
Vol.:(0123456789)

Environment, Development and Sustainability
https://doi.org/10.1007/s10668-021-01257-8

1 3

REVIEW

Illegal logging, governance effectiveness and carbon dioxide 
emission in the timber‑producing countries of Congo Basin 
and Asia

Serge Mandiefe Piabuo1,5   · Peter A. Minang3 · Chupezi Julius Tieguhong2 · 
Divine Foundjem‑Tita1 · Frankline Nghobuoche4

Received: 21 June 2020 / Accepted: 17 January 2021 
© The Author(s) 2021

Abstract
The empirical link between governance and illegal logging is widely accepted amongst 
scientist, although a minority still purports that illegal logging does not necessarily prevail 
because of poor governance. However, the nexus linking governance, illegal logging and 
carbon emission is not well enshrined in scientific literature. This paper seeks to review the 
literature on illegal logging and governance and empirically investigate the effect of ille-
gal logging and governance effectiveness on carbon emission. Using panel dynamic ordi-
nary least square method on data covering three Congo Basin timber-producing countries 
and three Asian timber-producing countries, this paper further investigates disaggregated 
effects between these two groups of countries. The empirical evidence underscores that 
Congo Basin timber-producing countries are characterised by increasing trend of illegal 
logging, poor governance effectiveness and corruption. Panel regression reveals a posi-
tive and significant impact of illegal logging, governance effectiveness and corruption on 
carbon emission. Asian producing countries depict a reducing trend in illegal logging and 
improvements in governance and corruption. There is a positive but not significant impact 
of illegal logging on carbon emission, and governance effectiveness reduces carbon emis-
sion. Thus, the dynamics of governance, illegal logging and carbon emission is not the 
same between timber-producing countries in Asia and Congo producing counties, thus sug-
gesting the ability of institutions to curb illegal logging and enforce laws to reduce the 
effects of carbon emission. Multi-stakeholder consultations, government engagement, part-
nerships and training of control staff can help curb corruption. Legality checks should go 
beyond having legal documents to effectively check and control of timber concessions and 
small-scale logging.
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1 � Background

Changes in land use account for 20% of global net anthropogenic carbon emissions, and 
tropical developing countries account for most of this through deforestation and forest deg-
radation (Denman et  al. 2007; Holly and Martin 2007; Schrope 2009; FAO 2016; Cam-
bridge Univ. Press 2014) with timber logging as one of the key agents (Putz et al. 2012). 
These forests account for 69% of contemporary and 27% of historic carbon emissions from 
the tropics (Putz and Romero 2014; Baccini et al. 2017). Globally, deforestation and forest 
degradation have reduced by 50% over the last five years; however, the annual rate of for-
est loss stands at 7.6 million ha with significant adverse effects on climate and livelihoods 
(Cambridge Univ. Press 2014). Logging changes the age structure, vertical integration and 
composition of tree species, thus affecting light, soil, moisture, litter conditions and local 
temperature (Chaudhary et al. 2016). When the local temperature and soil conditions over 
large area of land are affected as a result of timber logging, carbon emission becomes more 
visible and evident (Pearson et al. 2017a). In most parts of the tropics, tropical forests emit 
more carbon than they can absorb, logging is often illegal and unsustainable (Richardson 
et  al. 2016; Gerwing 2002), and illegal logging can be defined as all logging or related 
activities which are inconsistent with the law (Gerwing 2006).

Global rates of illegal logging have been reducing; however, they remain alarming 
among timber-producing countries (SMITH, W. 2002; Guertin 2003). Over 80 million 
metre cube (m3) of illegally logged timber comes from nine timber-producing countries 
within the tropics (Nabuurs 2018). The negative ecological impact of illegal logging is well 
enshrined theoretically; its incidence has equally been reported in many studies (Guertin 
2003; Nguyen and Cao 2020). Human-induced greenhouse gas emissions from forest clear-
ance and degradation represent 12–20%, of which illegal logging is a significant contribu-
tor (Hoare 2015). Illegal logging contributes to loss of biodiversity especially when certain 
species are highly logged; this has resulted in mahogany and tropical cedar being at risk of 
extinction in Indonesia (verchenkova et al. 2019; Smith, et al. 2014). The loss or reduction 
of forest cover is accompanied by subsequent loss of environmental services and carbon 
sequestration capacity of forests is heavily reduced (Reboredo 2013). About 420 million 
tons of carbon is lost from the global forest due to harvesting of industrial round wood 
(Guertin 2003).

Illegal logging has been extensively investigated in developed countries, South America 
and Asia (Nguyen and Cao 2020; Smith et al. 2014) with focus on illegal trade of timber 
and related activities (FERN 2013; Carodenuto and Cerruti 2014). Baccini et  al. (Puzon 
et al. 2011) underscore that tropical forests emit more than they can absorb carbon from 
the atmosphere, thus losing their status as carbon sink. They underlined that the process 
of removing small portions of trees in parts of the forest cannot be seen through satellite 
image; however, significant amount of carbon is lost. Most of these trees removed from the 
forest are done illegally (Nguyen and Cao 2020), thus contributing to significant reduc-
tion in carbon sequestration potential of the forest (Baccini et  al. 2017). Related studies 
on the ecological impacts of illegal logging in developing countries are rare especially on 
how institutional quality and governance affect carbon emission. Nguyen and Cao 2020 
and Puzon et al. 2011 investigated domestic governance frameworks for enhancing carbon 
emission policies but not their impacts on carbon emission. Therefore, this paper sets out 
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to meet two key objectives; (1) review literature on illegal logging, governance and carbon 
emission trends and (2) use time series data to explore the combined effects of illegal log-
ging and governance effectiveness on carbon emission. The significance of this paper is 
grounded on the fact that this study focuses on timber-producing countries in the Congo 
Basin and Asia that account for more than 50% of global illegal logging from primary for-
est and is made up of a group of countries with governance effectiveness at different levels 
(Nabuurs 2018). These countries are endowed with forest with high carbon sequestration 
potential, which if logging is well tracked, they can significantly contribute to reducing 
negative effects global carbon emission.

