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Abstract

Extant literature documents the negative environmental impacts of corruption on forest loss. More recently, research has
shown that both grand and petty corruption are associated with higher levels of forest loss in low- and middle-income
nations. However, the extant research neglects to assess how different types of grand and petty corruption impact forest
loss. To address the gap in the literature, this article differentiates the effect of various types of corrupt actions on forest
loss. Ordinary Least Squares (OLS) regression for a sample of 87 low- and middle-income nations from 2000 is used to
test if grand corrupt actions, namely embezzlement and bribes, and petty corrupt actions including theft and corrupt
exchanges are related to increased forest loss. The dependent variable uses satellite forest data from 2001 to 2014.
Results show that embezzlement, bribes, theft, and corrupt exchanges all impact forest loss, which suggests that policy
measures to curb corruption should take a holistic approach to corruption, rather than rely on individual interventions.
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1. Introduction
1.1 Corruption and Forest Loss

Corruption is a major barrier to forest conservation (Sundstrén, 2016a; Cavanagh, 2012; lverson, Chhetry, Francis,
Gurung, Pain, & Seely, 2005). Approximately 23 billion dollars of wood are cut illegally each year (Transparency
International, 2018; World Bank, 2018). Forest loss contributes to climate change, biodiversity loss, and it robs people
of their livelihoods—especially in low- and middle-income nations. Various researchers have made the connection
between forest loss and corruption in low- and middle-income nations cross-nationally (Meyer, van Kooten, & Wang,
2003; Barbier, Damania, & Léonard, 2005; Bulte, Damania, & Lopez, 2007; Laurance, 2007; Koyuncu & Yilmaz 2009,
2013; Sundstrédm, 2016b; Sommer, 2017).

In one of the first cross-national studies focusing in forest loss and corruption, Meyer, van Kooten, and Wang (2003)
find that the World Bank’s World Governance Indicator (WGI) control of corruption is associated with forest loss in 117
nations. Later, Barbier, Damania, and Léonard (2005) find that WGI control of corruption is related to decreased
agricultural land expansion (which is a leading cause of forest loss) for low- and middle-income tropical countries.
Bulte, Damania, and Lopez (2007) find similar results for nine Latin American countries. Using different corruption
data, Laurance (2007) finds that Transparency International’s Corruption Perception Index (CPI) is related to forest loss
in 12 Asian nations.

After 2007, research on forest loss and corruption has become more complex, using various aggregate measures of
corruption in the same analyses. Most notably, Koyuncu and Yilmaz (2009, 2013) find a positive and significant
relationship between forest loss and the CPI, the International Country Risk Guide (ICRG) index, the Business
Intelligence (BI) index, and the WGI control of corruption indicator. However, there have been contradictory
cross-national findings between corruption and forest loss. For instance, Shandra, Shircliff and London (2011) and
Aisbett, Doupe, and Tacconi (2013) find no relationship between corruption and forest loss. Sundstorm (2016a), as well
as others such as Meehan and Tacconi (2017) and Barret, Gibson, Hoffman, and McCubbins (2006) suggest these
inconsistent findings are due to a lack of theoretical frameworks of corruption and an absence of disaggregated data. In
response, Sommer (2017) uses corruption data from the Varieties of Democracy (V-Dem) (2016) and the Quality of
Governments (QoG) institute to test how disaggregated data on executive or grand corruption, and public sector or petty
corruption impacts forest loss. Using data for 87 low- and middle-income countries Sommer (2017) finds that both
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measures of corruption are related to forest loss.

