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Abstract

To supply an additional approach to the current PCI rank, this study promotes a new rank based on technical
efficiency scores. Components of PCI are used as inputs to produce outputs which are business indicators. While
technical efficiency and PCI ranks are supplements for each other in annual assessments, the Malmquist index
and its compositions may be long-term indicators to reflect the performance improvement of the local
governments to attract investments.
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1. Introduction

Since 2005 the U.S. Agency for International Development-supported Vietnam Competitiveness Initiative
(USAID/VNCI) and the Vietham Chamber of Commerce and Industry (VCCI) have developed the annual index,
namely the Provincial Competitiveness Index (PCI). The purpose of the PCI is to measure and assess the
standards of economic governance in Vietnam’s 63 provinces from the perspective of private sector businesses.
As expected, PCI has become the important voice of enterprises while policy-makers in provinces and
municipalities have shown more interests on PCI in order to identify where and how they can pursue economic
governance reforms to attract investment. According to the official website of PCIL, until 2013, there are over 40
provinces conducting PCI diagnostic workshops to engage public-private dialogue and many activities of
provinces done to improve competitive capacity of the provinces (PCI, 2013).

To reflect the full picture of business environment, the PCls are based on covering main business-critical issues.
There have been, however, changes in issues in years to update changes in the economic environment of Vietnam.
Since 2009, the sub-indices of the PCI has been stable and included nine unify indices. According to the PCI’s
standards, a province that is considered to perform well on all nine PCI sub-indices is the one that has: (1) low
entry costs for business start-up; (2) easy access to land and security of business premises; (3) a transparent
business environment and equitable business information; (4) minimal informal charges; (5) has limited time
requirements for bureaucratic procedures and inspections; (6) proactive and creative provincial leadership in
solving problems for enterprises; (7) developed and high-quality business support services; (8) sound labor
training policies; and (9) fair and effective legal procedures for dispute resolution (USAID/VNCI-VCCI, 2012).
The nine sub-indices have replicated every year since 2009.

To reduce impacts of differences in structural factors (population density, surface area, distance from Ha Noi and
Ho Chi Minh city), infrastructure and regions, the PCI uses weights for each sub-indices. The final PCI scores
are the weighted sum of nine sub-indices and ranks provinces for each year.

In spite of ranking system developed, “The PCI exercise is not intended to be a purely academic exercise, nor to
‘point fingers’ at individual provinces that rank lowest or highest. Rather, the PCI attempts to provide robust
information that can help provinces and municipalities to identify where—and how—they can pursue economic
governance reforms to optimal effect” (USAID/VNCI-VCCI, 2007). However, in fact, the rank of PCI is also the
basis for the central government to compare provincial performance in different parts of the country and helps to
identify areas where the central government may wish to strengthen supervisory functions and improve
decentralization, infrastructure and regional integration. On the other hand, investors and businesses may use
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PCI data to consider investment and expansion in specific provinces.

As mentioned above, the current PCI scores are conducted based on nine sub-indices. To explore the relation
between these indices and business growth, (USAID/VNCI-VCCI, 2009) regressed outcome variables (private
enterprises per 1,000 citizens, investment per capita, and profit per enterprise) by each sub-indices with
controlling for other business environment factors. The report concludes that “a one-unit improvement in
transparency is associated with a 13% improvement in the number of enterprises per 10,000 citizens, a 17%
improvement in investment per capita, and a 62 million VND increase in profit per enterprise”, for instance. It
means that changes of sub-indices may impact to changes in numbers of enterprises and other business indicators.
However the final PCI scores or ranks are conducted by the sum of the sub-indices without including changes in
outcomes.

This study includes two objectives:

(1) Supply an additional approach to assess the impact of the PCI in investment attraction and lead to another
rank which supplements to the current rank of PCI. The new ranking uses the same nine sub-indices of PCI.
However, instead of conducting these indices into the final PCI score, they are used as inputs to “produce”
outputs which are business growth and other business indicators by employing data envelopment analysis
(DEA) method. The new rank is based on technical efficiency scores of DEA for each province. The result
of the study should answer the question how changes in the sub-indices of PCI are directly reflected by
changes in business in each province.

(2) Assess changes in productivity and its decompositions for 63 provinces during the period 2009-2011 by
using the DEA-based Malmquist productivity index.