2 � Literature review

The success of forest sector programs and initiatives depends a lot on the ability of gov-
ernments in tracking and controlling illegal logging. Lima et al. (2018) underscored that 
the federal and state “undesignated” lands are at risk of loosing 40% of their total volume 
of illegal logging in Brazil. Nguyen and Cao (2020) suggest that relying on illegal timber 
volumes and descriptions to tackle illegal logging may not yield desired outcomes, consid-
ering the attributes of loggers, their level of engagement in the activity and motivations and 
the level of organisation of the crime are key options to tackling illegal logging. The sec-
tion below reviews the trends of illegal logging, attributes of loggers, motivations and level 
of organisation of illegal logging, it equally explores the governance framework within 
which these crimes are perpetuated.

2.1 � Illegal logging

Logging without permit and rampant abuse of logging permits (logging more than permit-
ted volume, logging below the accepted diameter and logging out of the permitted log-
ging area) features strongly amongst the most prominent types of illegal logging within 
the Congo Basin (Lindner et al. 2014; Averchenkova 2017). Illegal logging by large-scale 
concessions is common practice and often characterized by logging without management 
plans, logging in prohibited areas, over logging, non-payment of fees and taxes (Gerwing 
2006; SMITH, W. 2002). EIA (2019) reports that a timber exploiting group in Republic of 
Congo has illegally obtained over 100 000 ha of Labema Forest management unit; over 46 
different species have been over harvested accounting for 85 000 cubic metres and equiva-
lent to 15 000 trees between 2013 and 2016. This results in an average reduction in carbon 
stocks of 76% in selectively logged primary forest (Putz et al. 2012).

In most countries within the Congo Basin, small-scale loggers account for domestic and 
regional supply of timber which is often illegal (Amariei 2005; Lawson 2014). Exports of 
timber from artisanal logging vary from one country to another, from one period to another 
and is equally affected by policy, domestic, regional and world market (Wit et al. 2010). 
In Cameroon, 92% of illegally logged timber by artisanal loggers was sold domestically 
in 2009 (DeFries 2002); meanwhile, in DRC artisanal logging was 13 times higher than 
timber logged legally in 2012, 85% of the illegally logged artisanal timber was sold in the 
domestic market (Witness 2015). In Asia, Lee et al. (2018) underscore that illegal logging 
in Cambodia, Indonesia and Bolivia exceeds 80%.

Artisanal small-scale logging has not, however, been widely documented; this is because 
these exploiters are the principal actors of the informal sector. The ever-growing informal 
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sector is a principal driver of illegal logging within the Congo Basin (Global Witness 2004; 
Environmental Investigation Agency,Inc. 2019). This sector accounts for 50%, 70% and 
90% of annual wood harvest for Cameroon, Ghana and DRC, respectively (DeFries 2002; 
Witness 2015; Cerutti and Lescuyer 2011; Lescuyer et al. 2014). These small-scale loggers 
assure timber supply within the national territory of Congo Basin countries and understand 
how to bypass national controls to market wood products. In the Democratic Republic of 
Congo (DRC) where small loggers predominate; about 8000 of them are responsible for 
increasing illegal logging averaging 1.5–2.4 million m3 per year (Marfo 2010). Illegal log-
ging by private individuals is equally rampant within the region accounting for more than 
200 000 m3 of illegally logged timber in Cameroon (Hoare 2014; Djiré 2003). Artisanal 
small-scale illegal logging is not only prominent within the Congo Basin; it also occurs 
rampantly in Brazil, Papua New Guinea (PNG) and Indonesia. Although efforts have been 
made amongst producer countries to counter illegal logging amongst large concessions, 
these efforts are often countered by the increasing contribution of artisanal small-scale 
loggers to total illegally logged timber. Illegal logging increased from 40 to 65% between 
2000 and 2012 in Cameroon, of which chain saw millers accounted for 50% of the total 
(WORLD BANK 2002). Table 1 shows a summary of findings from literature review on 
the extend of illegal logging from artisanal loggers.

Table 1 highlights that artisanal logging is important within the region and in most cases 
its illegal. This suggests that artisanal logging should be recognised as an important driver 
of illegal logging and the need for better regulation and control of the sector for sustainable 
exploitation (Witness 2015).

