027 1.276 1.000 1.027 1.311
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9 1.000 0.926 1.000 1.000 0.926
10 1.000 1.036 1.000 1.000 1.036
11 0.848 1.001 0.849 0.896 0.849
12 1.000 0.134 1.000 1.000 0.134

Mean 0.977 0.864 0.984 0.993 0.844

Table 6 shows the productivity elements of water districts in the years 2017-2018. DMUs 1, 2, 4, 5, 9, 10, and 12
were productive in 2017-2018. These DMUs improved by 43.3%, 8.5%, 26.7%, 22.5%, 13.1%, 5.4%, and 18.5%, denoting
that these DMUs are operating efficiently at their maximum scale capacity and improved technological advancement
and innovation. For more distinctive efficiency changes, DMUs 6, 7, and 8 were inefficient. Hence, to become technically
efficient, they needed to increase or decrease the MOOE, length of mains, and personnel services by 3.6%, 1.8%, and
10.7%, respectively. In terms of management efficiency, DMUs 6 and 8 were noticeably inefficient. Henceforth, there is a
need to improve production by increasing or decreasing inputs by 14.1% and 5.4%. For a technological change, DMUs 7,
8, and 11 were observed decreasing returns to scale. Thus, there is a need to increase inputs of water districts by 1.8%,
5.6%, and 10.4% in operation to constant or increase returns of scale. In addition, DMUs 3, 7, 8, and 11 were recognized
as inefficient. On this account, these DMUs need to increase inputs by 5.3%, 1.9%, 25.6%, and 10.5%. Hence, a
deterioration in technological progress, a slight decline in management, and scale efficiency were observed. The limit in
investment, scale activity, and improper utilization of productive resources can drag down productivity. There was a
slight decrease in scale efficiency on the average productivity index of water districts.

Table 6. Productivity Elements for the Water Districts in Region 12, 2017-2018

Technical

DMUs Efficiency Technological Management Scale Productivity
Changes Changes Efficiency Efficiency Change

1 1.000 1.433 1.000 1.000 1.433
2 1.077 1.007 1.044 1.031 1.085
3 1.000 0.947 1.000 1.000 0.947
4 1.190 1.065 1.159 1.026 1.267
5 1.000 1.225 1.000 1.000 1.225
6 0.964 1.029 0.859 1.122 0.992
7 0.982 0.981 1.000 0.982 0.963
8 0.893 0.744 0.946 0.944 0.664
9 1.000 1.131 1.000 1.000 1.131
10 1.000 1.054 1.000 1.000 1.054
11 1.108 0.895 1.237 0.896 0.992
12 1.000 1.185 1.000 1.000 1.185

Mean 1.015 1.054 1.016 0.999 1.061

Table 7 shows the productivity elements (summary of firm means) of water districts in the years 2014-2018.
DMUs 1, 5, 7, and 9 were productive for five years from 2014 to 2018. These DMUs improved production by 6.4%, 3.9%,
1.2%, and 9.9%. However, DMU 6 is technically inefficient (0.956). This means that there is a need to increase or decrease
inputs (length of mains, personnel services, and MOOE) by 4.3% to improve the volume of water delivered and
connection properties. Also, to attain optimal production, there is a need to increase such inputs by 1.2%. In terms of
technological improvement, water districts 2, 3, 4, 7, 8, 10, 11 and 12 were thereby needed to raise average inputs by
2.2%,3.2%, 3.8%, 2.6%, 2.8%, 9.2%, 7.8% and 13.4% to improve technological advancement and innovation.

Table 7. Summary of Firm Means of Water Districts in Region 12, 2014-2018
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Technical

DMUs Efficiency Technological Management Scale Productivity
Changes Changes Efficiency Efficiency Change

1 1.000 1.064 1.000 1.000 1.064
2 1.011 0.978 1.012 0.999 0.989
3 1.000 0.968 1.000 1.000 0.968
4 1.000 0.962 1.000 1.000 0.962
5 1.000 1.039 1.000 1.000 1.039
6 0.956 1.021 0.957 0.998 0.976
7 1.039 0.974 1.000 1.039 1.012
8 1.000 0.972 0.986 1.014 0.972
9 1.000 1.099 1.000 1.000 1.099
10 1.000 0.908 1.000 1.000 0.908
11 1.016 0.922 1.010 1.006 0.937
12 1.000 0.866 1.000 1.000 0.866
Mean 1.022 0.979 0.997 1.005 0.981

V. DISCUSSION

The connection properties and volume of water to be delivered are the outputs considered in the study.
Increasing finances for factor inputs such as MOOE, personal services, and length of mains improve production capacity
and technological advancement of DMUs. Between factor outputs, the volume of water delivered has the highest
variability because it is not controlled and is primarily dependent on consumer demand. Increase factor inputs upsurge
connection properties, as well as the volume of water, delivered. Hence, the Local Water Utilities Administration has
also made significant efforts to increase the number of water districts to meet the demand. The result reflects those
findings of Senante, Donoso, and Garrido (2016) that the variability intolerance of input and output variables reflects
various efforts made by Chilean water and sewerage companies to improve the coverage and quality of wastewater
treatment services.