2. Methods and Materials
2.1 Measuring Efficiency

The concept of efficiency was proposed by Farrell (1957) based on the work of Debreu (1951) and Koopmans
(1951). In his study, Farrell distinguished two components of efficiency: technical efficiency and allocative
efficiency. Technical efficiency reflects the ability of a firm to obtain maximum output based on a given set of
inputs. Meanwhile, allocative efficiency measures the ability to use the optimal input set, with available prices
and production techniques respectively. The allocative efficiency is therefore called as price efficiency. Technical
efficiency and allocative efficiency can be combined to measure economic efficiency (or overall efficiency) of a
firm.

Technical efficiency can be measured under input-orientation or output-orientation. While the input-orientation
answers the question: “By how much can input quantities be proportionally reduced without changing the output
quantities produced?”, the output-orientation on the opposed direction addresses “By how much can output
quantities be proportionally expanded without altering the input quantities used?”” (Coelli et al., 1998).

To illustrate the case of output-orientation, Farrell used an example of a firm that includes two outputs (y, y2)
and one input (x) under the assumption of constant returns to scale (CRS). Then, we can represent the
technology by a unit production possibility curve ZZ’ in Figure 2. The point A lies below the production
possibility and therefore it corresponds to an inefficient firm. The distance of AB represents technical
inefficiency or the amount of output could be increased without using more than the observed amount of any
input. In this case, the output-oriented technical efficiency (TE) is measured by the ratio: TE = 0A/0B.

In the case of available revenue information, the iso-revenue line DD’ can be added to measure allocative
efficiency (AE). Then, allocative efficiency is the ratio: AE = 0B/0C. Combining technical efficiency and
allocative efficiency generates the concept of the overall economic efficiency:

EE = TE x AE = (04/0B) x (0B/0C) = 04/0C (1)
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Figure 1. Technical and allocative efficiencies under output orientation

(Source: Coelli et al., 1998)

The analysis above illustrates Farrell’s output-oriented measure on the ability of a firm to increase outputs
without changing inputs. The alternative approach known as input-orientation measures the ability of a firm to
reduce inputs without changing outputs. In practice, the choice between input-oriented and output-oriented
measures depends on the objective of input minimization (input-oriented measure) or output maximization
(output-oriented measure) without changing the remaining elements (FAO, 2003).

2.2 Data Envelopment Analysis (DEA)

Technical efficiency can be measured by using parametric or non-parametric approaches. In this study, a
non-parametric data envelopment analysis (DEA) model is employed to analyze the technical efficiency. DEA
was explained in Fére (1985) as a non-parametric piece-wise surface (or frontier) over the data (Coelli et al.,
1998). Furthermore, output-oriented DEA is preferred in this study because the study’s target is to measure
business growth in relation to the given PCI’s sub-indices. According to Fére et al. (1993) and Pascoe et al.
(2003) the output-oriented DEA model can be described as follows:

Max @,
st XZiXjn =AnXjn NEQ )
Max @,

where is scalar showing by how much the production of each firm can increase output, u;,, is the amount of
output m by firm j, x;,is the amount of input n used by decision making unit DMUj and z; are the weighting
factors. Inputs include fixed factors, defined by the set, and variable factors defined by the set @&. To calculate
the measure of capacity output, the bounds on the sub-vector of variable inputs, x5, need to be relaxed. This is
achieved by allowing these inputs to be unconstrained through introduction a measure of the input utilization rate
(Aj) . itself estimated in the model for each DMUj and variable input n. The restriction Y;z; = 1 allows for
variable returns to scale.

2.3 The Malmquist Index

The Malmquist index measures the total factor productivity (TFP) growth. TFP index is defined using distance
function, where an output distance function is used to consider a maximum proportional expansion of the output,
y, given the inputs, x. The TFP change (tfpch) in time #+7 and ¢ can be decomposed into (1) technical efficiency
change or catching up effect, and (2) technical change or shifts of the frontier or innovation as follows:

[dt(xt+1 t+1) dt+1(xt+1 t+1) 1/2 dt+1(xt+1yt+1) [dt(xt+1yt+1) dt(xtyt)
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dt(x“'l,y“'l)

effch (technical efficiency change) = FERG) 4)
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techch (technical change) = [dt Tty e X gt +1(xt,yt)] %)
tfpch = effch * techch 6)

A value of m greater than one indicates a growth in productivity. When m > 1, this reflects productivity
improvement; m < 1, declines in productivity, and no improvement when m = 1.