Forest conversion to agricultural land significantly reduces biological soil properties 
and forest cover and thus increases carbon emissions (Kishor and Lescuyer 2012). This 
phenomenon is equally accompanied by loss of ecosystem services which have significant 
negative effects on biochemical recycling and plant growth (Gan et al. 2016; Gibson et al. 
2011). However, forest conversions to agriculture may portray significant negative ecologi-
cal outcomes but their economic and social benefits cannot be undermined (Edwards et al. 
2013). Illegal felling of timber for wood fuel contributes significantly to carbon emission in 
Africa, representing 30% of annual emissions (Edwards et al. 2014). Although illegal log-
ging remains high in producing countries, the rate and incidence on carbon emissions are 
not the same amongst countries and over time, justifying the need for this study.

2.1.1 � Governance

Corruption within the timber sector can be classified into two: collusive and non-collusive 
corruption. Non-collusive corruption is when a bribe is asked for a legal activity (obtaining 
exploitation permit); this increases the cost of the private enterprise or individual (Arias 
et al. 2013). Collusive corruption is a bribe paid to government officials in order not to pay 
the penalty that comes with violation of regulation. This bribe does not go to the public 
treasury but used for personal benefits; both parties benefit from collusive corruption. Log-
ging and transportation of wood within national territories amongst Congo Basin coun-
tries by small-scale or artisanal loggers is often done through collusive corruption (Pearson 
et  al. 2017b). Through this corruption mechanism, government officials overlook export 
or transport without permit, logging outside authorized area and violations of the law in 
return for bribe. These vested interests serve as insurance to small-scale loggers who pay 
to avoid the penalty of violation (Smith et al. 2003). Corruption has been reported along 
all the stages of timber exploitation within Congo Basin and Asian timber-producing 



Illegal logging, governance effectiveness and carbon dioxide…

1 3

Ta
bl

e 
1  

L
ev

el
 o

f i
lle

ga
l l

og
gi

ng
 fr

om
 in

fo
rm

al
 o

r c
ha

in
sa

w
 lo

gg
er

s

C
ou

nt
ry

Le
ve

l o
f i

lle
ga

l l
og

gi
ng

 fr
om

 
in

fo
rm

al
 o

r c
ha

in
sa

w
 lo

gg
in

g
So

ur
ce

C
om

m
en

t

G
uy

un
a

30
–4

0%
A

m
ar

ie
i (

20
05

)
Re

pu
bl

ic
 o

f C
on

go
30

–4
0%

A
m

ar
ie

i (
20

05
)

A
rti

sa
na

l l
og

gi
ng

 in
 2

00
9 

w
as

 9
9 

00
0 

m
3 , h

ig
he

r t
ha

n 
ex

po
rte

d 
tim

be
r 9

3 
00

0 
m

3

D
em

oc
ra

tic
 R

ep
ub

lic
 o

f C
on

go
 (D

RC
)

90
%

N
ab

uu
rs

 (2
01

8)
; W

itn
es

s (
20

15
)

In
fo

rm
al

 ti
m

be
r 1

3 
tim

es
 h

ig
he

r t
ha

n 
tim

be
r l

og
ge

d 
fo

rm
al

ly
 in

 
20

12
 (W

itn
es

s 2
01

5)
U

ga
nd

a
50

%
A

m
ar

ie
i (

20
05

)
G

ha
na

50
%

A
m

ar
ie

i (
20

05
)

C
am

er
oo

n
50

%
W

itn
es

s (
20

15
); 

A
m

ar
ie

i (
20

05
)

92
%

 il
le

ga
lly

 lo
gg

ed
 ti

m
be

r b
y 

ar
tis

an
al

 lo
gg

er
s w

as
 c

on
su

m
ed

 
do

m
es

tic
al

ly
 in

 2
00

9 
(A

m
ar

ie
i 2

00
5)

Pe
ru

50
%

A
m

ar
ie

i (
20

05
)

Li
be

ria
al

m
os

t 1
00

%
A

m
ar

ie
i (

20
05

)
C

am
bo

di
a,

 In
do

ne
si

a 
an

d 
B

ol
iv

ia
80

%
Le

e 
et

 a
l. 

(2
01

8)
Ill

eg
al

 lo
gg

in
g 

ex
ce

ed
s 8

0%



	 S. M. Piabuo et al.

1 3

countries. However, the prevalence is higher amongst Congo Basin countries. Government 
officials are bribed during bidding for allocation of logging permits, during harvesting, for-
est controllers are bribed to overlook non-respect of logging areas, during transportation, 
transport documents are fortified, and road control officials are paid off to overlook; dur-
ing sales, inspectors are bribed to overlook the sale of illegal timber or protected species 
(Lawson 2014). This phenomenon underlines the presence of a corruption chain within 
these countries, thus making it difficult for government policies and laws to be effectively 
applied due to vested interest from different actors along the chain. In Indonesia, the fall of 
president Suharto coupled with periods of political transition weakened the government, 
setting the pace for collusive corruption, thus high levels of illegal logging (Arias et  al. 
2013).

