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1. Chapter 1: Introduction
The rosewood tree species has been rapidly disappearing from global forests over the last two decades,
almost to the point of commercial extinction within some countries (Humphreys, 2016). This boom of
over-harvesting stems from the increasing demand from the rising Chinese middle class for Hongmu
furniture, an item from antiquity that promotes a prestigious social status symbol (Treanor, 2015). The
concern is that rosewood suppliers are exploiting political instability in small developing countries to
meet this demand illegally. The alarming rate at which rosewood is being depleted has caused multiple
countries to issue bans on felling, transporting or exporting rosewood logs across tropical regions of the
world. Since 2016, all 33 species of rosewood have since been placed on the Convention in Trade in
Endangered Species (CITES) Appendix II, regulating trade in the species to only sustainable levels. This
dynamic raises questions about the capacity of small developing countries with vast natural resources to
effectively achieve sustainable development and conservation governance goals. Many of the countries
that have rosewood stands lack even a basic understanding of their existing rosewood stocks. This makes
it nearly impossible to establish a sustainable level of exportation (Winfield, Scott and Greyson, 2017).
As of 2017, 90% of the worlds stands of the prized rosewood species of Dalbergia and Pterocarpus have
been shown to have unstable or declining populations (ibid). The high demand for rosewood has run
headlong into legal efforts to protect endangered tree species, leading to the emergence of a globally
extensive black market. This black market incentivizes illegal and illicit methods for obtaining the
valuable red-hearted tree. The more strictly regulated a commodity is, the higher value it gains in these
black markets. Illegal timber traffickers are incentivized by high value commodities and can earn greater
profits operating outside of the law. To do this, traffickers exploit corruption and political instability. In
Guinea-Bissau, political instability and weak institutions allowed for the exploitation of rosewood timber,
as rosewood loggers and traffickers bribe and coerced officials and indigenous people for access to the
tree (Humphreys, 2016). In the small West African country of Guinea-Bissau, the political turmoil of a
military coup in 2012 created the opening for Chinese businessmen and illegal loggers to over-harvest the
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rosewood trees unsustainably (“Analysis of the Demand-driven Trade in Hongmu Timber Species:
Impacts of Unsustainability and Illegality in Source Countries”, 2016). In 2015 local demand pressured
the incoming civilian transitional president to issue a moratorium on felling of the rosewood tree,
curtailing the speed at which rosewood was being cut down.
Illicit commodities are fundamentally different from licit commodities. In licit markets, value is added to
the resource either where it is extracted, produced, or where it is sold as a final product. Illicit
commodities, on the other hand, because of the legal risk and penalties, gain their value as they are
concealed and moved geographically toward retail markets (McSweeny et all. 2018) In other words, the
actors that can hide and transport illicit commodities earn the greatest profits. In the case of timber, illicit
logs can be “laundered” into the legally harvested timber exports. It is therefore the timer traffickers, not
the harvesters, that earn the bulk of the proceeds.
Transnational environmental crimes usually occur and are detected when resources are extracted and
transported across international borders in violation of prohibitions or regulations established by
Multilateral Environmental Agreements (MEAs) or of national laws (Elliot and Scaedla, 2016). Illegal
logging is unique from other environmental crimes, such as illegal mining, in four ways: 1) Timber is a
diffuse resource, meaning trees are not concentrated in a single point location, such as a mine head, but
spread out over vast geographic areas. Unlike trade in illegal animals which can move across boundaries
or hide themselves, trees are stationary and are vulnerable to whomever controls the geographic area. 2)
timber is a renewable and has the potential to be, in theory, sustainably harvested indefinitely, and
therefore illicit timber can be laundered among sustainably harvested resources. Although illegal loggers
make no attempt to sustainably harvest trees but treat the high-value timber as a one-off resource. 3)
Timber exploitation requires little capital or external resources to extract compared to other resources,
such as illegal mining which can require bore drilling. And lastly 4) illegal logging is unique because
unlike other illicit commodities such as arms, drugs or minerals which are smaller and can be physically
concealed during transport, timber because of it’s bulk must be concealed through forged or bribed
2|Page