While the aforementioned research represents an important shift in corruption and forest loss studies, it does not address
how specific corrupt actions impact forest loss cross-nationally. While the connections between corruption and forest loss
are well-studied, there is a gap in the literature when it comes to more specific ideas of corruption and forest loss, which
limits our ability to understand how different types of corruption may impact forest loss and what this looks like on the
ground theoretically. Therefore, though it is helpful to think of corruption in terms of government sectors and as grand or
petty, it is also necessary to conceptualize corruption in terms of measurable actions for current policy decisions and
theoretical framings of forest loss. Newly available data from V-Dem, which breaks down grand and petty corruption into
bribes, embezzlement, theft, and corrupt exchanges, makes such an analysis possible. Therefore, building off of the above
research, the current analysis uses Ordinary Least Squares (OLS) regression for a sample of 87 low- and middle-income
nations from 2000, to test if grand corrupt actions, namely embezzlement and bribes, and petty corrupt actions including
theft and corrupt exchanges are related to increased forest loss. The dependent variable uses satellite forest data from 2001
to 2014.

The article is organized in the following way. First, the theoretical framework is discussed by defining each corrupt action.
Second, there is a section on how corrupt actions should be related to forest loss. Third, there is a review of the
methodology, data, and findings. Lastly, the article concludes by summarizing the findings, discussing potential
limitiations, and suggesting policy recommendations and future research.

1.2 Background

Corruption is commonly defined as the ‘misuse of public power for private gain’ (see Transparency International, 2018).
The definition is intentionally vague in an attempt to capture the multifaceted and transforming meanings of this concept
(Sundstrom, 2016a; Meehan & Tacconi, 2017; Tacconi, Downs, & Larmour, 2009). While corruption is something that
‘we recognize when we see it,” it also varies by time and place, making it difficult for scholars and practitioners to agree on
a definition. Most scholars, especially when studying corruption in the forestry sector, move past this challenge by
choosing a theoretical frame for understanding corruption (please see Sundstrém (2016a) for a full review of all recent
literature concerning corruption and forest loss). These include thinking of corruption in terms of collusive and
non-collusive, political and public, or grand and petty (Callister, 1999; Koyuncu & Yilmaz, 2009; Sommer, 2017).

The current study employs a theoretical frame in part developed by Sundstrom (2016a), which elaborates how corruption
is rampant in government authorities, and can be broken down into grand corruption, which captures corruption by the
executive branch, and petty corruption, which refers to corruption in the public sector (Agrawal, 2007; Halkos, Sundstrom,
& Tzeremes, 2013). Following previous research, executive or ‘grand’ corruption is defined as bribes and embezzlement
that happen at the level of rulers and the cabinet, and public sector or “petty’ corruption as theft and corrupt exchanges that
occurs among low- and mid-level public officials (Coppedge, et al. 2016, 67). For instance, petty corruption could entail a
situation where an illegal exchange takes place between a public official and a logger to not enforce a regulation, where
grand corruption can entail a company bribing an executive official to enact a concession that allows logging in a
previously protected area (Callister, 1999; Sundstrom, 2016a; Meehan & Tacconi, 2017).

However, this study is less concerned with how these government bodies impact corruption and more interested in how
corrupt actions in both grand and petty forms impact forest loss. Therefore, the following section details how bribes,
embezzlement, theft, and corrupt exchanges should impact forest loss in an attempt to shift the discussion away from
corruption as a vague and all-encompassing concept to a series of measurable actions. Conceptualizing corruption as
actions rather than an overarching term may help in generating more specific policy recommendations that can identify
what corrupt actions are possible, how they impact forest loss, and what types of ameliorative policies we should focus
on.

1.3 Corrupt Actions and Forest Loss

Corrupt actions should impact forest loss in several ways. The following section is a review of how the four main
corrupt actions—Dbribes, embezzlement, corrupt exchanges, and theft—should impact forest loss with examples for each.
These are summarized in Table 1 below.
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Table 1. The Relationships Between Corrupt Actions and Forest Loss

Corrupt Action Example Key Sources

Bribes Peru Sears & Pinedo-Vasquez, 2011; Urrunaga et al., 2012; Putz
Grand & Romero, 2015
Corruption Embezzlement Malaysia Laurance, 2004, 2001; Speechly & Van Helden, 2012;

Straumann, 2014

Corrupt Democratic Republic of the Butler, 2013; Debroux et al., 2007; Siebert & Elwert 2004
Petty Exchanges Congo
Corruption Theft Costa Rica Miller 2011; Gore et al. 2013;