Empirical evidence from 117 countries between 1990 and 2000 shows that countries 
with higher levels of corruption are faced with higher levels of deforestation (Cerutti et al. 
2013). Using forest conservation and a smaller number of countries, COHEN, M.A. 1999, 
equally concludes that protected areas are better managed in countries with low levels of 
corruption. Meyer et al. 2003 underscore that there is a strong positive correlation between 
high levels of illegal logging, deforestation and corruption. In Africa, Asia and Latin 
America. Wright et al. 2007 reported that high levels of corruption are associated with ille-
gal forest conversion to agriculture and illegal logging. Alesina and Gennaioli (2014) high-
light that officials allow rosewood to be cut in large quantities using false documents in 
return for bribe. Similar reports of illegal logging associated with corruption have been 
reported in Indonesia, Congo Basin and Latin America (Barbier et  al. 2005; Gore et  al. 
2013). Poor instruments, weak institutional set-ups and ineffective forest agencies have 
been advanced as reasons for poor detection, and enforcement of forest activities (Milledge 
et  al. 2007). In addition, countries with well-defined regulatory frameworks often suffer 
from financial and human resources to adequately enforce regulation (Milledge et al. 2007; 
Jakarta. 2011). Accentuate that up-to 40% and 69% of baseline timbers from state and fed-
eral undesignated lands of Amazonia, respectively, are subject to illegal logging. Thus, 
defining clear regulation on land ownership and enforcement of regulation can help curb 
illegal logging. The varying levels of corruption have different effects on tree cover, defor-
estation levels and carbon sequestration potentials of different land uses and thus impacts 
on carbon emission. Using satellite imagery, Wright et al. (2007) reported that protected 
areas are better managed in countries with lower levels of corruption. Contrary to popular 
knowledge, Wendland et al. (2014) highlighted that increased levels of good governance 
in Eastern Russia correlates with high rates of deforestation and illegal logging. Cisneros-
Montemayor et  al. (2013) equally reported that municipalities with constant corruption 
audits in Brazil witnessed increased deforestation and illegal logging compared to munici-
palities with less control.

3 � Material and methods

3.1 � Data sources

Time series data ranging from 2000–2016 from three datasets are used in this paper. Gov-
ernance-related variables such as corruption and government effectiveness were extracted 
from the World Governance Indicators database (2019). These variables permitted the 
estimation of the level of corruption, how it contributes to illegal logging, government 
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effectiveness which captures perceptions of the quality of public services, the civil service 
quality and the degree of its independence from political pressures, policy formulation, 
implementation policy and the credibility of the government’s commitment to such poli-
cies. Estimate gives the country’s score on the aggregate indicator, in units of a standard 
normal distribution, i.e. ranging from approximately  − 2.5 to 2.5. Other control variables 
such as arable land which captures the rate of deforestation for agricultural purpose and 
rural population which captures the pressure on land in rural areas or adjacent forest areas 
are extracted from the World Development indicators (2019). Carbon emission is captured 
using CO2 emissions from other sectors, not including emissions from residential build-
ings and commercial and public services, but contains emissions from commercial/institu-
tional activities, residential, agriculture/forestry, fishing and different emissions not speci-
fied elsewhere that are included in the IPCC Source/Sink Categories 1 A4 and 1 A5 s also 
extracted from the World Development Indicator. Data on illegal logging were extracted 
from the Chatham house database. Six timber-producing countries based on data availa-
bility make up the sample, three from the Congo Basin (Democratic Republic of Congo, 
Congo Republic, Cameroon) and three Asian countries (Indonesia, Laos, Malaysia). Data 
on illegal logging are not always easy to find or estimate; the section below highlights data 
quality issues and actions taken to ensure the best quality data is used.

3.2 � Illegal logging data quality issues

Due to the nature of the logging activity, it is difficult to comprehensively estimate or eval-
uate the level of illegal logging at the global or regional scale (European Union 2002; FAO 
2001). Kaimowitz (2003) underscores that most of the information is speculative. Estimat-
ing illegal logging directly is very difficult or impossible since actors do all to erase tracea-
bility. Differences in definition of illegal logging by country and organization equally make 
quantification difficult (World Bank 2009). Different indirect methods have been developed 
to estimate the amplitude of illegal logging over time. Trade data discrepancies, import 
source analysis, wood balance analysis, expert surveys and hybrid analysis emerge amongst 
the most common methods used for estimating illegal logging. Most of these methods have 
dwelled on illegal production and international trade of timber (Nabuurs 2018). Other stud-
ies have employed more than one method; this permits the authors to have a better appre-
ciation of the extent of illegal logging. Wood flow analysis (import source) coupled with 
interviews in producing countries was used by (Brack and Hayman 2001). Chatham house 
database on illegal logging uses a variety of methods amongst which are wood balance 
analysis, expert surveys and other related methods. Attempts have been made to estimate 
illegal logging from forest conversion for agricultural activities (crop and livestock) and 
associated trade (World Bank 2002). System dynamics models have emerged as an inter-
esting method to estimate illegal logging over time (Kaimowitz 2003). This is because it 
permits the construction of stocks and flow of information from different datasets linked 
through intermediary functions and data structures (Vézina 2015). This method assumes 
that the total legal wood harvest from forestland is different from total wood supply in the 
state, the gap is illegally logged timber. Chatham house dataset on illegal logging was used 
in this paper for two principal reasons; (1) due to high discrepancies in different meth-
odologies; Chatham house uses a combination of different methods to reduce estimation 
errors to the minimum. Trade discrepancies, wood balance analysis, analysis of trade for 
both importing and exporting countries and expert perception survey on the scale of illegal 
logging were used to determine levels of illegal logging and trade. (2) The application of 
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a common methodology in different countries allows for multi-country analysis. Table 2 
underscores averages of key variables for the sampled countries over the study period.

