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Abstract
Corruption levels are clustered in space and time simultaneously, and they differ not 
only between but also within countries. This study adds to the literature by shed-
ding new light on the cause of corruption. Specifically, it investigates a further ques-
tion that arises whether there is an effect on the corruption levels of neighboring 
sub-national regions within a country over time. Using the Dynamic Spatial Dur-
bin models with provincial data during 2006–2017, this paper finds that the cor-
ruption levels of a specific province are influenced by both corruption level and its 
lags of neighboring provinces, and this effect decreases with more considerable 
geographic distance between provinces. Estimated results also show that the spa-
tio-temporal dependence of corruption levels is explained by spatial externalities, 
including immigration, provincial governance and policy, but not economic devel-
opment. These results provide theoretical applications for studying corruption and 
shed light on anti-corruption policy design in transitional countries where corrup-
tion is rampant.

Keywords  Spatio-temporal dependence · Dynamic spatial model · Corruption · 
Anti-corruption · Vietnam

JEL Classification  C23 · D73 · O18

Introduction

Corruption is a research issue that has received much attention from academics, 
policymakers, and practitioners (Gründler & Potrafke, 2019; Nguyen & Le, 2021). 
The hypothesis of modest corruption accelerating economic growth no longer exists. 
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Instead, corruption impedes economic growth and efficiency (Mauro, 1995), weak-
ens the rule of law and the functioning of government (Treisman, 2007), erodes trust 
in societal institutions (Rothstein & Uslaner, 2005), and reduces a country’s welfare 
significantly. Despite the application of anti-corruption measures and initiatives at 
different levels, corruption is still a worldwide phenomenon, especially in emerg-
ing and transitional countries (Transparency International, 2020). Previous studies 
have employed four main theoretical foundations to explain the causes of corruption, 
including corruption as rational action, corruption as institutionalized practice, cor-
ruption as cultural norms, and corruption as a moral failure. Recently, a few studies 
have focused on the spatial dependency of corruption to examine the roles of closer 
geographical areas whose corruption may affect that of their neighbors (Becker 
et al., 2009; Borsky & Kalkschmied, 2019; Lopez-Valcarcel et al., 2017). Ignoring 
the spatial dependence of corruption would lead to biased estimates and erroneous 
recommendations of anti-corruption policies (Anselin, 2008; Elhorst, 2014).

An emerging strand of studies focuses on spatial dependency as a cause of cor-
ruption, and corruption spreads across the country’s borders for different reasons. 
First, intensive economic integration among countries leads to a higher probability 
of corruption due to learning and peer-group effects (Becker et al., 2009). The move-
ment of resources, such as labor, capital, and outputs among countries, carries the 
climate of doing business and corruption practices across borders, which may affect 
corrupt acts in neighboring countries. Second, there are increasing social interac-
tions and cross-border activity of crime. From a sociological perspective, crimes or 
evil acts are contagious due to direct ties or indirect interactions among individuals 
(Pinto et al., 2008) or the quality of institutions. Thus, social networks and interac-
tions lead to corruption practices as a conduit of corruption contagion. Corruption 
increases in countries with less stringent anti-corruption policies encourages illegal 
money and asset transfers from neighboring countries.

The spatial dependence of corruption occurs at national and sub-national levels 
but is empirically inconsistent. For example, few studies find corruption is conta-
gious (Becker et  al., 2009; Borsky & Kalkschmied, 2019; Goel & Nelson, 2007; 
Lopez-Valcarcel et al., 2017), and a few studies show no spatial effect of corruption 
(Donfouet et al., 2018; Márquez et al., 2011). In addition, existing studies that focus 
on spatial dependence do not yet consider spatial and time dependence of corruption 
simultaneously. In this sense, the effects of lagged corruption levels of a specific 
region and its neighboring regions are unintentionally ignored, and short-run direct 
and indirect effects on corruption are neglected. Therefore, a study on the spatio-
temporal dependence of corruption could help theoretically explain the complex 
interactions between provincial institutions of a province and those of neighbor-
ing provinces. Specifically, anti-corruption results are not only influenced by what 
a province does but also the anti-corruption efforts that happen in other provinces. 
This idea could direct regional coordination in the anti-corruption efforts in practice.

This paper investigates a further question that arises whether there is an effect on 
the corruption levels of neighboring sub-national regions within a country over time; 
specifically, it focuses on the spatial and time dependence of corruption. First, the 
paper examines whether corruption has spatial effects on corruption levels of neigh-
boring sub-national regions and whether the effects are dynamic. In other words, it 
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investigates both spatial effects and short-run direct and indirect effects on corrup-
tion. Second, it empirically explores the main predictors of the spatial dependence 
of corruption in a dynamic context accounting for spatial externalities, which are 
seldom addressed in previous work.

Using the dynamic spatial Durbin models with provincial data in Vietnam, this 
paper finds that the corruption level is influenced by the spatio-temporal depend-
ence of neighboring provinces’ corruption levels, and this effect decreases with 
more considerable geographic distance between provinces. The results also confirm 
that spatio-temporal dependency of corruption levels is explained by spatial exter-
nalities, including social interactions proxied by immigration, provincial governance 
and policy, but not provincial economic development level.

This paper differs from the literature in three aspects. First, the corruption lev-
els of a sub-national region are explained by the corruption levels and lags of cor-
ruption levels of neighboring sub-national regions. These determinants have seldom 
been addressed in previous studies. In this paper, dynamic spatial dependence mod-
els are employed to deal with the effects of corruption levels and lagged corrup-
tion of neighboring sub-national regions over time, simultaneously. Thus, this model 
solves the spatial lag limitation recognized in Borsky and Kalkschmied (2019). 
Second, this study used panel data to deal with the temporal impacts of changes in 
neighboring sub-national regions’ corruption levels and impacts in the same party-
led sub-national regions. So, it further investigates and offers a feasible solution for 
the limitation figured out in Borsky and Kalkschmied (2019) and responses to the 
call for further research of Lopez-Valcarcel et al. (2017). Third, it is among the first 
to provide empirical evidence of spatio-temporal dependence of corruption at the 
sub-national level within an emerging country, where corruption is rampant, and 
anti-corruption is still inefficient. This empirical result sheds light on the need for 
anti-corruption policy design to consider spatial interdependencies, spatial heteroge-
neity, and the temporal impacts of the neighboring sub-national regions’ corruption 
levels as a cause of corruption.