paperwork such as permits or licenses. This allows the logs to be laundered into the legal market and
move along traditional supply chains (Humphrey’s, 2016).
To date there is a small but growing amount of research into how the rosewoods have been overharvested in parts of West Africa (Abdul-Rahaman, Issahaku, Jacob Kabanda, and Maurice M. Braimah,
2016; Ahmed, Oruonye, and Ayuba, 2016; Ahmed, Oruonye, and Tukura, 2016; Bandoh, 2017; Dumenu,
and Bandoh, 2018; Bandoh, 2017). The level of poverty and political instability within Guinea-Bissau has
prevented a full understanding of how the exploitation of the rosewoods affects the people and the
landscape.
Recent advances in remote sensing has enabled the use of disturbance algorithms to detect changes on the
earth’s surface using large volumes of high-resolution time series data from satellites such as NASA’s
Landsat mission. These disturbance algorithms identify abrupt changes in indicators derived from this
data, such as a vegetation index, to determine when and where a landscape was disturbed. Using large
repositories of satellite data, this research aims to detect and identify the pattern of the rapid rosewood
extraction in Guinea-Bissau, sifting out dates and locations of forest disturbances where rosewood harvest
was concentrated. If the exploitation of rosewoods in Guinea-Bissau is related to the political instability,
then I expect to see a sharp peak of forest disturbances between 2012 and 2015, during the time of
greatest instability and should possess distinct spatial and temporal characteristics from the traditional
drivers of deforestation, such as swidden agriculture or cashew plantations, occurring across the same
time period. Identifying where the exploitation of rosewood has taken place allows us to identify regions
affected by the illegal rosewood trade and gauge the effectiveness of conservational governance and its
relationship with political instability.
Chapter 2: Background
Rosewood is the largest traded endangered species in the world, and in the West African country of
Guinea-Bissau, political instability initiating in 2012, opened the doors for the rampant illegal
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exploitation of the valuable rosewood tree. Timber traffickers exploited political instability in GuineaBissau to illegally extract and export high-value rosewood, challenging the extent to which Guinea-Bissau
can obtain goals for the conservation of key endangered species like rosewood, and the ecosystems that
support them. This phenomenon is not unique to Guinea-Bissau but is an issue around the tropical regions
of the world, particularly across SE Asia, Africa, South and Central America (Winfield, Scott, and
Greyson. 2017). There are two major intervening factors that lead to the over-harvesting of rosewood in
Guinea-Bissau: 1) the rise of the Chinese middle class and the increasing demand for rosewood to create
Hongmu furniture, and 2) political instability through a military coup that collapsed the rule of law of the
government in Guinea-Bissau and increased poverty levels during the time of a seasonal drought. The
combination of these two events triggered an extreme case of the tragedy of the commons, as powerful
elites and traders looted the common resource of rosewood logs for personal gain. This research will
examine the spatial and temporal location of forest loss in Guinea-Bissau to determine if the pattern of
rosewood forest loss is distinguishable from background forest loss driven by traditional drivers and if
areas of different governance regimes influenced the over-harvesting of the rosewood species. But first, to
give context to the issue I will discuss characteristics of the rosewood tree, global rosewood trade and the
demand from China, discuss similarities between illicit commodities and illegal logging, and forest
governance in West Africa.
2.1 Characteristics of Rosewood
The term rosewood consists of 33 different tree species and is characteristic of having a dark-red
heartwood, which can be seen in figure 1 of a rosewood stump cut recently. The most prized of the
rosewood species is Dalbergia genus, which can be found in Southeast Asia and parts of South America.
A less valuable but still highly sought-after is the tree species Pterocarpus Erinaceous, also known as
African rosewood (Winfield, Scott and Greyson, 2017). P. erinaceous can be found throughout the forests
of sub-Saharan Africa and is the single tree species indicated in the rest of this thesis as ‘rosewood’.
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This deciduous tree can grow up to 15-25m tall and
provides an important source of food for livestock during
the dry season in West Africa (Abdul-Rahaman, Kabanda
and Braimah, 2016). The rosewood tree can be found
across sub-Saharan Africa, from Guinea-Bissau and
Senegal in the west across the Guinean Savannahs to the
forests of Sudan in the east and as far south in Africa as
Mozambique. Segle et al. (2015) found that in the Guinian

Figure 1: Recent cutting of rosewood tree in Guinea-Bissau
showing the red heartwood

forest zone, Pterocarpus Erinaceous grows in a density of
about 110.9 ± 1.15 per ha, has an average diameter of 26.63 ± 7.89cm, has an average height of 14.16 ±
2.88m, Average merchantable height of 3.63 ± 2.63m. Pterocarpus Erinaceous enjoys at least 9 months
of dry season and is found up to elevations of 1,200m. It prefers and mean annual temperature between
15°C - 32°C and a mean annual precipitation between 600mm and 1200mm. The trees are drought
resistant and very slow growing with generally growing less than 1m in the first two years and growing
~1m per year after that to an average height around 15m tall (“Pterocarpus Erinaceus” Plants for a Future
Database, 2019).The traditional use for African rosewood has been for animal fodder during the dry
season, furniture, musical instruments, fuel wood, charcoal, building materials or medicine. The main
reason for rosewood extraction prior to 2009 in West Africa was charcoal, that then shifted to exportation
to china after 2009 to feed the demand for Hongmu furniture (Bandoh, 2017). This demand from China
has increased the demand for rosewood around the world.
2.2 China and Rosewood
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China has seen an unrivaled growth of economic capacity over the last few decades. Since the death of
Mao Zedong China has turned from its traditional egalitarian social structure toward a western-style
model of consumption through a ‘consumer revolution’ (Zhang 2018). This imbued the middle-class with
disposable income that has created a demand for more consumer and luxury items. This increased demand
also requires the raw materials needed to create the luxury items. Hongmu furniture is one of the many