Table 2 shows averagely higher levels of illegal logging amongst Congo Basin timber-
producing countries compared to Asian timber-producing countries. In the Congo Basin, 
Cameroon averages 32%, 66% of timber traded from Congo Republic is from illegal 
sources, while an average of 47% is reported for DRC. These countries also exhibit poor 
governance ratings; this is captured by scores for corruption and governance effectiveness 
of  − 1.1 and below. Except for Indonesia with an average of 46%, the other timber-pro-
ducing countries show relatively lower levels of timber traded with high risk of illegality; 
these countries also portray better governance scores compared to Congo Basin countries. 
Analysis in this paper was done separately so as to underscore how differences in levels of 
illegal logging and governance between the two regions affect carbon emission.

3.3 � Data analysis

This paper seeks to empirically investigate the effect of illegal logging and governance 
effectiveness on carbon emission and verify whether there is any long-run association 
between illegal logging, governance effectiveness and carbon emission within the Congo 
Basin and Asian timber-producing countries. Panel dynamic co-integrated regression 
model (DOLS) was used in this paper because it efficiently estimates the long-run relation-
ship between variables within a macro-time series framework. Empirical evidence high-
lights that asymptotic properties of regression coefficients and corresponding statistical 
tests are different from time series co-integration regression models (Hsiao et  al. 1995; 
Chen et al. 1999; Kao and Chiang 2000). Dynamic ordinary least square (DOLS) is more 
appropriate to other estimation techniques such as ordinary least square (OLS) and fully 
modified OLS (FMOLS); they generally improve the OLS estimator significantly (Gilbert 
and Troitzsch 1999). Hsiao et al. 1995 added the fully modified OLS (FMOLS) and OLS 
both show signs of small sample bias; thus, dynamic OLS (DOLS) estimator outperforms 
both estimators. E-views 10 software was used to construct a panel data structure because 
it allows for both inter-individual and intra-individual dynamics analysis. That is, it com-
bines both cross section and times series data which contains higher degree of freedom and 
thus produces more robust results (Musango et al. 2012). The panel data framework also 
permits an evaluation of the long-run relationship between carbon emission, illegal logging 
and governance effectiveness; it equally allows to test for co-integration.

Table 2   Averages of key variables over the study period

Region Country Illegal logging (% 
from illegal origins)

Carbon emissions (kt) Corruption 
estimate

Government 
effectiveness

Congo 
Basin 
countries

Cameroon 32 5371.45  − 1.11  − 1.11
Congo Republic 66 2109.15  − 1.13  − 1.19
Democratic 

Republic of 
Congo

47 1781.25  − 1.38  − 1.63

Asian 
timber-
producing 
countries

Indonesia 46 425,780.43  − 0.72  − 0.27
Laos 12 1391.70  − 1.10  − 0.81
Malaysia 19 193,984.70 0.20 1.06
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Investigating whether the probability distribution function of a time series change 
over time is imperative for time series analysis, the presence of unit roots was used to 
check whether a time series is stationary or not using the augmented Dickey–Fuller test 
(ADF) developed by (Phillips and Moon 1999). Johansen’s procedure is often used to 
test for the existence of a long-run relationship; however, within a multivariate system, 
with small sample the results can be distorted. Within a panel structure with time series 
and cross section data, several tests proposed by (Pedroni 2000; Im et  al. 2003) were 
used; they test the null hypothesis of no co-integration against an alternative hypothesis 
of co-integration. Testing panel co-integration between variables should allow for as 
much heterogeneity between individual countries of the panel as possible. When results 
rely on the theory of homogeneous panel co-integration, a common slope coefficients 
imposes. Kao 1999 underscores that when common estimator is used when there are dif-
ferences among individual countries; then the variables cannot be co-integrated. Pedroni 
1999 residual test was used because it allows the identification of country specific dif-
ferences, it contains seven tests: four for within-dimension panel and three for between-
dimension group, and the weighted statistics are highlighted in the within-dimension 
panel tests.

4 � Results and discussion

For the results of the regression analysis to be valid and robust, the assumptions for 
asymptotic analysis must be valid; this requires the test for unit root. Table  3 shows 
the results of the Dickey–Fuller unit root test for timber-producing countries in the 
Congo Basin and Asia. The results show that all the variables become stationary after 
first difference, suggesting that the use of a co-integrating regression analysis is most 

Table 3   Augmented Dickey Fuller unit root test

Source: Author analysis

Congo Basin timber-pro-
ducing countries

Augmented Dickey–Fuller test Decision

Level First difference

Trend & inter Probability trend and inter Probability

Carbon emission (CO2) 11.7536 0.0677 26.5595 0.0002 I(1)
Illegal logging 3.06231 0.8010 14.3330 0.0261 I(1)
corruption 13.0350 0.0525 15.7600 0.0151 I(1)
Government effectiveness 8.25981 0.2197 13.2290 0.0395 I(1)
Rural population 10.9533 0.0542 23.0361 0.0008 I(1)
Arable land 3.65373 0.7234 31.4943 0.0000 I(1)
Asian timber-producing countries
Carbon emission (CO2) 11.1207 0.0847 15.4087 0.0173 I(1)
Illegal logging 5.12669 0.5277 17.6569 0.0071 I(1)
corruption 4.52449 0.9206 28.1659 0.0017 I(1)
Government effectiveness 9.8278 0.0716 20.0981 0.0027 I(1)
Rural population 10.9555 0.0542 43.6132 0.0000 I(1)
Arable land 10.8391 0.0515 28.1397 0.0001 I(1)
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appropriate. However, it is good to further test for co-integration using the Pedroni 
residual co-integration test.Source: Author analysis

4.1 � Pedroni co‑integration test results

Results of the test for the existence of a long-run relationship between illegal logging 
and carbon emission are shown in Table 4 for 11 within- panel and between-dimension 
tests for both Congo Basin and Asian timber-producing countries. Six of the 11 test 
results are significant for both Congo Basin and Asian timber-producing countries. This 
suggests that trends in illegal logging and carbon emission under normal circumstances 
will continue and will converge at one point in the long-run.