1.3.1 Bribes

Under the framework of grand corruption, executive officials can give companies and timber barons ‘preferential’
treatment for large bribes or payoffs (Miller 2011; Currey & Ruwindrijarto, 2001). Through this process corrupt leaders
and timber companies make deals to draw in profits (Callister, 1999). Officials may accept or ask for bribes to eliminate
or soften laws and restrictions, allowing loggers to access areas previously off limits (Callister, 1999). These decrees
may also lift protections on rare and valuable tree species, especially in tropical forests (Sundstrém, 2016a; Koyuncu &
Yilmaz, 2009). Moreover, an official may ask for a bribe to create forestry concessions, making logging more profitable.
For example, in Peru in 2000, several logging concessions gave power over forestland to large timber companies even
though most of the forestland in Peru was occupied by indigenous people (Sears & Pinedo-Vasquez, 2011; Urrunaga et
al., 2012; Putz & Romero, 2015). Logging concessions, permits, and contracts are often directly controlled or held by
the powerful political and economic ruling class, which support corporate logging for export, and should result in
increased deforestation (Laurance, 2004; Speechly & Van Helden, 2012; Straumann, 2014). In an attempt to reform
forest policy in Peru to reduce these environmentally damaging concessions, laws were later adopted to incorporate a
free trade treaty with the United States that would encourage legal forest trade (Urrunaga et al., 2012; Oliveira et al.,
2007). However, following the deal, several executive mandates created loopholes to convert forestland into agricultural
land, allowing for further executive corruption (Urrunaga et al., 2012). Despite civilian protest, which resulted in
violence, the executive sector was able to defend its orders for their own monetary gain (Oliveira et al., 2007).

1.3.2 Embezzlement

Embezzlement is another corrupt action within the framework of grand corruption. Executive powers can embezzle, or
misappropriate, funds generated from the profit of the forests in the form of private illegal gains (Palo, 2004; Finer et al.,
2014). Although these illegal actions can be taken to courts, many executive officials have the power to protect business
elites from any penalties (Palo, 2004). These instances are found in areas such as Indonesia, Cambodia, and the
Democratic Republic of the Congo, and often result in the clearing of large expanses of forests (Prager & Thisse, 2012;
Sereide, 2007; Sundstrom, 2016a). For example, in Malaysia, a lack of a transparent and accountable systems of
governance allowed corrupt executive politicians to lease out licenses for logging to corporations and private
individuals at the expense of Malaysian land owners (Laurance, 2004; Speechly & Van Helden, 2012; Straumann, 2014).
Malaysian leaders often engaged in money laundering and tax evasion to cover up dirty money from these
embezzlements (Straumann, 2014). Therefore, executive embezzlement should result in more forest loss.

1.3.3 Corrupt Exchanges

Within the framework of petty corruption, public sector officials are often in close proximity to forests which allows for
more interaction with loggers and companies (Siebert & Elwert 2004). These frequent interactions can sometimes
translate into corrupt exchanges which benefit underpaid forestry officials and loggers seeking to pay less for permits or
log on protected land (Sommer, 2017). For example, in 2002, the Democratic Republic of the Congo created a
moratorium against commercial logging; however, loggers found their way around the suspension by bribing officials
for artisanal permits (permits usually reserved for community logging) (Butler, 2013; Debroux et al., 2007). These
moratoriums allow logging companies to target endangered tree species for export to areas such as China and Europe
(Butler, 2013). Although the government has recently implemented other initiatives such as the Agricultural and Rural
Sector Rehabilitation Support Project (PARSAR), officials may engage in corrupt exchanges so that companies and
militiamen can circumvent such laws (Severin, 2010; Butler, 2013). This process can lead to increased forest loss,
especially if corrupt exchanges undermine issues with scarcity (Robbins, 2000).