Figure 2: Hongmu furniture store in China.

items that are increasing in popularity among this newly emerging Chinese middle-class. As shown in
figure 2, Hongmu furniture can be beautifully crafted chairs, beds, tables, stools, or cupboards often with
very detailed and well-designed engravings. This elegant furniture is traditionally only made for the elite
class of Chinese society because of the hefty price tag that accompanies the furniture. The typical
Hongmu furniture made from African rosewood costs between US$1500-1800 (“The Rosewood Racket”,
2017). In 2014 there were over 30,000 Chinese companies making Hongmu furniture, a creating a
domestic retail value of US$25 Billion (“Analysis of the Demand-driven Trade in Hongmu Timber
Species: Impacts of Unsustainability and Illegality in Source Countries”. 2016). But this new growing
middle-class has demanded more Hongmu furniture as a symbol of status and wealth (“The Hongmu
Challenge”, 2016). It is estimated that this increased demand has driven the importation of rosewood logs
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into China up by 2000-fold between 2009 and 2015 (“Consideration of Proposals for Amendment of
Appendices I and II”, 2016). For example, in 2004 rosewood exports from Ghana to China were only a
mere 18m3, then increased rapidly to 40,999m3 in 2013, an increase rate of 2,277 times over ten years
(Dumenu and Bandoh, 2016). In 2011 Guinea-Bissau exported rosewood valued at 4 million USD, by
2014 that had grown to 49 million USD, an increase of 1,225% in three years (Chinese import data).
Hongmu furniture is seen as a status symbol of wealth and sought after by those that have a new
disposable income (Guo, 2018). This wealth is a mechanism for high-income consumers can
communicate their prestige and secure social position. As income increases environmental commodities
switch from being locally produced to being imported. As the income continues to go up the chance that
an environmental commodity is sourced from an illegal source also increases (Schaedla, 2016). This
demand created the desire for the red heartwood of rosewood trees. Often the price point for a prized
piece of timber is enough to motivate traders to abuse a weak or corrupted system in order to acquire the
timber (Zhu, 2019; Dumenu, 2019; “Routes of Extinction”, 2018) . When high-valued timber species are
found in an area where it can be exploited without any limit, timber traffickers will stop at no limits to
acquire the timber, from bribing officials to exerting violence on local communities (Winfield, Scott, and
Greyson, 2017). In poor countries with a weak governance system and high amounts of poverty the
opportunity for corruption to influence people to cut down rosewood trees can be quite high (Ahmed et al,
2014; “The Rosewood Racket”, 2017). Local loggers and community members gain nothing or suffer net
losses from the rosewood trade. Poverty is a main cause for the local communities to log their own
rosewood trees and sell them to the Chinese businessmen. People working to log the rosewood trees are
exploited by traders who have monopolies on transport and price. Local loggers become enslaved to the
debt, which increases their involvement in the extraction process (Schaedla, 2016).
2.2.1 Exploitation of rosewood by China
China has become the greatest consumer of wild animals and plants in the world (Schaedla, 2016). The
demand for more rosewood to create luxury furniture has forced China to seek raw materials from outside
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of their borders because they depleted their sources of rosewood long ago (Treanor, 2015; “The
Rosewood Racket”, 2017). Initially during the 2000s and 2010s most of the rosewood imported to China
came from Southeast Asian countries such as Vietnam, Cambodia, Thailand, Laos and Myanmar. The
overexploitation of rosewood from these countries is often through illegal timber harvesting, through
violations of logging or export bans (“The Hongmu Challenge”, 2016). The insatiable demand for
rosewood from these countries caused rosewood to be placed on the international trading agreement
‘Convention in Trade in Endangered Species’ (CITES) Appendices, restricting the felling, transport or
sale of rosewood logs. As more countries ban the logging or exports of rosewood, China has shifted its
focus for new raw rosewood from the high-value species in Southeast Asia and South America to the
lower-quality rosewood species in Africa. The introduction of Chinese companies into a country with
rosewood happens very quickly. Over the course of just a year or two a country can go from barely
exporting to becoming a major exporter of timber to China. In these West African countries, areas of
weak governance can be exploited by these Chinese companies. Where there is little rule of law or
conservation protection, coercion and bribery are major influencers contributing to the extraction of
rosewood, often times to the brink of commercial extinction of the tree species (“Routes of Extinction”,
2018).
Chinese traders have taken advantage of the gaps in governance across Africa and SE Asia and has
amplified conflict in the region such as in Guinea-Bissau where a military coup in 2012 opened the door
for Chinese traders to harvest rosewood at an alarming rate (“China demands fuels illegal timber logging
in Guinea-Bissau”, 2014). In Nigeria, Chinese business’ have been are working with the terrorist
organization Boko Haram, to harvest rosewood species (“The Rosewood Racket”, 2017). Rosewood is
being harvested and sold to prop up rebels in Casamance conflict in southern Senegal and The Gambia
(World Wildlife Crime Report, 2016). Next I will illustrate some of the other areas around the globe that
have been affected by the rosewood trade.
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2.3 Global Trends on Rosewood
Rosewood is highly sought after, particularly in China and other parts of Asia. Over the last few decades
the Dalgergia genus has been harvested to near extinction (CITES CoP inf 79, 2016). As of 2013 all of
the Dalgergia tree species were placed on the CITES and International Union for Conservation of Nature
(IUCN) Red List (Abdul-Rahaman, Kabanda, and Braimah, 2016). This has not stopped illegal loggers