The existence of co-integration between the variables suggests that co-integration 
regression models are best suited for analysis of the impact of illegal logging on carbon 
emission. Dynamic ordinary least square regression was used, and Table  5 highlights 
the results of the regression.

4.2 � Dynamic ordinary least square regression results

The results of the DOLS regression for Congo Basin and Asian timber-producing coun-
tries are highlighted in Table 5. This table shows that globally for both regression mod-
els the explicative power of the model is high. The respective adjusted R-squares of 
99.3% and 97.4% of the variance of carbon emission (CO2) are explained by independ-
ent variables used in the model for both Congo Basin and Asian timber-producing coun-
tries, meaning the regression models are globally robust and explicative enough.

The regression results above show that there is a positive and significant impact of 
illegal logging on carbon emission in the Congo Basin timber-producing countries. 
A unit change in illegal logging increases CO2 emission by 0.15 units; this is statisti-
cally significant at 1% level. As for Asian timber-producing countries, there is a posi-
tive but not significant impact; the magnitude of the slope of illegal logging is equally 
low (0.0657), while the impact of illegal logging on carbon emission is not significant. 
This suggests that illegal logging impacts on carbon emission are higher in Congo Basin 
timber-producing countries than in Asian timber-producing countries. This confirms the 
results of the trend analysis where trend of illegal logging is reducing in Asian timber-
producing countries and increasing within Congo Basin timber-producing countries. 
The repercussions of illegal logging can be classified into economic, environmental and 
social. However, the environmental effects seem to be gaining significant grounds in the 
literature due to the adverse effects of carbon emission. The results in this paper show 
that high levels of illegal logging lead to increase in carbon emission. Pearson et  al.
(2017a)  estimated that 53% of annual carbon emission from 74 developing countries 
is related to timber exploitation, and carbon emission mitigation can be significantly 
enhanced by reducing illegal logging in timber-producing countries. However, for this 
to happen it is important to understand who the major actors are and what drives illegal 
logging within these countries. The composition of the increasing trend of illegal log-
ging in the Congo Basin is highly debated (Nabuurs 2018; Cerutti and Lescuyer 2011; 
Lescuyer et al. 2014; Siebock 2002).

Corruption which is considered as an important governance indicator has a positive and 
significant impact on carbon emission within Congo Basin producing countries. A unit 
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change in corruption index leads to an increase in CO2 emission by 0.03 units; this is statis-
tically significant at 5% level. However, the impact of corruption on CO2 emission in Asian 
producing countries is positive but not significant. This means that corruption levels are 
significantly higher in Congo Basin timber-producing countries thus creating an enabling 
environment for illegal timber exploitation and its eventual impacts on carbon emission.

Government effectiveness, which captures the perceptions of the quality of public ser-
vices, the quality of the civil service and the degree of its independence from political pres-
sures, has a positive and significant impact on carbon emission in the Congo Basin area. 
The regression result illustrates that a unit change in government effectiveness increases 
CO2 emission by 0.03 units, this is statistically significant at 5% level. This means that due 
to the ability of the public service to succumb to political pressure, poor policy implemen-
tation and overall poor control mechanisms, Congo Basin countries find it difficult to effec-
tively control and reduce illegal logging activities, which in turn contributes significantly 
to carbon emission. The situation amongst the Asian timber-producing countries is differ-
ent; due to comparably more effective law enforcement system and a more credibly public 
sector, government effectiveness turns to have a negative and significant impact on carbon 
emission. This means that a unit change in government effectiveness reduces carbon emis-
sion by 0.29 units, this is statistically significant at 1% level. The results from this paper 
show a positive and significant impact of corruption and government effectiveness on car-
bon emission within Congo Basin countries. This means that high levels of corruption and 
poor government effectiveness in implementing laws and policies related to carbon emis-
sion lead to higher levels of carbon emission. Results show that for Asian timber-produc-
ing countries, there is a positive but not significant impact on carbon emission. Based on 
the results of this study and Pandya (2002), the prevalence of corruption and poor law 
enforcement is higher within Congo Basin countries than amongst Asian timber-producing 
countries. The role of governance in combatting or enabling illegal logging and subsequent 
impact on carbon emission reported in this paper is supported by the findings of Ranjan 
and Truong (2018) who underscored that corruption and decentralisation in Indonesia had 
a positive and significant impact on illegal logging. This also confirms the findings of Cas-
son and Obidzinski, (2002) who showed that illegal logging is a complex political dynamic 
system in rural Indonesia.