Following this introduction, “Literature Review” section   provides a literature 
review on the theoretical foundations, spatio-temporal model, and spatial determi-
nants of corruption. “Corruption Distribution in Vietnam” section   describes cor-
ruption distribution across provinces in Vietnam. “Methodology” section   outlines 
methodology, including the development of the spatial weight matrices, spatial cor-
relation test, estimated models, and variables used. “Empirical Results” section pre-
sents the estimated results and discussion, and “Conclusion” section concludes the 
paper.

Literature Review

Theoretical Foundations of Corruption

Literature on corruption focuses on the motivations and anti-corruption measures 
from different perspectives. First, from an economic perspective, corruption is a 
rational act based on a simple cost and benefit analysis. Corruption occurs when the 
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benefit of corruption is greater than the total potential costs of corruption, includ-
ing direct costs of bribes and indirect costs; for example, costs from being caught 
(Lambsdorff, 2007; Shleifer & Vishny, 1993; Treisman, 2000). Corruption can be 
used as an instrument for beating competitors (Nguyen et al., 2016; Oliver, 1997); 
a way to reduce transaction costs (Lambsdorff, 2002), risk, and uncertainty in doing 
business (Søreide, 2009); a means to pursue governmental support (Husted, 1994); 
and a tactic to attain unfair favorable treatments, such as business licenses in the 
natural monopoly resources, conditional business, accessing government contracts, 
and avoidance of taxes and fines (Jeong & Weiner, 2012; Nguyen et al., 2016). Sec-
ond, corruption is an institutional practice. Economic actors do not have alterna-
tives to paying bribes as corruption is a common acceptance. They must follow the 
local institutions to avoid “being kicked out of the game” (Zhou et al., 2013). Some 
countries or government entities are passing laws that are advantageous for the inter-
ests of specific groups but disadvantage most ordinary people (Castro et al., 2020). 
Countries with low quality of market-supporting institutions and weak law enforce-
ment systems are more likely to suffer institutionalized corruption, and corrupt prac-
tices institutionalized into organizations make it more challenging to fight. Third, 
a theoretical foundation considers corruption as a sociocultural norm. Corruption 
is observed as more prevalent in some cultural and social contexts. It commonly 
occurs in environments where culture, tradition, history, and social norms reflect an 
acceptance and even encourage lower standards of ethical behavior. Conversely, it 
is less likely in communities with strong anti-corruption will (Nguyen & Le, 2021). 
Also, corruption is differently perceived in different cultures and countries. Using 
informal rules/mechanisms or giving gifts is important in guanxi culture to do busi-
ness; yet, in the West, these practices violate bureaucratic norms and are considered 
a form of corruption. Many empirical studies show the link between culture and 
corruption, and they are well documented in Castro et  al. (2020). Fourth, corrup-
tion is a moral failure. This theoretical perspective argues that corruption results 
from a failure to apply ethical principles and moral reasoning, which lead to the 
corrupt act. According to McKinney and Moore (2008), corruption can be described 
as moral reprehensibility, cheating, or social disease. The decision-making of cor-
rupt behaviors is ethical and does not relate to resources, benefits, and costs. Instead, 
the economic actors principally do the right things and correct ethical principles in 
a specific circumstance. This moral failure perspective of corruption brings essen-
tial theoretical, practical, and pedagogical implications to the anti-corruption agenda 
(Castro et al., 2020).

The above theoretical foundations of corruption provide alternative and practical 
views on explaining the causes of corruption. However, they do not address spatial 
effects as a determinant explaining corruption across space, and the spatial depend-
ence of corruption is seldomly investigated.

Spatial Dependence and Spatio‑Temporal Dependence in Corruption

It is widely accepted that corruption is a global problem requiring global measures 
(Elliott, 2002). This point of view is supported by economists who have examined 
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how corruption spreads across borders described as a contagion effect, and whereby 
domestic corruption takes on the characteristics of corruption in geographically proxi-
mate countries or sub-national regions (O’Trakoun, 2017). Corruption differs not only 
between countries but also between sub-national levels (Becker et al., 2009; Borsky & 
Kalkschmied, 2019; Lopez-Valcarcel et al., 2017). Spatial dependence of corruption is 
explained by (i) economic integration, including the movement of resources, openness, 
and resources allocation across borders (Becker et al., 2009; Bologna, 2017; Borsky 
& Kalkschmied, 2019; Donfouet et al., 2018); and (ii) social interactions, via the spa-
tial sharing of institutional, cultural, or other hidden values (Dong et al., 2012; Lopez-
Valcarcel et al., 2017). Studies on the spatial dependence of corruption have focused on 
investigating whether corruption spills over geographical borders. Cross-sectional data 
or panel data have been commonly used for estimating this spatial dependence of cor-
ruption (Becker et al., 2009; Dong et al., 2012; Lopez-Valcarcel et al., 2017; Márquez 
et  al., 2011). However, these previous studies have some limitations. For example, 
O’Connor and Fischer (2014) assert that cross-sectional analyses provide an inadequate 
understanding of what influences corruption over time since the spatial dependence 
from source regions is complex. Elhorst (2010) argues that spatial dependence includes 
direct and indirect effects and short- and long-term effects. The direct effect means the 
effect on dependent variable yi resulting from a change in the kth explanatory variable 
(Xk) in the ith region. The indirect effect on the dependent variable yj (j 1 i) results from 
a change in the kth explanatory variable (Xk) in the ith region. The existing empirical 
studies have relied on economic theory and spatial models to entail long-term equilib-
rium relationships.