Figure 3: China's Rosewood Log imports from Africa and the Mekong Region, 2014. Source Trenor, 2015

from cutting down Rosewood trees across Southeast Asia. As seen in figure 3, the increase in rosewood
exports going to China is spread across the globe reaching from Africa to Southeast Asia. The demand for
rosewood has become so high that governments have resorted to extreme polices to protect remaining
rosewood stands, such as the government of Thailand has placed the last of its large rosewood trees under
24-hour armed protection of a military platoon. Dozens of people have been killed over the last few years
in the fight between loggers and park rangers in Thailand. Rosewood is now referenced to as ‘bloodwood’
in SE Asia, and regrettably not because of it’s deep-red color. (Sherwell, 2017). In 2010, Myanmar
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exported less than 50,000m3 of rosewood, three years later in 2013 they were exporting over 237,000m 3,
an increase of six times in three years. Many of these trees are smuggled over the land border into China.
In 2014 Myanmar issued a logging export ban to attempt to stop the rapid export of trees (“Routes of
Extinction”, 2014). In 2013, Cambodia issued a ban on cutting down rosewood trees and has since
accused Vietnam of willingly accepting forged permits in order to allow smuggle rosewood logs into
Vietnam (Humphrey, 2018). Laos has issued a ban in 2016 attempting to curb the smuggling of its
rosewood trees into China (“Truckload of Rosewood Logs Seized”, 2018).
The international communities’ restrictions on the rosewood trade through CITES bans has reduced the
ease at which the rosewood trees can be cut down in Southeast Asia. The Chinese market’s demand for
the red wood has moved to the less desirable but still sellable rosewood species, Pterocarpus erinaceous.
There is strong evidence of the serial depletion of the rosewood species; when one high-valued species is
depleted in an area there is a rapid shift to exploitation of another species. As the Dalbergia species was
being depleted in South America and SE Asia, the Pterocarpus erinaceous in West Africa became the
target next species. (Winfield, Scott and Greyson, 2017). Since 2010 exports of rosewood from Africa to
China has grown by 700% (ibid). In a 2017 CITES report on the global status of the Rosewood species
they found that 90% of the global populations of both Dalbergia and Pterocarpus were either unstable or
declining (Winfield, Scott and Greyson, 2017). The depletion of the Rosewood species around the globe
is a significant risk to the survival of the species and a severe threat to the ecosystem services that it
provides to numerous indigenous populations, particularly in impoverished nations in West Africa.
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2.4 Rosewood and West Africa
West Africa consists of sixteen separate countries that span from the tropical coastal forests of Senegal
and Guinea-Bissau in the west to Nigeria in the East. Most of West Africa is situated on a plain resting
less than 300m above sealevel. The northern portion of
West Africa is called the
Sahel, or the transition zone
between the Sahara Desert
and the forested savannahs.
There are tropical forests that
cover the region from the
Savannah to the coast. Two
Figure 4: Evolution of Chinese "Hongmu" imports by West African source country, per
year, in volume. Source: CITES CoP 17, Prop57

large air masses control the
precipitation of West Africa,

causing two distinct seasons, the rainy and dry. During the dry season dusty winds from the Sahara Desert
called the Harmattan, cover and dry out the land (Temudo and Abrantes, 2016).