The technical efficiency change (effch), in turn, can be further decomposed into pure efficiency change (pech)
and scale change (sech): effch = pech * sech. The pech component reflects the real or genuine efficiency change
that is associated with the adoption of the technology, while the sech represents changes that are due to the
changes in size or scale of DMUs.

2.4 Bootstrapping

Efron (1979) introduced the concept of bootstrap as a very general resampling procedure for estimating the
distribution of statistics based on independent observations. Follow his work, Simar and Wilson (1998) and
many recent studies have proposed the bootstrap strategy for analyzing the sensitivity of the efficiency measures
to sampling variation, providing confidence intervals and corrections for the bias inherent in the DEA procedure.
Furthermore, the bootstrapping method is also used to estimate confidence intervals in the Malmquist index.
Generally bootstrapping follows the following basic steps:

1) Construct an empirical probability distribution from the sample;
2) Resample the data set by a specified number of times;

3) Calculate the specific statistic from each sample;

4) Find the standard deviation of the distribution of that statistic.

2.5 Data and Analysis

The PCIs have been annually conducted since 2005. However, only from the PCI 2009 to the current PCI 2012,
the same sub-indices are repeated the surveys. To compare between years, this study only uses the weighted
sub-indices of the PCI data in 2009, 2010 and 2011 as inputs respectively to available output data. Nine inputs
are (1) entry costs, (2) land access, (3) transparency, (4) time costs, (5) informal charges, (6) proactivity, (7)
business support services, (8) labor training and (9) legal institutions which are weighted by 10, 5, 20, 15, 10, 10,
5, 20 and 5% respectively (USAID/VNCI-VCCI, 2009).

In the aspect of outputs, to avoid bias in business data between different provinces, all outputs are converted to
growth rates instead of numbers. This allows to compare business growth between developed province and
low-developed province. These outputs include both foreign direct investment (output 1, 2, 3) and domestic
investment (output 4, 5, 6, 7, 8) which are: (1) FDI business growth (change in number of enterprises), (2) total
FDI capital growth, (3) FDI registered charter capital growth, (4) business growth, (5) average employee growth
per enterprise, (6) average capital growth per enterprise, (7) average fixed asset and long-term investment growth
per enterprise, (8) average net turnover growth per enterprise. More detailed statistics of inputs and outputs
should be found in Table 1, Appendices.

For the first objective, to compare with available PCIs, TE scores under variable returns to scale DEA are
bootstrapped by 2,000 replications and 5% of the confidence intervals. The bootstrap allows to rank TEs while
the DEA without bootstrap may result some efficient DMUs which have TE = 1 and therefore be impossible to
compare between efficient DMUs. All calculations of TE are done by the FEAR 2.0 package which was
developed by Wilson (2008). In the second objective, all Malmquist index averages are geometric means which
are estimated under DEAP 2.1 by Coelli (1996).

3. Empirical Results
3.1 Technical Efficiency Scores and PCls

Using the data set including eight outputs and nine inputs, values of TE are estimated at three years: 2009, 2010
and 2011 for 63 provinces in Vietnam. Basically, the mean values of TE do not much change between these years,
1.11, 1.10 and 1.12 respectively. However, there are differences in ranking between TE-based ranking and
PClI-based ranking. The reason is that PCIs are weighted sum of sub-indices while these weighted sub-indices
are inputs to estimate technical efficiency scores. The new ranking method is interested in how inputs affecting
to growth of outputs which are business outcomes.

In PCI 2009, Da Nang province is the highest rank because the weighted sum of sub-indices of this province is
relatively higher than similar indicators of other provinces. However in TE 2009, growth in nine outputs of Da
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Nang are not respectively high as its input growth. This leads the loosing position of this province to 19" in the
rank. On the other hand, Thai Nguyen province from the 31" rank in PCI changes to the first position in the TE
rank. It does not mean the outputs of Thai Nguyen province are higher than outputs of other provinces. As
mentioned above, the output-oriented DEA measures on the ability of a province to increase its outputs without
changing inputs. On the other words, the set of inputs and outputs of Thai Nguyen province is relatively optimal
than other provinces.