According to Anselin (1988), spatial effects result from spatial dependence and spa-
tial heterogeneity. Based on these two spatial impacts, three basic spatial econometric 
models are developed, including the spatial autoregression model (SAR), spatial errors 
model (SEM), and spatial lag of independent variables model (SLX). Some studies on 
the spatial dependence of corruption have used those model specifications for estimat-
ing spatial effects of corruption, such as Márquez et al. (2011), Lopez-Valcarcel et al. 
(2017), Donfouet et al. (2018), and Borsky and Kalkschmied (2019). However, these 
models do not allow estimating the effects of space and time simultaneously, and they 
are incapable of capturing the spatially short-term effects of corruption (Elhorst, 2010).

Anselin (2008) proposes dynamic spatial models with lag dependence, including 
the pure space-recursive model, time–space recursive model, time–space simultane-
ous model, and time–space dynamic models to estimate the short-term effects in spa-
tial models. However, the literature has not documented a single study that examines 
whether corruption spills over geographically across areas’ borders and over time 
simultaneously. This paper uses a spatio-temporal model previously not deployed to 
investigate the contagion of corruption across provinces within a country.

Determinants of Spatial Dependence in Corruption

Previous studies explain corruption by using variables, including historical and cul-
tural tradition, levels of economic development, political institutions, and govern-
ment policies (Treisman, 2000). More recently, studies have found that corruption 
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levels can spread from a region to its neighbors due to political culture, social inter-
actions, immigration, and geographical distances (Becker et  al., 2009; Borsky & 
Kalkschmied, 2019; Castro et al., 2020; Dimant et al., 2014); and the level of eco-
nomic development, foreign aid, investment, and trade openness (Attila, 2008; Bolo-
gna, 2017; Borsky & Kalkschmied, 2019). Lopez-Valcarcel et al. (2017) explain the 
spatial dependence of corruption because the country or sub-national regions share 
common historical cultures, institutions, and economic backgrounds. In short, there 
are several factors spatially influencing corruption levels across regions, of which 
economic development level, social interactions/networking among regions, and 
institutions are consistently main drivers. In more recent studies, those determi-
nants of corruption levels are examined in spatial spillover and time dynamic con-
texts, which have rarely been investigated to date (Donfouet et al., 2018). However, 
those studies separately examine their impacts on spatial dependence of corruption 
in space at a specific time or overtime. It leaves the simultaneous spatial and time 
effect of corruption for further research.

Corruption Distribution in Vietnam

Anti-corruption is a political agenda and priority of the Vietnamese Party and Gov-
ernment. The anti-corruption legal framework has significantly improved over the 
past few years with the adoption of the new Anti-Corruption Law and Penal Code. 
Several corruption measures are newly recognized and regulated, such as con-
flicts of interest, asset declaration, and sanctions against heads or deputies of cor-
rupt organizations. The anti-corruption measures have been strictly implemented 
to narrow the policies’ discretion, with administrative reforms reducing the dis-
cretion of civil servants and controlling conflicts of interest to minimize collusion 
between enterprises and civil servants. Many grand corruption cases, which have 
been recently put to trial, positively affect anti-corruption efforts in Vietnam. For 
the first time since 2011, a decrease in perceived corruption in public services was 
reported in Provincial Competitive Index (PCI) and Towards Transparency surveys 
(Towards Transparency, 2020). Despite improvement in anti-corruption efforts, cor-
ruption is still rampant throughout the country, and anti-corruption achievements lag 
behind other Asian countries regarding corruption perception and governance index. 
The corruption perception index constructed by Transparency International (2020) 
shows that Vietnam ranks 117 out of 180 participating countries. The “control of 
corruption” sub-index in Worldwide Governance Indicators of Vietnam (34.1) is 
even lower than that of neighboring regional countries like Singapore (99.5), Malay-
sia (62.5), Thailand (39.4), and Indonesia (38.0); and lower than the average level of 
the lower-middle-income countries (36.9) (Kaufmann & Kraay, 2020).

Corruption in Vietnam has a clear geographical pattern. Corruption is more 
prevalent in some specific regions but less in others. The spatial distribution of 
corruption among provinces has been clearly recognized over time. Data on cor-
ruption adapted from PCI and the Vietnam Provincial Governance and Public 
Administration Performance Index (PAPI) surveys on the perception of corrup-
tion from enterprises and citizens, respectively, show that corruption levels are 
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either high or low among provinces in certain economic regions. For example, the 
Red River Delta region, an economic center in the North, including the capital 
of Hanoi, has a high proportion of citizens and businesses perceiving corruption; 
meanwhile, provinces in the Mekong River Delta region have lower rates of per-
ceived corruption. Similar corruption levels occur in geographically close prov-
inces in other economic regions in Vietnam. A notable pattern is that the corrup-
tion levels among provinces are clustered over time. This result is shown clearly 
in Fig. 1. Red provinces are corrupt, and more lightly colored ones are less cor-
rupt. Local corruption has been prevalent across regions in Vietnam, but impor-
tantly, some of red and some of the similar lighter-color areas are clustered in 
space and over time. In other words, there is a local geographical pattern among 
provinces accused, and this spatial distribution of corruption at the provincial 
level is clustered over time.

Methodology

The empirical estimation strategy of this paper has three steps: (i) testing whether 
spatial dependence of corruption exists, (ii) checking the best fitted spatial 
dependence model with sample data, and (iii) estimating the spatial effects of cor-
ruption in spatio-temporal models. This methodology focuses on four issues: spa-
tial weight matrix, spatial correlation test, estimated models, and data/variables.

Fig. 1   Map of corruption distribution in Vietnam
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Spatial Correlation Test

The paper uses Moran’s I to check whether spatial dependence of corruption 
exists. Moran’s index depends on the spatial weight matrix and reflects the degree 
of spatial correlation between observations. The value of Moran’s I of variable x 
can be calculated using the following formula:

where wij is an element of the spatial weight matrix, showing the spatial 
dependence between geographical areas i and j; and n is the number of geograph-
ical areas in the sample data. Moran’s I test performs the null hypothesis with 
no spatial correlation in the data. When the null hypothesis is rejected, a spatial 
correlation is in the sample data, or variable x of a geographical area correlates to 
variable x of neighboring areas.