African rosewood is a highly prized wood that has been taken from across the tropical regions in West
Africa including: Ghana (Abdul-Rahaman, Kabanda and Braimah, 2016; Dumenu and Bandoh, 2016;
Hoare, 2014), Nigeria (Ahmed, Oruonye, and Ayuba, 2016; Ahmed, Oruonye, and Tukura, 2016),
Senegal (Fent 2018), Togo, Benin, The Gambia (Wenbin and Xiu, 2013) and Guinea-Bissau
(“AUTHORIZED PLUNDER: Massive Rosewood Sale Backed by Global Wildlife Convention Fuels
Forest Crimes in Guinea-Bissau,” 2018). Some of the other heavily affected countries in Africa are
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Zambia (Cerutti et al 2018) Madagascar (Ke and Zhi. 2017; Schuurman and Lowry II, 2009; Veeck and
Diop, 2012), and Mozambique (WertzKanounnikoff et al. 2013). There has been a
cascading effect of West African countries that
have been impacted by the rosewood harvesting. As
seen in Figure 4, there was virtually no exports of
rosewood out of West Africa prior to 2009. Starting
in 2010 there has been a boom of rosewood being
exported. In several of these countries that rate that

Figure 5: Red countries indicate which West Africa Countries that
have Passed Regulation that prohibit the trade and/or export of
Rosewood.

rosewood is being extracted is faster than what can
be sustainably harvested. This has caused several countries to issue bans on exporting or felling rosewood
trees. As can be seen in Figure 5, ten of the countries in West Africa have issued bans on rosewood. Each
of these countries experienced similar patterns of rapid, unsustainable, harvesting of their rosewood trees,
often times through illegal and illicit means.
2.5 Illicit Commodities and Instability
An illicit commodity being sourced or transited through a nation can corrode the stability of its
governmental institutions. These erosions of governance in weak or fragile states similar to GuineaBissau, one of the poorest and most fragile countries on earth, often render the government of these
countries unable or unwilling to stop trade of illicit commodities. Poor fragile countries also attract the
influence of organizations and individuals that traffic illicit commodities and need to avoid the rule of
law. Mazzitelli (2007) illustrates how instability and crime function together in Guinea-Bissau before the
coup:
“The case of Guinea-Bissau is probably the clearest example of how attractive
West Africa can be to transnational criminal organizations. Awash with small arms and
light weapons as a consequence of continued coup d’etat that have characterized the past
30 years of its history, Guinea-Bissau is in a socio-economic situation of ‘structural
emergency’. The illiteracy rate is around 80 percent, unemployment around 60 percent.
The government budget – 80 percent of which comes from external aid – is entirely
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devoted to paying the salaries of the public and military administrations. The state is
virtually incapable of providing any services to its citizens, including security and justice.
Border and territorial control are non-existent, because of the total lack of any kind of
equipment and trained personnel. In Guinea-Bissau there are no proper prisons, so
judicial sentences cannot be implemented. Often judges prefer not to sentence dangerous
criminals through fear of reprisal by convicted individuals who remain at large.”

Corruption is a major issue in fragile states and renders nearly everyone vulnerable to being bribed
(Bybee, 2009). The money that is generated by illicit activities benefits powerful individuals, companies,
groups or governments. Criminal organizations have been generating billions of dollars in wealth outside
of the legal financial system, even contributing to the growth of armed non-state actors (Nellemann et al.
2018). As Mazzitelli (2007) puts it: “Crime undermines the ability of these states to promote development
by weakening the social contract between people and institutions.” Next I will clarify how these
environmental crimes can affect a nation, specifically I will discuss more on illegal logging and its
characteristics.

2.5.1 Illegal Environmental Crimes
Recently environmental crimes have become the largest contributor of illicit profits to the largest armed
groups (Nellemann et al. 2018). Environmental crimes consist of illegal logging, mineral extraction, oil
theft, wildlife poaching, toxic waste dumping, and Illegal, Unreported, Unregulated (IUU) fishing.
Environmental crimes are increasing worldwide, recently bypassing human trafficking to become the
third most profitable criminal activity, following drug trafficking and counterfeiting (ibid). It is estimated
that traffickers around the world earn $110 – 281 billion USD annually from environmental crimes.
Illegal logging is the largest sector of environmental crimes, generating an illicit global profit between
$51 – 152 billion USD annually (ibid). The level of these profits are incentive enough to encourage
traffickers to seek out untapped sources of illegal timber in fragile nations.