1.3.4 Theft
Public officials can engage in the theft of resources generated from logging, which can make it appear on paper like less
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forests were cut through falsified documents. Forestry officials may also choose to not stamp permits, making it
difficult to track logger’s actions while also making funds easier to steal (Miller, 2011). This type of collusion with
loggers can increase false documentation, allowing larger amounts of trees to be harvested (Gore et al., 2013). Even
nations that have become very successful in environmental protection are at risk for petty theft, which can increase
forest loss. For example, in Costa Rica, forestry officials often have low salaries and may see their government position
as a gateway to making extra money (Miller, 2011). Likewise, in Costa Rica corruption in the forestry sector is
normalized and officials know what colleagues and loggers they can collaborate with for extra money (Miller, 2011).
Moreover, forestry officials may not want to report corrupt behaviors, as reporting leads to extra paperwork for
violations, which can leave acts underreported (Arias, 2005). In addition, officials may also intercept funds used for
forestry protection, reducing the quality of state conservation measures (Sommer, 2017). In sum, theft can skew forestry
figures and misplace environmental funds, which should increase forest loss. Based on the above relationships, it is
hypothesized that bribes, embezzlement, corrupt exchanges, and theft will correspond with higher levels of forest loss.

2. Method
2.1 Sample

The sample consists of 87 low and middle-income nations. Low and middle-income nations are defined using the World
Bank Atlas method (Shandra et al., 2016). Nations are included in the sample if they have a GNI per capita of 12,475
USD or less (World Bank, 2015). High income nations are excluded because the dynamics of forest loss differ in these
countries, and therefore are considered separate from low and middle-income nations in cross-national analyses
(Shandra et al. 2011). Moreover, low and middle-income nations generally have higher levels of forest loss and
corruption (Sommer, 2017). Therefore, the sample is restricted to low and middle-income nations®.

2.2 Statistical Model

The current analysis uses ordinary least squares regression to analyze the effects of corrupt actions on forest loss.
Researchers use OLS regression to estimate the factors that impact deforestation when longitudinal data are not
available (e.g., Shandra et al., 2010, 2016; Jorgenson & Burns, 2007). The formula for OLS regression is:

yi=a+ byXy +boXs .+ BXy + €

where,

y; = dependent variable for each country,

a = the constant,

b, to by = unstandardized coefficients for each independent variable,
Xk = independent variables for each country, and

e; =error term for each county.

All models have been checked to ensure adherence to all regression assumptions (Shandra et al., 2016; Allison, 1999).
First, variance inflation factor scores, reported in table 3, reveal no potential problems with multicollinearity (York,
Rosa, & Dietz, 2003). Second, variable transformations are used when appropriate to correct for non-normally
distributed variables and are noted in table 2 (Tabachnick & Fidel, 2013). Third, based on standardized residuals, it
appears that any potentially extreme cases are not biasing the results (Tabachnick and Fidel, 2013). Fourth, there seems
to be issues associated with heteroscedasticity based on Breush-Pagan statistics for each model, therefore, robust
standard errors are used (Tabachnick & Fidel, 2013).

2.3 Dependent Variable

Forest Loss: Cross-national research on forest loss often uses data from the United Nation’s Food and Agriculture
Organization’s Global Forest Resources Assessment (e.g., Shandra et al. 2011, 2016). However, some of these data are
gathered using collection methods that differ by nation (Grainger, 2008). Forestry statistics in some nations are more
reliable than others that are estimated from remote sensing surveys or extrapolated from outdated forestry inventories
(Food and Agriculture Organization, 2015; Grainger, 2008). To correct for these issues this analysis uses newly
available data on forest loss from high resolution satellite imagery in order to eliminate the potential source of error
(World Resources Institute, 2016; Hansen et al., 2010)°, these data are obtained from the World Resources Institute
(2016) Global Forest Watch web page. Forest loss is calculated by dividing the provided number of hectares of forest
losses in a country from 2001 to 2014 by the country’s total forest size in hectares for 2000, yielding the change of
forest loss over this period of time (Rudel et al., 2016; Rudel 2017).