The effect of rural population pressure on carbon emission in Congo Basin countries 
is different from that of Asian timber-producing countries. The results indicate that there 

Table 5   DOLs regression for Congo Basin and Asian timber-producing countries

Carbon emission (CO2) Congo Basin timber-producing 
countries

Asian timber-producing countries

Coefficient Std. Error Prob Coefficient Std. Error Prob

Corruption 0.029892 0.013502 0.0352 0.054466 0.078523 0.4917
Government effectiveness 0.031118 0.014980 0.0471 -0.290957 0.099300 0.0055
Illegal logging 0.149815 0.029409 0.0000 0.065791 0.114670 0.5692
Rural Pop 0.001845 0.004087 0.6552 -0.303687 0.100367 0.0042
Arable Land -0.094285 0.034297 0.0103 0.013617 0.022518 0.5486
R-squared 0.996535 0.978492
Adjusted R-squared 0.993812 0.974395
Long-run variance 0.00000 0.000980
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is a positive but not significant impact of rural population on carbon emission in Congo 
Basin. This is principally because an increase in rural population comes with an increase 
in demand for farmland, thus the clearing of forestland which increases carbon emissions 
(Pedronoi 2007; Li et al. 2011). However, in the Asian producing countries, a unit change 
in rural population reduces carbon emission by 0.30 units; this is statistically significant at 
1% level. In these countries, output per hectare is significantly higher and farmer knowl-
edge on farm optimization is significantly advanced than in the Congo Basin; thus, pres-
sure to clear new farmlands within the forest is significantly reduced.

The regression table above shows that arable land use does not increase carbon emis-
sion, but rather there is a negative and significant effect of arable agriculture on carbon 
emissions in the Congo Basin. A unit change in arable land area use reduces CO2 emission 
by 0.09 units. However, the use of forestland for arable farming contributes positively to 
carbon emission. Forest conversion to agriculture has equally been one of the principal 
drivers of illegal logging especially by small holder farmers (Li et al. 2011). Land conver-
sion for plantations in Indonesia remains high; this explains the positive but not significant 
effect of arable land on carbon emission (Ahmed et al. 2016).

5 � Discussion of results

What explains the reducing trend and impact of illegal logging on carbon emission 
amongst Asia timber-producing countries?

Although high, trends in illegal logging have been reducing amongst timber-producing 
countries in Asia except for Malaysia. Good forest governance has been highly promoted 
as a solution to the twin problem of corruption and illegal logging amongst timber-produc-
ing countries. Timber-producing, processing and consumer countries have taken several 
joint measures to combat illegal logging; however, the level of implementation varies from 
one country to another. Countries involved in the production and trade of timber have been 
working hard to curb illegal logging. Asian timber-producing countries, American and 
European countries agreed in 2001 to work together to curb illegal logging by adopting 50 
actions at the national level and 20 regional actions (Godar et al. 2014). Since 2001, efforts 
in combating illegal logging have been outstanding in Indonesia, the first country to issue 
FLEGT licence through VPA. After 18  months of effective implementation of FLEGT, 
more than 40 000 shipments of legal timber have been exported to the EU with over 39 000  
licences issued in 2018 alone (Margono et al. 2014). The success of Indonesia in putting in 
place an efficient timber verification system and FLEGT licensing system stems from the 
integrated approach employed by the state. This involves engagement of all stakeholders, 
decentralization of verification and certification to private sector with strong civil society 
monitoring that installs transparency (Sizer 2001). However, the increasing trend of illegal 
logging in Malaysia can be explained by internal differences within the Malaysian federa-
tion on the VPA, thus making it difficult for the country to make progress in implementing 
FLEGT (Sizer 2001).

Although enforcement of laws and policies aimed at reducing illegal logging remains 
one of the major huddles, implementation in other countries has improved significantly 
through capacity building of the different stakeholders and enforcement partners (FLEGT 
2015). In Ghana, public prosecutors have been trained, a rapid response team and signifi-
cant investment made to facilitate the use of information gathering tools. In Cameroon, 
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prosecutors, ministry staffs and custom officials have been trained. However, low salaries 
and staff turnover have reduced the impact of these trainings (Hugh et al. 2012).

Collaboration between different stakeholders and countries is extremely important 
in reducing illegal logging and its subsequent incidence on carbon emission. Complex 
crimes require a multidisciplinary approach in tackling them and illegal logging is one 
of them (Huwart and Verdier 2013). Brazil’s inter-ministerial commission against envi-
ronmental crimes established in 2008, with law enforcement agencies, government envi-
ronmental and intelligence agencies working hand in hand to curb illegal logging (Wells 
et  al. 2006; Goncalves et  al. 2012), remains a good example. This multidisciplinary 
team contributed significantly in enforcing environmental law and reducing illegal log-
ging in Brazil (Spapens et al. 2016). Other aspects of collaboration being implemented 
in Cameroon and Republic of Congo between the government and independent monitor-
ing agencies have contributed to reducing illegal logging. However, the global effect has 
not been significant because of limited power to monitor logging companies coupled 
with limited financial and human resources(Elliot and Schaedla 2016).

How can FLEGT and REDD + enhance forest governance and reduce illegal log-
ging within the Congo Basin and Asia?