Hanoi and Ho Chi Minh city are other examples. Enterprises in these two cities may have positive assessments
on administrative performance improvement of the local governments, respectively the 33™ and 16™ rank in PCI
2009. However these assessments does not lead to respective increasing in investment. To improve their rank, it
requires a higher growth of outputs compared to their real situations. The similar cases can be found in the year
2010 and 2011. The detail statistic results should be found in Table 1.

Table 1. Descriptive statistics to the inputs, outputs and main results in output-oriented DEA

Inputs (score) 2009in 2010 . 2011
Mean  Std. Min  Max Mean  Std. Min Max  Mean  Std. Min Max
1. Entry Costs 0.83 006 065 095 0.6 0.07 0.51 0.81 085 0.05 0.73 0.94
2. Land Access 0.32 0.05 0.21 0.44 0.30 0.06 0.15 043 0.32 0.05 0.22 0.42
3. Transparency 1.18 020 058 177 115 0.16 0.55 1.48 117 0.12 0.90 1.47
4. Time Costs 0.98 016 055 134 095 0.14 0.67 1.26 099 0.14 0.57 1.24
5. Informal charges 0.61 0.09 0.46 0.81 0.64 0.08 0.46 0.85 0.68 0.10 045 0.86
6. Proactivity 0.50 017 019 094 052 0.13 0.27 0.81 047  0.16 0.14 0.94
7. Business support services 0.26 005 014 043 028 0.05 0.17 0.44 0.18  0.05 0.09 0.36
8. Labor training 0.96 0.16 0.56 1.54 1.06 0.12 0.59 1.49 0.96 0.09 0.77 1.16
9. Legal Institutions 0.27 0.04 0.18 0.37 0.25 0.05 0.13 0.36 0.28 0.04 0.16 0.35
Outputs (% change between the current 2009/2008 2010/2009 2011/2010
vear and the previous year) Mean Std. Min Max Mean Std. Min Max Mean Std. Min Max
&4 1. Business growth 10846 1422 7588 165.00 11840 2559 9231 240.00 11509 20.17 66.67 204.24
e 2. Total FDI capital growth 12536 106.77 5397 93432 313.83 139254 4944 1114857 11635 29.16 6.75 197.93
| 3. FDI registered charter capital growth  109.85 2395 63.96 18299 13531 8263 5520 65046 119.62 5046 2528 45234
4. Bustness growth 117.92 1626 66.86 200.00 113.56 893 9380 140.80 119.71 1218 87.68 163.61
4 5. Average employee growth per
g enterprise 11515 12.16 6686 15510 114.16 1043 99.76 15575 11644 1317 8238 150.51
2 6. Average capital growth per
S enterprise 12892 2889 66.86 296.02 123.08 2043 7598 19723 12833 2986 87.68 29138
% 7. Average fixed asset and long-term
£ investment growth per enterprise 13127 4121 66.86 390.62 120.84 2078 66.57 204.10 130.86 48.56 87.68  476.82
8 8. Average net tumover growth per
enterprise 120.59 20.78 66.86 21571 12245 19.15 4739 17405 12841 2394 87.68 253.01
Results 2009 2010 2011
Mean  Std. Min  Max Mean  Std. Min Max  Mean  Std. Min Max
Technical efficiency (DEA) 1.11 0.09 1.04 148 1.10 0.07 1.03 133 1.12 0.09 1.04 1.50
PCI 59.12 6.21 4543 7596 58.10 4.87 48.91 69.77 5944 466 50.98 73:53
2009 - 2011
Mean Std. Min  Max
Technical efficiency change (effch) 1.00 007 083 1.22
Technical change (techch) 1.05 010 070 126
Pure efficiency change (pech) 1.00 006 083 1.20
Scale change (pech) 1.00 002 097 1.04
Total factor productivity change (tfpch) 1.05 0.14 066 1.50

Source: FIA (2009, 2010, 2011, 2012); USAID/VNCI-VCCI (2009, 2010, 2011) and author’s calculation.
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Figure 2. Ranking comparison between TE (DEA) 2009 and PCI 2009

(Source: Author’s calculation and USAID/VNCI-VCCI, 2009)
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Figure 3. Ranking comparison between TE (DEA) 2010 and PCI 2010