One limitation of these data is that the imagery is only available for the time period of 2001-2014, although this type of
measurement is in line with past cross-national research (Shandra, 2007; Shandra et al., 2016). Another limitation of
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these data is that they are not suitable for over time comparisons using panel regression methods (Rudel, 2017). This
variable is logged due to skewness. Table 2 displays a bivariate correlation matrix for all the variables used in the
analysis. Unless otherwise noted, all data may be obtained from the World Bank (2015).

Table 2. Descriptive Statistics and Bivariate Correlation Matrix for Deforestation Analysis (N = 87)

Mean Standard 1) 2)
Deviation

(1) Forest Loss, 2001-2014 (In) 120 163 1.000

(2) Executive Corruption, 2000 .630 225 194 1.000
(3) Embezzlement, 2000 .560 1.105 .208 917
(4) Bribes, 2000 707 1.045 199 910
(5) Public Sector Corruption, 2000 .652 225 .236 .869
(6) Corrupt Exchanges, 2000 971 .997 .232 .821
(7) Theft, 2000 .709 1.040 .213 .810
(8) International Monetary Fund Credit, 2000 (In) 2.816 1.157 -.022 129
(9) Debt Service, 2000 (In) 3.563 .849 .065 .096
(10) Gross Domestic Product (per capita), 2000 (In) 6.674 1.001 -.281 -.349
(11) Economic Growth Rate, 1990-2000 (In) 1.727 .095 115 -.364
(12) Democracy, 2000 4.055 1.532 .024 414
(13) Forest Proximity to Infrastructure, 2000 13.330 14.031 116 -.181
(14) Rural Population Growth, 1990-2000 125 142 409 244
(15) Agricultural Land Area, 2000 44.740 20.860 .106 .075

@) Q) ®) © @ ®) ©) (10) 1) (12) (3) 14) (15)
1.000

821 1.000

838 789 1.000

834 757 941  1.000

823 787 927 844  1.000

113 103 061 .053  .000  1.000

084 023 037 -010  .056  .004  1.000

-394 -33  -399  -363 -434 063 -329 1000

-345  -384  -335  -317 -360 -470  -008  .251  1.000

481 416 374 405 421 -104  -129  -336  -161  1.000

-173  -129  -216  -229  -106  -083 189  -191  -009  .058  1.000

294 263 266 255 325  -232 192  -590 085  .131  .049  1.000
049 115 190 213 175 -109  -147  -151  -279 067 008  -.055  1.000

2.4 Independent Variables

Grand/Executive Corruption: According to Dahlberg et al. (2016), this variable measures the extent to which members
of the executive branch or their agents grant favors in exchange for bribes, kickbacks, or other material inducements,
and how often they steal, embezzle, or misappropriate public funds or other state resources for personal or family use.
High numbers of this variable represent high levels of executive corruption (Dahlberg et al. 2016). Based on the above
discussion, we should expect higher levels of executive corruption to be associated with higher levels of forest loss.
These data, as well as the data for the following three variables, are from the Varieties of Democracy Dataset (Dahlberg
et al., 2016). The creators of this dataset index the following two variables to measure the present variable (Dahlberg et
al., 2016).

Executive Embezzlement: This variable measures the extent to which the executive sector and their agents steal,
embezzle, or misappropriate public and state funds for family or personal use (Dahlberg et al., 2016). This variable is
multiplied by negative 1 so that high numbers represent high levels of executive embezzlement.

Executive Bribes: This variable measures the extent to which the executive sector and their agents grant favors in
exchange for bribes, kickbacks, or other material inducements (Dahlberg et al., 2016). Again, this variable is multiplied
by negative 1 so that high numbers represent high levels of executive bribery.

Petty/Public Sector Corruption: According to Dahlberg et al. (2016), this variable measures the extent to which
members of the public-sector grant favors in exchange for bribes, kickbacks, or other material inducements, and how
often they steal, embezzle, or misappropriate public funds or other state resources for personal or family use. High
numbers of this variable represent high levels of public sector corruption (Dahlberg et al., 2016). Based on the above
discussion, we should expect higher levels of executive corruption to be associated with higher levels of forest loss.
Again, the creators of this dataset index the following two variables to measure the present variable (Dahlberg et al.,
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2016).