Spatial Weight Matrix

Estimation of a spatio-temporal model requires a spatial weight matrix. It is a 
square matrix with a dimension of N x N, where N is the number of geographi-
cal areas/regions. Previous studies have provided several ways to build a spatial 
weight matrix. In this paper, two different types of spatial weight matrices are 
used: a spatial contiguity weight matrix and a centroid distances-based weight 
matrix. They are exogenously computed by the geographic information system 
(GIS).

First, the spatial contiguity weight matrix includes weight elements showing 
whether spatial units share a boundary. If the set of boundary points of unit i is 
denoted by bnd (i), then queen contiguity weights are defined by formula:

wij =

{

1, bnd(i) ∩ bnd(j) ≠ 0

0, bnd(i) ∩ bnd(j) = 0

This spatial weight matrix is normalized by the row to avoid the asymmetry issue 
of the spatial weight matrix.

Second, weights are defined as a function of the distance between region i and j, 
dij, where dij is usually computed as the distance between their centroids or another 
important unit. Let Lond(i) and Lond(j) be the longitude and Latd(i) and Latd(j) the lat-
itude coordinates of region i and j measured by degrees, respectively. Lonr(i) and 
Lonr(j) are the longitude and Latr(i) and Latr(j) the latitude coordinates of region i and 
j measured by radians, respectively. Two ways are used to measure dij:

	 (i)	 Euclidean distance. Few previous studies use the Euclidean distance to meas-
ure the distance between region i and j, and it is calculated as:

(1)I =
n

∑n

i=1

∑n

j=1
wij

×

∑n

i=1

∑n

j=1
wij(xi − x)(xj − x)

∑n

i=1

�

xi − x
�2
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		    de
ij
=

√

(Lond(i) − Lond(j))
2 + (Latd(i) − Latd(j))

2  . However, the Euclidean 
distance does not take into account the curvature of the Earth (Arbia et al., 
2010).

	 (ii)	 Great circle distance. Previous studies usually preferred the great circle dis-
tance to overcome the ignorance of curvature of the Earth when using the 
Euclidean distance. The great circle distance is calculated using the Haversine 
formula as follows:

dij = r ∗ arccos
[

cos
(

Lonr(i) − Lonr(j)
)

∗ cosLatr(i) ∗ cosLatr(j) + sinLatr(i) ∗ sinLatr(j)
]

where r is the Earth’s radius.
This paper measures the distance between provinces by using the Great circle dis-

tance and calculating a spatial distance weight matrix. According to Mitchel (2005), 
the conceptualization of spatial distance has three types: inverse distance, threshold 
distance, and zone of indifference (the combination of inverse distance and threshold 
distance). The zone of indifference is used to measure the distance weight matrix, 
which has its elements as:

wij =

{

1

dij
if0 ≤ dij < dmax

0ifdij ≥ dmax
where dmax is the distance band.
This paper uses the incremental spatial autocorrelation (spatial statistics) from 

ArcGIS Pro to choose the distanced band (dmax). With a certain distance, spatial 
autocorrelation provides a Z-score. Distances between the peaks of Z-scores reflect 
distances where the spatial processes promoting clustering are most pronounced. 
Based on the distanced band (dmax), the distance-based spatial weight matrix is 
obtained. The centroid great circle distance procedure calculation implies that the 
greater the distance between regions i and j, the smaller the spatial weight.

Estimated Models

A general time–space dynamic model or spatio-temporal model includes all three 
possible lags of the dependent variable. It can be described as follows:

where ui,t = λWui,t + εi,t; Y is the dependent variable as corruption. X is a vector 
of explanatory variables, including two important variables (i) economic integration, 
including the movement of resources, openness, and resources allocation across bor-
ders (Becker et al., 2009; Bologna, 2017; Borsky & Kalkschmied, 2019; Donfouet 
et al., 2018); and (ii) social interactions, via the spatial sharing of institutional, cul-
tural, or other hidden values (Dong et al., 2012; Lopez-Valcarcel et al., 2017). Those 
variables make corruption spatially spread out. W is the spatial weight matrix. u is 
the error terms; ε = (ε1, … ε N) is a vector of disturbance terms. εi are independently 
and identically distributed error terms for all i with zero mean and variance σ2. The 
parameter φ is a serial autoregressive parameter showing the dependent variable 

(2)Yi,t = φYi,t−1 + δWYi,t−1 + ρWYi,t + θWXi,t + Xi,tβ + ui,t
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lagged in time. δ is the space and time autoregressive parameter measuring the 
dependent variable lagged in both space and time. ρ is the spatial autoregressive 
coefficient measuring the dependent variable lagged in space. λ is the spatial auto-
correlation coefficient; θ measures the exogenous interaction effects among the inde-
pendent variables. β measures the impact of the independent explanatory variables.

The spatio-temporal model in Eq.  (2) is a general specification, but its estima-
tion may be complicated because of identification problems. With the development 
of technology and statistical software, the model has been extensively applied in 
regional studies recently but has seldom been used in measuring the spatial depend-
ency of corruption. Following model specification of the spatio-temporal model 
developed by Belotti et al. (2017), the empirical model with three different possible 
lags of corruption levels and explanatory variables that spatially determine the cor-
ruption of a specific geographical area is used.

According to Elhorst (2014), the dynamic spatial dependence model provides both 
short- and long-run direct and indirect effects, also known as spatial spillover effects:

–	 The short-run direct effect measures the average impact of a unit change of the 
explanatory variables in a specific region on the dependent variable in the same 
region. It can be expressed as: [(I − �W)−1 × (�

k
I + �

k
W)

]d , where superscript d denotes 
the operator that calculates the average of diagonal elements of the spatial weight 
matrix. Other parameters are defined above.

–	 The short-run indirect effect measures the average influence of a unit of the 
explanatory variables in a region on the dependent variable in all neighboring 
sub-national regions. It can be calculated by [(I − �W)−1 × (�

k
I + �

k
W)

]rsum , where the 
superscript rsum denotes the operator that calculates the average row sums of the 
off-diagonal elements of the spatial weight matrix. Other parameters are defined 
above.