2.5.2 Illegal Timber
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Illegal Timber is illegitimate because it was harvested from a source area that violates that nation’s laws
or multilateral environmental agreements (MEA) (Elliott and Schaedla, 2016). Until the mid-1990s illegal
logging was not recognized as a transnational issue, it was viewed as a country-internal problem. The first
mention of illegal logging as an international issue wasn’t until 1997 (Humphreys, 2016). The illegal
timber trade has grown to be worth between US$30 - $100 billion and is one of the least risky
environmental crimes to commit (Humphreys, 2016; Shaw, 2018). As seen in figure 6, rosewood has
grown to be largest illegally traded endangered species in both value and volume across the world (“The
Rosewood Racket”, 2017). The United Nations Office on Drugs and Crime describe the illegal timber
trade as a “high level of criminal organization and
their operation in flexible networks which easily span
borders” (Elliott, 2013).
Timber that was harvested illegally has
environmental, economic and social consequences. As
Teye (2013) states “The high level of illegal logging,
especially in the tropical world, is partly responsible
for biodiversity loss and climate change. In addition,
illegal logging causes a number of social and
economic problems, such as loss of government

Figure 6: Share of type of wildlife among total seizures, 2005 2014. source: World Wildlife Crime Report, 2016

revenue and conflicts between loggers and farmers.
Although governments of the developing world tend to attribute their inability to control illegal logging to
resource constraints, there is enough evidence to suggest that corruption is almost always deeply
intertwined with illegal logging.” The state does not capture the tax revenue from the trafficked timber
and the influx of illicit timber on the global scale reduces the price of legally sourced timber. Illicit
commodities, like illegal rosewood, are fundamentally different from licit commodities, such as grain or
minerals. In licit markets, value is added to a resource either where it is extracted or produced, or where it
is sold as a final product. Illicit commodities, on the other hand, because of the risks and penalties
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associated with the violation of law, gain their value as they are concealed and moved geographically
toward retail markets (McSweeney et al. 2018). In other words, the actors that can hide and transport
illicit commodities earn the greatest profits, and in the case of lumber, traffickers “launder” illicit logs
within legally harvested lumber exports. It is therefore the lumber traffickers, not the harvesters, that earn
the bulk of proceeds. In the case of rosewood, it is harvested to near commercial extinction, greatly
reducing the biodiversity and ecosystem services of a broad region (Abdul-Rahaman, Kabanda, and
Braimah, 2016; Ahmed, Oruonye, and Ayuba, 2016; Ahmed, Oruonye, and Tukura, 2016). The
geographic extent of illegally harvested timber is also known as the “Geography of Supply”, and for
rosewood this includes most tropical regions of the world (Elliot, 2016).

2.5.3 Geography of Supply
Rosewood is not commercially harvested from plantations or grown for the purpose of selling on the
commercial market. It is taken from where it grows in the wild without replacement. Because it can grow
across vast geographic areas, often spanning multiple countries, specific rules regulating its extraction
does not cover the entire species but stops at a countries border (exceptions mentioned below). This is
advantageous to the traffickers because once an area becomes desolate of rosewood or regulations are put
into place, the traffickers can merely move to the neighboring country and continue extracting the trees.
As one country supply of rosewood trees became diminished loggers seek out new sources from other
neighboring countries, this is clearly expressed in the CITES CoP 17, inf.79 when it states:
“The soaring demand for Hongmu has triggered “boom and bust” cycles all
around the world, characterized by distinct phases. The first phase involves marginal
levels of trade between the source country and China. The second phase presents the
sudden and sharp increase of the imports registered, with increases from one year to
another frequently more than doubling. This phase corresponds to the radical acceleration
in the harvest of Hongmu species in the source country, with prices usually soaring. After
the exploding demand reaches its climax, the volume traded between the producing
country and the demand country usually decreases rapidly. The main reason for the rapid
shift between source countries are the rarefaction of the resource, the discovery of a new
supply in another country, and/or new laws and stronger enforcement in producing
countries to counter depletion of their forest resources.”
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Many of these countries that are within the geography of supply for rosewoods are some of the poorest
and least regulated when it comes to environmental crime. Environmental crimes such as illegal logging
requires very little skill to harvest or transport, making the number of potential participants very robust
(Elliot, 2016). Extracting trees does not require large amounts of capital or equipment, allowing
traffickers to capitalize on the unskilled labor pools in these economically disadvantaged nations. When
rosewood trees are harvested from the expansive tropical forests they are concentrated and funneled
through economic hubs and transported to China. Along the transit route traffickers use multiple methods
for concealing the illicit nature of the logs.