Petty/Public Sector Theft: This variable measures the extent to which public sector employees steal, embezzle, or
misappropriate public and state funds for family or personal use (Dahlberg et al., 2016). This variable is multiplied by
negative 1 so that high numbers represent high levels of executive embezzlement.

Petty/Public Sector Corrupt Exchanges: This variable measures the extent to which public sector employees grant
favors in exchange for bribes, kickbacks, or other material inducements (Dahlberg et al., 2016). Again, this variable is
multiplied by negative 1 so that high numbers represent high levels of executive bribery.

2.5 Control Variable Selection and Measurement

The control variables selected, as well as the time period for which they are measured is based on previous cross-national
research (Sommer, 2017; Shandra et al., 2016). The time period for which each control variable is included is in
parentheses. First, economic and political factors that may influence forest loss are controlled for. These include GDP per
capita (2000), GDP growth (1990-2000), forestry proximity to infrastructure (2000), and democracy (2000)
(Ehrhardt-Martinez, Crenshaw, & Jenkins, 2002; Shandra et al., 2016; Shandra, 2007). Second, the models include
several demographic factors, including rural population growth (1990-2000) and agricultural land area (2000) (Rudel &
Roper, 1997). Third, international factors of International Monetary Fund (IMF) loans (2000) and debt service (2000) are
included in the models (Bunker, 1985; Shandra et al., 2011). The democracy measure is available from Freedom House
(2005), and forest proximity to infrastructure is from the Food and Agricultural Organization Annual Forestry (2015)
report. All other variables are available from the World Bank (2015).

3. Results

Table 3 includes the ordinary least squares regression estimates of corrupt actions on forest loss. The first number in
the table is the unstandardized coefficient, the next is the standardized coefficient, and the last number is the robust
standard error in parentheses. All models report one-tailed tests due to the directional nature of the hypotheses (Shandra
et al., 2016). Every equation includes variables that represent GDP per capita, economic growth, forestry proximity to
infrastructure, democracy, agricultural land area, IMF loans, and debt service. Each equation contains one of the six
measures of corruption. Equation (3.1) contains the index of grand or executive corruption, and equation (3.2) and (3.3)
contain embezzlement and bribes respectively. Equation (3.4) includes the index of petty or public-sector corruption,
equation (3.5) contains corrupt exchanges, and (3.6) includes theft. The models are thus organized to deal with the high
levels of correlation among the various corruption measures.

Table 3. Ordinary Least Squares Regression Estimates of Corruption on Forest Loss, 2001- 2014

Equation Equation Equation Equation Equation Equation
(3.1) (3.2) (3.3) (3.4 (3.5) (3.6)
Independent Variables
Executive Corruption, 2000 .168*
.236
(.079)
Embezzlement, 2000 .036*
251
(.018)
Bribes, 2000 .034*
.220
(.020)
Public Sector Corruption, 2000 .183**
.256
(.072)
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Corrupt Exchanges, 2000 .041**
251
(.017)
Theft, 2000 .032*
.206
(.018)

International  Monetary  Fund

Loans, 2000 .030* .030* .031* .032* .031* .034*
219 215 227 229 225 247
(.016) (.016) (.016) (.016) (.016) (.016)

Debt Service, 2000 -.012 -.011 -.008 -.009 -.007 -.008
-.063 -.059 -.043 -.044 -.038 -.042
(.016) (.023) (.024) (.016) (.023) (.024)

Gross Domestic Product, 2000 -.013 -.012 -.015 -.007 -.009 -.011
-.079 -071 -.089 -.043 -.058 -.065
(.028) (.028) (.028) (.027) (.027) (.028)