Additionally, Garrido, Senante, and Arce (2018) found that Chilean water companies' average input and output
improved from 2010 to 2016. The operating costs have risen during the research period. From 2010 to 2016, the number
of employees has increased, and the network was extended. In contrast, between 2010 and 2016, the amount of water
consumed per capita declined, while the total amount of drinking water provided surged due to population expansion.
During the same years, the number of houses having wastewater treatment services increased significantly.

In the year 2014-2015,productivity recorded deterioration due to improper utilization of factor inputs and
unimproved technological advancement. This could be the result of the limited investment that restraints DMUs to
improve technological advancement. To become technically efficient, DMUs needed to increase or decrease factor inputs
to increase the volume of water delivered and connection properties, meeting the demand of consumers as well. A
similar analysis was applied to other water districts, yet, different policies could be achieved. The findings contradict
those of Maziotis, Senante, and Garrido (2016), who found that technical change is the primary driver of productivity
increase for English and Welsh water providers when the quality of service elements are taken into account (the shift of
the efficient frontier). Marques (2008) found that significant investments in new infrastructures that did not exist
resulted in higher operation and maintenance expenses.

In the year 2015-2016, most of the water districts were technically efficient. Largely, scale efficiency was the
source of productivity gains for water districts. Also, technological advancement was considerably improved. On the
other hand, deterioration of water districts is due to deterioration of managerial capacity controlling factor inputs. This
result is consistent with the findings of Brettenny and Sharp (2017). They found that average productivity fell and that
the decline was primarily due to a fall in production technology. Similarly, Byrnes et al. (2010, Brettenny & Sharp, 2017)
found that increased water service provider technology was linked to improved infrastructure and technological
capability.

In the year 2016-2017, the productivity of DMUs declined. Unimproved technological advancement was
observed. Also, recorded lower regress technical efficiency was mainly caused by management inefficiency to control
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factor inputs, and decreasing variable returns to scale that deteriorate productivity gains of water districts. Hence,
increase capital investment improves the productivity of DMUs.The results are in contrast to those of Silva and
Thanassoulis (2011); they found that technical change was the primary motivator for the water industry in England and
Wales to move toward the frontier. Similarly, Saal, Parker, and Jones (2007) observed that a significant increase in
technical change in the English and Welsh water and sewerage industries resulted in a peak average technical change
estimate. There was still considerable room for productivity gains through technological advancement.

In the year 2017-2018, the productivity of DMUs improved. The productivity gains during this period were due
to increase investment to improve technological advancement and to improve managerial capacity. Noticeable, a
slightly improved return to scale is due to an increase in factor input finances. Therefore, innovation and technology
have a vital role in producing water districts.The findings are comparable to those of Yang et al. (2009, Tiange, Xiaolei,
Honor, & Hui, 2015), who found that water resource utilization efficiency in Chinese water utilities was poor. The
composite structure of the input elements was not optimal. Further, Kumar and Sarangi (2012) found that the overall
average numbers of scale inefficiency suggest that the utilities in Urban India are not employing the efficiency of their
resources is consistent with the findings of this study. Changing the level of operation for certain water utilities can help
them enhance their performance.

Productivity gains of DMUs recorded slightly declined from 2014-to 2018. Mainly, the source of productivity
gains of DMUs attributed to scale efficiency. Most of the DMUs achieved their productive capacity contributed to an
increase in connection properties and volume of water delivered. Hence, an increase in capital investment is important
to improve technological advancement and management aspects.The result is backed up by the findings of Worthington
(2011) that the Australian urban water utility industries are entirely inefficient. Most water utility industries have been
catching up with best practices in the field, and technology advancements have been slow. Furthermore, the advantages
of improving the ability to integrate inputs and outputs in optimal proportions without changing the scale of processes
are generally equal to the advantages of scaling up or down activities. This study aligns with the findings of Parker and
Saal (2001) that England and Wales's water and sewerage utilities are becoming less productive. There was no capital
investment in quality adjustment output. Similarly, Kumar (2006) claimed that the lack of water availability in urban
areas is attributable to a lack of administrative capability.

V. CONCLUSION

The study evaluates the productivity of water districts in Region 12 over the years 2014-2018. The Malmquist
productivity index is decomposed into technical efficiency change and technological change. Based on the result of the
study, the researcher concludes that in the year 2014/15-2015/16, the average productivity of water districts improved
by 26%. Most likely, productivity is benefited from increasing operation activity and technological improvement due to
an increase in MOOE, length of mains, and personnel services (reference: table 1, table 2 and table 3). In contrast, the
average productivity was declined by 31.4% in year 2015/16- 2016/17. Both efficiency and technological change were
slumped (reference: table 4). Therefore, there has been poor utilization of inputs, failure to operate at the most
productive scale size, and unimproved technological advancement. More so, in years 2016/17-2017/18, the average
productivity of water districts increased by 21.7%. The sources of productivity gains were from technological
improvement and proper input utilization (reference: table 5).

In addition, the firm productivity average (2014-2018) indicated that the productivity growth average of water
districts is 98.1%. The increasing productivity is attributed mainly by scale efficiency (reference: table 6). However, it
appears minimal gain. On the other hand, technological progress was inefficient but near to frontier. Perhaps, increasing
inputs such as MOOE, personnel services, and length of mains (reference: Table 1) stimulate less efficient DMUSs closer
to the frontier. Thus, most water districts choose optimal level of outputs instead the adopting best practice technology.
Moreover, 16.6% of the water districts fell in decreasing returns of scale they need to downsize operation to observe
efficiency gains.
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