(Source: Author’s calculation and USAID/VNCI-VCCI, 2010)
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BRVT 1.29 Dak Lak 53.46
Dong Nai 1.30 Dak Nong 52.87
Long An 131 Bac Kan 52.71
Khanh Hoa 1.33 Lam Dong 51.75
Lai Chau 1.37 Ha Nam 51.58
Quang Ngai 1.50 Cao Bang 50.98
0 0.5 1 1.5 2 0.0000 20.0000 40.0000 60.0000 80.0000

Figure 4. Ranking comparison between TE (DEA) 2011 and PCI 2011
(Source: Author’s calculation and USAID/VNCI-VCCI, 2011)
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To identify differences and equivalences between PCI ranks and TE ranks, Table 2 describes the correlation
matrix of these two indexes. The correlative level of TE and PCI in 2009 is 0.4722 at 5% significant level. In
other years, these numbers are 0.3553 and 0.3569 in 2010 and 2011 respectively. These numbers reflect a not
high correlation between PCI and TE ranks. The reason of these differences should be explained by additional
business outcomes as outputs in DEA models.

Table 2. Correlation matrix of TEs (DEA) and PClIs

TE 2009 TE 2010 TE 2011 PCI 2009 PCI2010 PCI2011
TE 2009 1.000
TE 2010 0.318 1.000
TE 2011 0.045 0.076 1.000
PCI 2009 0.472 0.210 0.149 1.000
PCI 2010 0.299 0.355 0.027 0.776 1.000
PCI 2011 0.120 0.240 0.357 0.616 0.597 1.000

Source: Author’s calculation.

3.2 The Decomposition of the Malmquist Index

The TE rank analyses efficiency scores in each year, while the Malmquist index describes changes in
productivity, technical efficiency and technology during two periods, 2009 and 2011. The Figure 5 ranks
provinces by total factor productivity change. According to its results, Thai Nguyen province has highest
productivity improvement (1.5) while Ca Mau is the less improvement province. Looking insights of the
decomposition of total factor productivity, we can identify important contributions of both technical efficiency
growth (1.217) and technical growth (1.232). In the opposite position, total factor productivity change of Ca Mau
province is 0.675 less than 1. It reflects that productivity has been declining during the period of 2009-2011. In
two compositions of Ca Mau’s total factor productivity change, technical change (0.696) is less than technical
efficiency change (0.944). Technical change in this case reflects the downward shift of the frontier or how the
local government combines their input set to attract investment, for instance.
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Figure 5: Ranking by total factor productivity change in the period 20092011
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4. Conclusion and Discussion

PCI is the effective ranking system to reflect the performance and improvement of the local government. Since
2005, many provinces use PCI as the main indicator of their governance reforms. However PCI does not directly
reflect relation between its components and growth of business. This study does not aim to replace the current
PCI system. It promotes an additional index to the PCI through technical efficiency analysis. Technical
efficiency may be an additional approach to supply more understanding on effects of PCI’s components to
investment. Although there are the significant difference between PCI rank and TE rank, TE rank should be the
supplement of PCI rank to lead to a more comprehensive assessment. However, it is necessary to notice that a
province with high TE does not mean high investment in that area. TE is simply the comparison between the
proportion of inputs and outputs. In the other words, a low TE province may or may not have low investment
and therefore improvements are always necessary for investment attraction. Malmquist index, in the other hand,
is the important indicator to analysis efforts of the local governments during the period of years. This index may
be useful to assess long-term improvement instead of annual assessments of PCI or TE ranks.

However, in methodology aspect, there are some criticism concerning composite indicators that are used for
ranking or bench-marking countries’ performances. M. Saisana et al. (2004) promotes the use of uncertainty
analysis and sensitivity analysis to build composite indicators for countries’ rankings. According to the authors,
this alternative methodology could provide information on whether the countries’ rankings measure anything
meaningful and could reduce the possibility that composite indicators may send misleading or non-robust policy
messages.

This study is absolutely based on both sub-indices and their weights of the PCI ranking system. This choice
allows the new ranking is able to compare and supplement to the current PCI ranking. However it may be also
the reason for replication of PCI’s weaknesses if existed. It therefore raises demand for future works to rank local
government’s performance by other alternative methodologies as M. Saisana et al. (2004)’s suggestion, for
instance.
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