Economic Growth Rate,

1990-2000 574** 567** .583** .558** 544** 570**
.337 .333 342 327 319 334
(.202) (.196) (.210) (.201) (.196) (.208)

Democracy, 2000 -.011 -.013 -.010 -.009 -.010 -.008
-.101 -121 -.091 -.085 -.096 -.078
(.017) (.018) (.018) (.017) (.017) (.017)

Forest Proximity to Infrastructure,

2000 .002 .002 .002 .002* .002* .002
.164 .166 144 179 178 142
(.001) (.001) (.001) (.001) (.001) (.001)

Rural Population Growth Rate,

1990-2000 A412* .400* 401* A419** A13** A11**
.356 .346 .346 .362 357 .355
(.174) (.179) (.179) (.168) (.174) (171)

Agricultural Land Area,

1990-2000 .002* .002* .002* .001 .001 .002*
.209 216 .205 184 176 197
(.001) (.001) (.001) (.001) (.001) (.001)

Constant -1.041* -.947* -.980* -1.083 -.957* -.992*
(.480) (.471) (.489) (.491) (.486) (.496)
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R-Squared .282 .282 278 .288 .286 273
Number of Countries 87 87 87 87 87 87
Highest Variance Inflation Factor

Score 2.36 2.37 2.36 241 2.38 2.38
Mean Variance Inflation Factor

Score 1.61 1.64 1.60 1.59 1.60 1.61
Breusch-Pagan Test 37.81%** 36.73*** 37.87*** 38.28*** 36.58*** 35.23%**
Notes.

a) * indicates p < .05, ** indicates p < .01, and *** indicates p < .001 for a one-tailed test.
b) The first number is the unstandardized coefficient, the second number is the standardized
coefficient, and the third number in parentheses is the robust standard error.

Across table 3, the coefficients that represent each corruption index and each corrupt action—bribes, embezzlement,
corrupt exchanges, and theft—are positive and statistically significant, suggesting that higher levels of all corrupt actions
tested are associated with increased forest loss. This finding supports previous research that suggests corrupt acts increase
forest loss due to both grand and petty corruption (Currey & Ruwindrijarto, 2001; Palo, 2004; Sommer, 2017).

Additionally, several other factors are associated with forest loss. First, the coefficients that represent economic growth
are positive and significant in every equation, suggesting that higher levels of economic growth correspond with more
forest loss, which is most likely because nations in economic upturns tend to invest in activities thatincrease forest
loss(Rudel, 1989; Jorgenson, 2006). Second, the coefficients that represent IMF loans are positive and significant in every
equation. This is consistent with research by Shandra et al. (2011), which argues that IMF loans increase forest loss due to
policies that cut state spending for conservation. Third, the coefficients that represent rural population growth are
associated with more forest loss, possibly due to resource shortages that often accompany growing rural populations
(Jorgenson & Burns, 2007; Rudel, 2016). Fourth, the coefficients that represent agricultural land area are associated with
more forest loss in four of six equations. These findings support previous evidence showing that agricultural expansion
can result in forests being cleared for crop expansion (Rudel et al., 2009).

There are also some non-significant findings. First, GDP per capita is not significant. This is surprising as previous
research has found level of economic development to be related to forest loss. However, in this analysis, it is possible that
the effects of economic growth are more important. Second, in four of six equations, forest proximity to infrastructure
fails to reach levels of statistical significance. Third, democracy is not associated with forest loss.

4. Discussion

This study examines how corrupt actions, including bribes, embezzlement, corrupt exchanges, and theft, affect forests.
In doing so, the analysis finds all four grand and petty corrupt actions to be related to increased forest loss. Therefore,
this study begins to show support for the idea that corrupt acts, regardless of the act itself, are related to increased forest
loss cross-nationally in low- and middle-income nations. The main findings demonstrate the importance of considering
corrupt actions at both the grand and petty level when accessing how corruption impacts the natural environment
(Bradshaw, 1987; London & Smith, 1988; Smith, 1996).