2.5.4 Concealment
Illegal timber, because of its bulk, cannot be hidden in secret panels of boats or trucks like illegal drugs or
weapons can be, it takes significant transportation resources to move. Instead, it must be concealed
through documents allowing it into the licit markets (Humphreys, 2016). Illegal timber traffickers rely on
bribery or forged documents to launder the illegal logs into the market (ibid). This ‘paper concealment’
allows these logs to filter into the legal market and continue on to their destination, mostly notably China.
The documents that are being forged or bought can be falsified concession permits, salvage wood permits,
export permits, falsify quotas (reporting too few logs), falsifying when or where the logs where harvested
or who harvested the trees (ibid). Because illegal timber has a large number of methods to be laundered
into the legal market it can be more difficult to detect illegal timber than other illicit commodities
(“Authorized Plunder: Massive Rosewood Sale Backed by Global Wildlife Convention Fuels Forest
Crimes in Guinea-Bissau”, 2018). Especially in regions with high corruption where bribes can easily
purchase logging, salvage, or plantation harvesting permits (Dumenu and Bandoh, 2016). As the illicit
logs move down the legal chain of supply it creates more of a paper trail, increasing its ‘legality’
justification, making it harder to prove that it was obtained illegally (Elliot, 2016). Illicit environmental
goods are moved through multiple transshipment nodes with lax enforcement that allow the items to be
repackaged, relabeled or fraudulent paperwork to be created before moving on to the next node (ibid). At
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each node along the chain the legitimacy of the product becomes greater and it gets harder to detect the
illicit source of the product. In regions with porous borders that do not restrict the goods that flow
between countries it becomes very difficult to determine the source location of illicit environmental
commodities (ibid). Because these permits are being purchased without regard for sustainable harvesting
the tree species that are often targeted are harvested sometimes to near extinction because of the high
profits derived from smuggling them into the licit logging system. Illegal logging has become the least
risky and most profitable activity when compared to the other environmental crimes (Nellemann et al.
2018).
When a tree becomes high value, it increases the incentive for people to circumvent the law to gain a
profit. If logs cannot be laundered into the legal system in one particular country, they may be smuggled
across national borders and sold in the neighboring country (Nellemann et al. 2018). How extensive
illegal logging is in a country depends on the amount of the desired tree species within the country and
the type of government that seeks to govern the territory where the trees are located. According to the
world bank there is a correlation between fragile nations, such as Guinea-Bissau, and illegal logging
(Humphreys, 2016). In these fragile states they can came to depend on international agencies to help
protect their environment.

2.5.6 Intergovernmental Organizations
Two intergovernmental organizations have been established that are responsible for addressing the issue
of illegal logging: the Convention in Trade in Endangered Species (CITES) and the International Tropical
Timber Organization (ITTO) (Humphreys, 2016). CITES is the primary legal mechanism to reduce trade
in endangered species and covers all 33 species of rosewood. CITES has three appendix’s that it
designates different levels of trade on the international market. Appendix I is the most restrictive and list a
total trade ban on particular species. Appendix II allows some species to be traded sustainably and with
CITES permits, and finally Appendix III contains specific bans in certain countries only (ibid). Because
of the rapidity of the extraction of rosewood around the world all 33 species has been placed on the
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Convention in International Trade in Endangered Species (CITIES) Appendix II in 2016, which restricts
trade to only sustainable levels (“Consideration of Proposals for Amendment of Appendices I and II.”,
2016). Rosewood is the largest commodity traded under the CITIES convention in both quantity and
value (“The Rosewood Racket”, 2017). Some levels of rosewood are legally traded, but the levels that
were leaving Guinea-Bissau from 2012 to 2015 were so high that there was a popular demand by the
people to the president to emplace a 5-year CITES moratorium on felling rosewood trees (“Guinea-Bissau
5 Year Logging Moratorium”, 2015). Although there was not a CITES restriction on rosewood exports in
2012 from Guinea-Bissau, the levels of rosewood being exported exceeded sustainable levels by over
400%, far beyond the capacity of the government to control the trade (personal interview with forestry
director).

2.5.7 National Park Vulnerability
National Parks have become increasingly vulnerable to being exploited by illegal activities. The parks,
which have been established in order to protect and conserve the environment, can be vulnerable to being
exploited by criminals (Cavanagh et al. 2015; Hiller et al 2008, Sesnie et al 2017; Van Der Pleong et al.
2011). Parks in poorer countries can lack the institutional capacity to resist the illegal loggers or poachers,
such as rosewood in Madagascar (Anonymous, 2018) or Rhino in South Africa (Office on Drugs and
Crime, 2016). Because Guinea-Bissau is one of the poorest countries in the world, I would expect the
parks within the country to be extremely vulnerable to being exploited, particularly during times of
political turmoil. Starting in the 1990s until now the need for protected natural areas has been identified
and creating spaces where nature is protected offers one of the best defenses to combat a changing climate
(Temudo, 2012). There have been several types of protected areas that have been established in GuineaBissau, the most common is the Community Based Conservation (Ibid). The national parks in GuineaBissau are controlled by the ‘Institute for Biodiversity and Protected Areas (IBAP) which was established
in 2005. Outside of the national parks in Guinea-Bissau several villages established their own reserves to

18 | P a g e

protect the environment and gather wild foodstuff (Temudo and Bivar, 2014). Sustainably managing a
forest provides resources such as food, medicine, animal fodder or commodities for a community to sell.