–	 The long-run direct effect is measured as [((1 − �)I − (� + �)W)−1 × (�
k
I + �

k
W)

]d , where 
superscript d and other parameters are defined above.

–	 The long-run indirect effect is measured as [((1 − �)I − (� + �)W)−1 × (�kI + �kW)
]rsum , 

where superscript rsum and other parameters are defined above.

The estimation strategy is as follows: (i) we conducted several tests to deter-
mine if the spatio-temporal model is the most efficient or best fitted for studying 
spatial dependence of corruption in the sample data; and (ii) the spatio-temporal 
model is estimated by using two different spatial weight matrices to check whether 
the spatio-temporal effects of corruption are robust and how they respond to the dis-
tance among geographical areas/regions. The spatio-temporal model or time–space 
dynamic model is estimated by procedures developed by Elhorst (2014) and Belotti 
et al. (2017).

Variables and Data

Data of this paper are adapted from two sources: the PCI survey conducted by the 
Vietnam Chamber of Commerce and Industry (VCCI) and the General Statistics 
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Office of Vietnam (GSO). The PCI survey is conducted annually to assess and rank 
the economic governance quality of provincial authorities in creating a favora-
ble business environment for developing the private sector. The overall PCI com-
prises ten sub-indices, reflecting economic governance areas that affect private sec-
tor development. Among these are the three variables: corruption, transparency, 
and proactivity of provincial leadership. Other variables/measures are from GSO 
sources; all variables are measured at provincial levels during 2006–2017.

The within-country panel data controls for the province-invariant and time-invar-
iant variables in the econometric analysis (Hsiao, 2014). Thus, the within-country 
panel data control regional heterogeneity and differences in culture and institutional 
variation across provinces when using cross-sectional within-country data or cross-
province datasets (Dong et al., 2012). This paper uses the spatio-temporal depend-
ence model specified in Eq. (2) to investigate the changes of corruption clustered in 
space and time.

The dependent variable is measured by the agreement rates once asking if “enter-
prises in your line of business have to pay for informal charges”, and it is aggregated 
to the provincial level. Provincial corruption is a function of its lags, current and his-
torical corruption levels of neighboring provinces, and current and historical factors 
of province-specific and neighboring provinces. Previous studies explain corrup-
tion by using historical, cultural traditions and social interaction, levels of economic 
development, political institutions and government policies, and other factors (Dim-
ant et al., 2014; Dong et al., 2012; Le et al., 2021; Treisman, 2007). Based on the 
determinants of corruption found in the literature, this study uses net-migration rate, 
immigration rate, and freight traffic as proxies for social interaction; GRDP, open-
ness, imports, investment, and provincial budget expenditures as proxies for eco-
nomic development; transparency and proactivity of provincial leadership as proxies 
for political institutions and government policies; and other factors such as labor to 
control for province-specificity. The definitions, measures, and descriptions of vari-
ables are presented in Table 1.

Empirical Results

Spatial Correlation Test

Descriptive analysis shows a geographical pattern of local corruption in Vietnam, 
but it would be helpful to test whether a spatial pattern in the distribution of local 
corruption exists. This paper uses a classical test of Moran with two different weight 
matrices: contiguity and distance weight matrices. The Moran test results are pre-
sented in Table 2.

Using two weight matrices helps to assess the robustness of the findings. Moran 
test results with two different spatial weight matrices are consistent and statisti-
cally significant at the conventional significance level. All the local Moran I indi-
ces are statically positive and significant, showing a positive spatial autocorrela-
tion of sub-national regions’ corruption levels. It implies a robust spatial pattern in 
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1 3

Ta
bl

e 
1  

D
es

cr
ip

tio
n 

of
 v

ar
ia

bl
es

 (2
00

6–
20

17
)

Va
ria

bl
es

D
es

cr
ip

tio
n

M
ea

n
St

d.
 D

ev
So

ur
ce

C
or

ru
pt

io
n

C
or

ru
pt

io
n 

is
 m

ea
su

re
d 

by
 ra

te
s o

f a
gr

ee
 o

nc
e 

as
ki

ng
 if

 “
en

te
rp

ris
es

 in
 y

ou
r l

in
e 

of
 b

us
i-

ne
ss

 h
av

e 
to

 p
ay

 fo
r i

nf
or

m
al

 c
ha

rg
es

.”
60

.5
9

10
.8

6
Pr

ov
in

ci
al

 C
om

pe
tit

iv
en

es
s I

nd
ex

N
et

-m
ig

ra
tio

n 
ra

te
N

et
-m

ig
ra

tio
n 

ra
te

 re
fle

ct
s t

he
 st

at
us

 o
f i

n-
m

ig
ra

tio
n 

an
d 

ou
t-m

ig
ra

tio
n 

of
 th

e 
po

pu
la

tio
n 

in
to

/o
ut

 fr
om

 a
 te

rr
ito

ria
l u

ni
t i

n 
th

e 
re

fe
re

nc
e 

pe
rio

d
-1

.2
7

8.
07

G
en

er
al

 S
ta

tis
tic

s O
ffi

ce
 o

f V
ie

tn
am

In
-m

ig
ra

tio
n 

ra
te

Th
e 

nu
m

be
r o

f p
eo

pl
e 

fro
m

 d
iff

er
en

t t
er

rit
or

ia
l u

ni
ts

 in
-m

ig
ra

te
s t

o 
a 

te
rr

ito
ria

l u
ni

t i
n 

th
e 

re
fe

re
nc

e 
pe

rio
d 

on
 av

er
ag

e 
pe

r 1
,0

00
 p

eo
pl

e 
of

 th
e 

in
-m

ig
ra

tio
n 

te
rr

ito
ria

l u
ni

t
5.

86
8.

24
G

en
er

al
 S

ta
tis

tic
s O

ffi
ce

 o
f V

ie
tn

am

O
pe

nn
es

s
O

pe
nn

es
s i

s t
he

 ra
tio

 o
f e

xp
or

t a
nd

 im
po

rt 
to

 p
ro

vi
nc

ia
l g

ro
ss

 re
gi

on
al

 d
om

es
tic

 p
ro

du
ct

s
1.