These results have important implications for enhancing government transparency in forestry. States should aim to
adopt anti-corruption policies (Dadge & Thomas, 2013; Callister, 1999; Kishor & Rosenbaum, 2012). However, as the
present analysis shows, such solutions may not realistically reduce forest loss if they are specific to a particular corrupt
act (Kishor & Damania, 2007; Gore et al., 2013). Anti-corruption legislation must therefore take a bottom up as well as
a top down approach in the forestry sector to address different corrupt actions simultaneously. At the top, state leaders
and public officials in low- and middle-income nations can aim to remove logging concessions and implement internal
processes to punish corrupt officials (Bryant & Bailey, 1997; Callister, 1999; Goncalves, et al., 2012). At the bottom, the
state can increase the wages of forestry officials, so they do not need to engage in corrupt exchanges and theft to make
ends meet (Koyuncu & Yilmaz, 2009; Siebert & Elwert, 2004; Miller, 2011). It may also be helpful to break up corrupt
networks on the ground through providing monetary incentives for turning in corrupt officials and the loggers they
partner with (Miller, 2011).

There are some limitations of this study that should be reviewed. First, due to data availability, this study uses a sample
of only 87 low- and middle-income nations. Future analyses should include all low- and middle-income nations when
data become available. Second, although this study measures corrupt acts in the best way possible given current
cross-national data, better measurement of corrupt acts is necessary for researchers to get a more precise understanding
of how it effects forest loss. Unfortunately, because the data represent corrupt actions as a whole, and not specifically in
the forestry sector, we can only rely on previous research to formulate how corrupt actions would translate into forest
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loss on the ground. The mechanisms discussed in this article are based on qualitative research in the nations involved
and represent corruption in the forestry sector specifically. Although the independent variables in this analysis represent
corrupt acts in all sectors, we can assume that nations with high levels of corrupt acts overall will generally have higher
levels of corrupt acts in the forestry sector as well. However, future analyses will benefit from disaggregated corruption
data that measures corrupt acts in each sector separately. Until these data are available, the Varieties of Democracy
(2016) corruption data used in this article represent the best measure of disaggregated corruption.

Despite the limitations of the data, one conclusion remains clear, more scholarly attention should be paid to specific
corrupt acts rather than corruption as a whole to better identify the factors that contribute to it and to develop more
informative policy suggestions. Understanding the differences between corrupt acts should be of principal importance
because of their detrimental impacts on forests. At the very least, corruption in cross-national research should be
conceptualized as a series of actions and behaviors that undermine forestry conservation.
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Notes

Note 1: The nations in this sample include: Albania; Algeria; Armenia; Azerbaijan; Bangladesh; Belarus; Benin; Bhutan;
Bolivia; Botswana; Brazil; Bulgaria; Burundi; Cameroon; Central African Republic; Chad; China; Colombia; Comoros;
Republic of the Congo; Costa Rica; Cote d'lvoire; Dominican Republic; Ecuador; Egypt; El Salvador; Fiji; Gabon;
Georgia; Ghana; Guinea; Guinea-Bissau; Guyana; Honduras; India; Indonesia; Iran; Jamaica; Jordan; Kazakhstan; Kenya;
Kyrgyz Republic; Laos; Lebanon; Macedonia; Madagascar; Malawi; Malaysia; Mali; Mauritius; Mexico; Mongolia;
Morocco; Mozambique; Nepal; Nicaragua; Pakistan; Panama; Papua New Guinea; Paraguay; Peru; Philippines; Romania;
Senegal; Sierra Leone; Sri Lanka; Sudan; Swaziland; Tajikistan; Tanzania; Thailand; Togo; Tunisia; Turkey;
Turkmenistan; Uganda; Ukraine; Uzbekistan; Vanuatu; Vietnam; and Zimbabwe

Note 2: These data are an improvement from previous data because they are based on satellite imagery, and therefore can
confidently be compared across nations. The data are derived using the 75 percent canopy cover level (Miles et al. 2006).

Note 3: It is important to note that when democracy is removed from the equations, all findings remain substantively
similar.
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