Timber-producing countries have been taking measures to tackle illegal logging, 
and trade, VPA negotiations and licencing have been prominent amongst actions being 
taken. So far, 05 African countries are leading the way in signing voluntary partnership 
agreements (VPA) with the EU; while only 02 countries have signed the VPA in Asia, 
08 additional countries are currently negotiating the VPA with the EU. In Africa, Ghana 
started negotiations in March 2007 and signed the VPA in September 2013. Cameroon 
started negotiations in November 2007, signed VPA in October 2010, Central African 
Republic started negotiations in October 2008, signed VPA in November 2011, Congo 
stated negotiations in June 2008 and signed VPA on May 2010, while Liberia started 
negotiations on March 2011 and signed the VPA in July 2011. An average period of 
two years of negotiations is used by African countries. However, since signing the VPA, 
putting in processes for effective implementation of the FLEGT licencing system has 
already taken over five years for all African countries. Although many African countries 
signed the VPA agreement before any Asian country, Indonesia recorded significant 
progress in implementation after signing the VPA in 2013 becoming the first country 
to get the FLEGT timber export licence in 2015. This therefore means that the political 
will and processes put in place to ensure legality of timber is very important, which may 
explain the significant reduction of illegal logging in Indonesia in recent years. This 
equally explains why an institutional variable like government effectiveness portrays a 
negative and significant impact on carbon emission, because the political class puts in 
efforts to enforce good governance through law enforcement to combat illegal logging 
and carbon emission. However, the FLEGT-VPA process in many countries ensures 
legality of timber meant for export markets; timber destined for domestic markets is not 
considered. The domestic market for timber within Congo Basin countries is dominated 
by timber from artisanal loggers, most of which remains illegal (Witness 2015).

Timber-producing countries are equally engaged in REDD + programs aimed at 
reducing emissions due to deforestation and forest degradation. One important mecha-
nism to tackle illegal logging is for these countries to accommodate both initiatives. 
Timber-producing countries can therefore explore possibilities of synergies between 
both initiatives to combat illegal logging. With the prominence of artisanal loggers 
within Congo Basin producing countries, REDD + payments can be used as incentives 
for artisanal loggers who respect FLEGT-VPA process for artisanal logging.
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6 � Conclusion and policy recommendations

The relationship between governance and illegal logging is well established and debated in 
the literature; a majority of scientists underscore that illegal logging prevails when govern-
ance effectiveness is poor. However, a small group of researchers assert that illegal log-
ging does not necessarily prevail due to poor governance. This paper extends the debate 
and contributes to scientific literature by (i) investigating the relationship between illegal 
logging and governance using time series data and econometric techniques and (ii) inves-
tigating the combined effect of illegal logging and governance on carbon emission. (iii) 
The paper targets countries that account for more than 50% of timber trade and illegally 
logged timber; thus, policy implications aimed at curbing illegal logging from these coun-
tries can significantly reduce global rates of illegal logging. There is a positive and signifi-
cant impact of illegal logging and governance effectiveness on carbon emission amongst 
timber-producing countries in the Congo Basin. This suggests that a unit change in illegal 
logging or governance effectiveness increases carbon emission. This can be explained by 
the increasing trend of illegal logging and high levels of corruption, which is associated 
with illegal reduction of trees, thus reducing the sequestration potential of the forest and 
thus carbon emission. However, timber-producing countries in Asia show a slightly differ-
ent scenario. The impact of illegal logging on carbon emission is positive but not signifi-
cant; meanwhile, there is a negative and significant impact of governance effectiveness on 
carbon emission. This underscores the important role of recent efforts by governments of 
these countries in enhancing good governance and sustainable natural resource manage-
ment. Due to more efficient governance effectiveness, changes in governance effectiveness 
turn to reduce impact on carbon emission, thus enhancing control of illegal logging.

Illegal logging by small-scale loggers and collusive corruption has been identified as 
some of the principal actors and mechanisms for facilitating trade in illegally logged wood, 
coupled with poor institutional framework for enforcement of laws and policy. This there-
fore underlines the fact that the prevalence of illegal logging is due to the porosity of the 
institutional framework for enforcement of forest laws and governance. With experiences 
of proper law enforcement through training, multidisciplinary approach, engagement of 
public–private sector in FLEGT implementation in Brazil, Indonesia and other Asian coun-
tries, there is hope that Congo Basin countries can still succeed in reducing illegal logging 
through a concerted approach. It is equally hoped that countries in the Congo Basin can 
reduce the rate of illegal logging if the following recommendations are applied:

•	 Multidisciplinary approach should be used, engaging the timber concessions, govern-
ments and importing countries. Congo Basin countries should educate policy makers 
and develop processes and procedures for legality verification not only for large con-
cessionaries but equally for smallholder loggers. The implementation of the FLEGT 
process should address context specific drivers of illegal logging and trade. Synergy 
between REDD + and FLEGT-VPA process should be enhanced to incentivise artisanal 
loggers to engage into formal timber exploitation with efficient timber traceability and 
legality.

•	 Deforestation due to illegal logging can be reduced if countries adopt smart agricultural 
practices with agroforestry at the centre of agricultural interventions. It increases yield 
per ha, increases soil fertility, permits the farmer to farm on the same piece of land for 
many years, reduces forest expansion for farmland and thus reduces illegal logging and 
deforestation, thus reducing carbon emissions.
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•	 Cost and procedures for obtaining logging licence by small loggers should be reduced 
such that these loggers see a substantial financial gain in moving from the informal 
sector to the formal sector. Effective training of stakeholders related to enforcement of 
laws and policies related to combating illegal logging and carbon emission should be 
done at scale.
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