09
1.

66
G

en
er

al
 S

ta
tis

tic
s O

ffi
ce

 o
f V

ie
tn

am
Lo

g 
of

 Im
po

rt
Tr

an
sa

ct
io

ns
 in

 g
oo

ds
 a

nd
 se

rv
ic

es
 to

 a
 re

si
de

nt
 o

f a
 ju

ris
di

ct
io

n 
fro

m
 n

on
-r

es
id

en
ts

8.
78

2.
01

G
en

er
al

 S
ta

tis
tic

s O
ffi

ce
 o

f V
ie

tn
am

Lo
g 

of
 G

R
D

P
Lo

g 
of

 g
ro

ss
 v

al
ue

 a
dd

ed
 o

f a
ll 

re
si

de
nt

 p
ro

du
ce

r u
ni

ts
 in

 th
e 

re
gi

on
, a

nd
 a

na
lo

go
us

 to
 

na
tio

na
l g

ro
ss

 d
om

es
tic

 p
ro

du
ct

9.
99

0.
92

G
en

er
al

 S
ta

tis
tic

s O
ffi

ce
 o

f V
ie

tn
am

Lo
g 

of
 In

ve
stm

en
t

Lo
g 

of
 c

ap
ita

l s
pe

nd
in

g 
to

 in
cr

ea
se

 o
r m

ai
nt

ai
n 

ca
pa

ci
ty

 a
nd

 re
so

ur
ce

s f
or

 p
ro

du
ct

io
n

8.
96

0.
90

G
en

er
al

 S
ta

tis
tic

s O
ffi

ce
 o

f V
ie

tn
am

Lo
g 

of
 L

ab
or

Lo
g 

of
 la

bo
r i

nc
lu

de
s t

ho
se

 a
ge

d 
15

 y
ea

rs
 o

r o
ld

er
 e

m
pl

oy
ed

 o
r u

ne
m

pl
oy

ed
 d

ur
in

g 
th

e 
re

fe
re

nc
e 

pe
rio

d 
(7

 d
ay

s p
rio

r t
o 

th
e 

tim
e 

of
 o

bs
er

va
tio

n)
6.

52
0.

56
G

en
er

al
 S

ta
tis

tic
s O

ffi
ce

 o
f V

ie
tn

am

Lo
g 

of
 F

re
ig

ht
 tr

affi
c

Lo
g 

of
 fr

ei
gh

t t
ra

ffi
c,

 w
hi

ch
 is

 c
al

cu
la

te
d 

by
 m

ul
tip

ly
in

g 
th

e 
vo

lu
m

e 
of

 fr
ei

gh
t c

ar
rie

d 
w

ith
 

th
e 

ac
tu

al
 tr

an
sp

or
te

d 
di

st
an

ce
8.

95
1.

12
G

en
er

al
 S

ta
tis

tic
s O

ffi
ce

 o
f V

ie
tn

am

Lo
g 

of
 P

B
E

Pr
ov

in
ci

al
 B

ud
ge

t E
xp

en
di

tu
re

s (
PB

E)
 m

ad
e 

by
 th

e 
pr

ov
in

ci
al

 g
ov

er
nm

en
t o

n 
co

lle
ct

iv
e 

ne
ed

s a
nd

 w
an

ts
 su

ch
 a

s p
en

si
on

, p
ro

vi
si

on
s (

su
ch

 a
s e

du
ca

tio
n,

 h
ea

lth
ca

re
, a

nd
 h

ou
si

ng
), 

se
cu

rit
y,

 in
fr

as
tru

ct
ur

e,
 e

tc

9.
07

0.
61

G
en

er
al

 S
ta

tis
tic

s O
ffi

ce
 o

f V
ie

tn
am

Tr
an

sp
ar

en
cy

Tr
an

sp
ar

en
cy

 is
 a

 m
ea

su
re

 o
f w

he
th

er
 fi

rm
s h

av
e 

ac
ce

ss
 to

 th
e 

pr
op

er
 p

la
nn

in
g 

an
d 

le
ga

l 
do

cu
m

en
ts

 n
ec

es
sa

ry
 to

 ru
n 

th
ei

r b
us

in
es

se
s, 

w
he

th
er

 th
os

e 
do

cu
m

en
ts

 a
re

 e
qu

ita
bl

y 
av

ai
la

bl
e,

 w
he

th
er

 n
ew

 p
ol

ic
ie

s a
nd

 la
w

s a
re

 c
om

m
un

ic
at

ed
 to

 fi
rm

s a
nd

 p
re

di
ct

ab
ly

 
im

pl
em

en
te

d,
 a

nd
 th

e 
bu

si
ne

ss
 u

til
ity

 o
f t

he
 p

ro
vi

nc
ia

l w
eb

pa
ge

5.
91

0.
83

Pr
ov

in
ci

al
 C

om
pe

tit
iv

en
es

s I
nd

ex

Pr
oa

ct
iv

ity
 o

f p
ro

-
vi

nc
ia

l l
ea

de
rs

hi
p

A
 m

ea
su

re
 o

f t
he

 c
re

at
iv

ity
 a

nd
 c

le
ve

rn
es

s o
f p

ro
vi

nc
es

 in
 im

pl
em

en
tin

g 
ce

nt
ra

l p
ol

ic
y,

 
de

si
gn

in
g 

th
ei

r o
w

n 
in

iti
at

iv
es

 fo
r p

riv
at

e 
se

ct
or

 d
ev

el
op

m
en

t, 
an

d 
w

or
ki

ng
 w

ith
in

 
so

m
et

im
es

 u
nc

le
ar

 n
at

io
na

l r
eg

ul
at

or
y 

fr
am

ew
or

ks
 to

 a
ss

ist
 a

nd
 in

te
rp

re
t i

n 
fa

vo
r o

f l
oc

al
 

pr
iv

at
e 

fir
m

s

5.
05

1.
29

Pr
ov

in
ci

al
 C

om
pe

tit
iv

en
es

s I
nd

ex

1154 C. T. Dang, C. Q. Le



1 3

the distribution of provincial corruption levels in Vietnam over time. Investigating 
which spatial dependence models explain the geographical pattern of local corrup-
tion is naturally necessary to have appropriate anti-corruption measures and policy 
recommendations.

Estimated Results

Several spatial dependence models can explain the geographical pattern in the distri-
bution of local corruption. Following Belotti et al. (2017) to determine which spatial 
econometric model offers the best fit with the sample data, the study first estimates 
the spatial Durbin model (SDM), then tests to exclude variables for nested models 
using the LR tests. To test the spatial autocorrelation model (SAC) and dynamic 
SDM models, this study employs the modified AIC criterion as Burnham and 
Anderson (2004). Testing for model selection results is presented in Table 3. The 
test results show that dynamic models are better than static ones, and the dynamic 
SDM model is better than dynamic SAR. Therefore, the dynamic SDM model is 
best fitted to study the spatio-temporal dependence in corruption across provinces in 
Vietnam.

Estimated results from the spatio-temporal dependence model are obtained from 
the specification in Eq. (2). They include the main effect in column (1), main effects 
with spatial impacts in column (2), short-run direct and indirect effects in columns 
(3) and (4), long-run direct and indirect effects in columns (5) and (6) of Tables 4 
and 5, respectively. The estimated results are obtained from two spatio-temporal 
dependence models using the spatial continuity weight matrix and spatial distance 
weight matrix. These empirical results are also used for robustness checking and 
show that estimates from Tables 4 and 5 are robust and consistent.

Table 2   Test Moran’s I for 
spatial autocorrelation of 
corruption

***, ** and * are significant at 1%, 5% and 10%, respectively

Year Moran’s I with contiguity 
weight matrix

Moran’s I with 
distance weight 
matrix

2006 0.2222*** 0.1197***
2007 0.1412* 0.0553***
2008 0.1324* 0.0575***
2009 0.4543*** 0.2655***
2010 0.5415*** 0.3575***
2011 0.3710*** 0.1994***
2012 0.1349* 0.0868***
2013 0.4535*** 0.2525***
2014 0.4169*** 0.2037***
2015 0.4532*** 0.2242***
2016 0.4036*** 0.2004***
2017 0.4963*** 0.2462***

1155Spatio-Temporal Dependence of Corruption in Vietnam



1 3

We are interested in coefficients Rho (ρ), the spatially lagged levels of corruption 
in space, and Sigma (δ), measuring the effects of spatially lagged corruption levels 
in both space and time. Also, the paper empirically explores the main predictors 
of the spatio-temporal dependence of corruption geographically across provinces in 
Vietnam by investigating the indirect effects of independent variables specified in 
Eq. (2).

The interested estimated parameter Rho (ρ) is positive and statistically signifi-
cant at the one percent level, meaning the corruption levels among provinces in 
the research sample are positively autocorrelated. This empirical result is for-
merly explained by historical and contemporary economic, cultural, and political 
exchanges among regions, and corruption of a province is influenced by that of its 
neighboring regions (Becker et al., 2009; Bologna, 2017; Borsky & Kalkschmied, 
2019; Donfouet et  al., 2018; Goel & Nelson, 2007; Lopez-Valcarcel et  al., 2017). 
On the one hand, provinces do not have policy-making authority in the Vietnamese 
context, resulting in similar institutional structures in neighboring regions. Corrup-
tion acts in these provinces would share a similar pattern when the geographical dis-
tance is smaller (Bologna, 2017; Seldadyo et al., 2010). On the other hand, although 
provinces have similar central policies, they have a considerable autonomy in the 
implementation. It would provide notable discretions among those provinces with a 
small degree of spatial dependence (Seldadyo et al., 2010). As a result, the corrup-
tion levels of a province reflect those of the neighboring provinces; the corruption 
levels of provinces in geographically close neighborhoods are similar.

The most interesting estimated parameter Sigma (δ) is positive and statistically 
significant at the conventional significance level. It implies that the corruption levels 
of a specific province are influenced by lagged corruption levels of other neighbor-
ing provinces. The result is essential to show that provincial corruption levels are 
affected by corruption levels of neighboring provinces in both space and time. In 
other words, better anti-corruption of neighboring provinces in the past is also help-
ful for corruption control of other provinces. Further, the estimate of Phi (φ) is posi-
tive and statistically significant at the one percent level, implying that the change in 
corruption levels is partly attributed to the temporal lag of corruption itself. These 
empirical results show a similarity in corruption levels among geographically and 
temporally close provinces in Vietnam.

Table 3   Spatio-temporal dependence – Test for model selection

Contiguity weight matrix Distance weight matrix

χ2 AIC χ2 AIC

SAR vs Dynamic SAR 465.17*** 456.29***
SDM vs Dynamic SDM 430.67*** 432.11***
SEM vs Dynamic SDM 515.52*** 507.39***
Dynamic SAR vs Dynamic SDM 43.04*** 46.93***
Spatial Autocorrelation Model (SAC) 5041.8 5032.6
Dynamic SDM 4645.2 4619.4

1156 C. T. Dang, C. Q. Le
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The positive and statistically significant parameters of Rho and Sigma and con-
struction of the distance weight matrix imply the spatial effect of corruption cross 
provinces is smaller when the distance between provinces is greater. It means that 
corruption levels of a province are more strongly influenced by those of geographi-
cally and temporally closer provinces. In addition, Rho is larger than an estimated 
coefficient of Sigma, meaning a province’s corruption levels are more strongly influ-
enced by the corruption levels of neighboring provinces in more recent periods. 
Therefore, the spatio-temporal effect of corruption is more substantial for geograph-
ically closer provinces at more recent periods. This empirical result is meaningful 
for recommendations on anti-corruption policy design.

Tables 4 and 5 also present the direct and indirect effects in the short- and long-
run, which show the impacts of independent variables on corruption levels across 
provinces. As mentioned, the direct effects on corruption have been well docu-
mented, but the indirect effects on corruption have been rarely examined. Thus, 
this study simultaneously focuses on the indirect effects of independent variables 
in space and time. Three important factors influence provincial corruption in space 
and time in the short- and long-run, including immigration, transparency, and pro-
activity of provincial leadership. The estimated results consistently show that the 
long-run indirect coefficients are larger than the short-run ones, implying the above 
independent variables have a more substantial impact on the corruption levels of 
neighboring provinces over time.

Inward immigration consistently has negative impacts on corruption in 
destination provinces. This empirical result can be explained by widespread 
rural–urban migration flows in Vietnam, and destination provinces are urban 
or industrialized, where corruption is much more prevalent than in the immi-
gration-origin areas (Nguyen & Le, 2021). Immigrants from less corrupt prov-
inces bring their low tolerance of corruption and robust anti-corruption cultural 
norms to the destination provinces, contributing to a decrease in corruption of 
destination provinces. A similar empirical result is also found in Dimant et  al. 
(2014). Transparency consistently has a positive indirect impact on corruption 
in both the short- and long-run, meaning a more transparent province will posi-
tively impact the corruption of neighboring provinces. According to the empiri-
cal findings in Nguyen et al. (2016), Vietnamese firms usually use corruption as 
an instrument of competition and bidding winning. If the business environment 
is transparent, the firms cannot use corruption to win the bidding. In this cir-
cumstance, the rent-seeking firms would move to neighboring provinces where 
they can use corruption for competition in doing business. Therefore, a more 
transparent business environment province leads to higher corruption levels in 
the neighboring provinces.

Another estimated result is a negative direct and indirect impact of proactivity of 
provincial leadership on corruption levels in both the short- and long-run. The pro-
activity of provincial leadership measures the creativity and cleverness of provinces 
in implementing central policy, designing their initiatives for private sector develop-
ment. More proactive leadership is strongly associated with lower corruption levels 
in that province and neighboring provinces. The provincial proactive leadership can 
support local firms and attract firms from neighboring provinces by their initiatives 
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for enterprise development. In this sense, the proactivity of provincial leadership is a 
potential measure for anti-corruption because corruption is clustered in space and time.

Conclusion

Corruption levels differ among and within countries, and they are clustered in 
space and time simultaneously. This paper uses the dynamic Spatial Durbin mod-
els to estimate the spatio-temporal dependency of corruption levels. It investigates 
the main predictors of the provincial corruption levels accounting for dynamic 
spatial externalities, which previous studies rarely examined. Data are adapted 
from the PCI survey and GSO for 63 provinces in Vietnam during 2006–2017. 
Empirical results show that provinces’ corruption levels are positively influenced 
by spatio-temporal dependence of neighboring provinces’ corruption levels. Fur-
ther, the spatio-temporal dependence of corruption levels is also explained by 
spatial externalities, such as immigration, provincial governance and policy, but 
not economic development.

A possible limitation of this study is the use of perceived corruption, which 
may have some drawbacks. Respondents from different sub-national regions may 
perceive corruption differently due to social norms and local tolerance of corrup-
tion. In addition, anti-corruption propaganda on mass media may affect respond-
ents’ perception even if the corruption cases are not in the local communities. 
Further research should use a measure of experienced corruption when respond-
ents access certain public administrative services.

Although the study has limitations, the results have some theoretical and mana-
gerial implications. From a theoretical perspective, corruption is clustered simul-
taneously in space and time, meaning that a region’s corruption levels are affected 
by region-specific corruption and neighbors’ corruption levels over time. Thus, 
estimations of the impact of corruption should use spatio-temporal dependence 
models to avoid underestimating the effects, get the short-run direct and indirect 
effects of corruption levels, measure the spatial externality effects from neigh-
boring regions, and get unbiased estimates. The result could theoretically explain 
the complex interactions between the region’s institutions and those of neighbor-
ing regions, and the spatio-temporal impacts of the neighboring corruption lev-
els are a cause of corruption. The results also suggest further research direction 
investigating the spatio-temporal effects of exogenous variables of neighboring 
sub-national regions on corruption levels and spatio-temporal dependence of cor-
ruption simultaneously. The proposed theoretical model could be better fitted to 
measure spatio-temporal effects on corruption levels, and its applications would 
provide more appropriate empirical evidence for anti-corruption policy design. 
Another theoretical contribution is an indirect spatial negative impact of income 
on corruption. Thus, increasing the income of neighboring regions/provinces 
could be a good measure for the anti-corruption of a region or province.

From a managerial perspective, the empirical results may have several impli-
cations for public policy. First, the anti-corruption policy should consider the 
spatio-temporal dependency of corruption. From a spatial dimension, empirical 
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results suggest that anti-corruption measures should be applied firmly in a hub 
of sub-national regions that promise substantial spillover effects. It may include 
sub-national regions, such as the capital, highly market integrated sub-national 
regions, and sub-national border regions. Besides, our result suggests that anti-
corruption measures should focus on the most recent corruption cases since 
they have robust and substantial spatial spillover effects. It is empirically true 
for externalities associated with the prosecution of corruption cases once lim-
ited resources are allocated to the anti-corruption effort. Second, anti-corruption 
programs should be coordinated at the regional or national levels to increase the 
effectiveness of anti-corruption efforts. As corruption is a spatio-temporal phe-
nomenon, the corruption of neighboring provinces influences local corruption 
levels. Failure to control corruption in certain areas would lead to others. The 
local approach to anti-corruption should aim for more expansive coverage based 
on national institutions. It needs more effective coordination of anti-corruption 
policies at the sub-national level. Third, the anti-corruption policy should focus 
on institution reform to curb corruption in sub-national regions across space and 
time. Simultaneous improvement of transparency across sub-national regions and 
proactivity of provincial leadership enables indirectly reducing corruption levels 
of neighboring sub-national regions. Fourth, promoting rural-to-urban migration 
and increasing GDP per capita could help reduce corruption at the provincial 
level in Vietnam.
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