2.6 Forest Governance in West Africa
Forest conservation in West Africa has shifted over the last several decades, much of this shift comes
from changes from previous colonial regulations to international development programs or conservation
programs. Since post-independence, logging companies which have been active in West Africa since the
1980s, have been awarded large concessions. These large areas allow timber operators free rein on
creating infrastructure within those concessions. These concessions have been realized to not have been
beneficial to the local communities that they operate in, and often benefit organizations outside of the
country (Counsell, 2009). Local communities are dependent of the forests and natural surroundings for
their livelihoods and wellbeing. This is particularly important in West Africa where 60% - 90% of the
population lives in rural areas. In West Africa up to 90% of the rural populations use forest products such
as fuel wood and charcoal, as their primary source of energy and 80% of the population depends on
forested areas for medicine (Ibid).

Another change in forest paradigms is the increasing role of biodiversity conservation areas throughout
Africa. Since the 1990s and early 2000s there has been a rush to preserve natural areas from human
intervention. This demand for biodiversity conservation often stems from an external or international
organization and imposes rules and laws over the area. These new forest rules are often in contrast to the
local customs and traditions of the local indigenous tribes. International actors emplace laws governing a
forest and its resources, often at the disadvantage of the local populace. As forest is transferred more into
national parks or conservation regions, and if the laws that regulate those regions are weakly enforced it
creates an ‘open-access’ area with little regulation. As noted by Kibreab (1989) “the disruption of the
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traditional arrangements that had protected and regulated the use of common property resources – either
by land reform or by extension of state ownership over previous ‘common’ resources – have led to the
overexploitation of such resources because of their de-facto conversion into open access”.

2.6.1 Forest Governance in Guinea-Bissau
Natural resource management, and in particular forest resources, have always been controlled by the
government in Guinea-Bissau (Diombera, 2003). Starting in 1991 there began a drive to transfer
ownership of the forest resources from the government to the concept of “community forests”, updating
existing colonial laws that were established since 1963 (ibid). In 1997 there was another movement to
decentralize the forest management of the state and transfer ownership rights to the rural populations
(ibid). Concessions were made to some of the large rural land owners called ‘Ponteiros’ who established
charcoal production and saw mill operations. Logging for export has been established in Guinea-Bissau
for decades. There are several sawmills and lumber processing centers throughout Guinea-Bissau, used by
both local timber merchants and for international export. One of the largest operating sawmills is in the
village of Mansaba and has been exporting rosewood logs since 2000. Before the military coup in 2012
in order to gain a concession from the government to log you would have to seek permission from the
Forest Council that would convene twice a year. The loggers would have to submit a management plan to
harvest one of the six commercial tree species that Guinea-Bissau exports, rosewood being one of them.
That plan must be approved by the Forest Council and was put in place to oversee sustainable tree
harvestings. Guinea-Bissau last did a nation-wide tree inventory in 1985 which is what all future logging
concessions where based on in order to maintain a sustainable management. The forest council would
review the management plans put forth by the loggers and approved only those that would be at a
sustainable level: between 15,000m3 and 20,000m3 a year. After the military coup in 2012 there was a
rapid acceleration of rosewood harvesting far beyond the sustainable limits of 15-20,000m3. Between
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January and May in 2014 over 93,156m3 of rosewood logs were exported, over 4 times the sustainable
limit (personal interview with former director of forestry).

2.6.2 National Parks in Guinea-Bissau
Forest governance in Guinea-Bissau has been a mixture of traditional community control and state-run
control until the 2000s. Guinea-Bissau has six national parks that have all been established since 2000,
mostly through a community-based conservation, where national parks work with the communities inside
and around them to help protect the natural resources of the parks (Temundo, 2012, Diombera, 2003). The
parks are managed by the Institute of Biodiversity and Protected Areas (IBAP). IBAP has been
established and managed separately from the governments control. They work autonomously, both in
funding and in decision-making, from the government. Their organizational objectives are dictated by
international organization instead of the government (personal conversation with IBAP director).

2.7 Political Instability in Guinea-Bissau
Guinea-Bissau has been plagued by political violence and corruption since its independence in 1974 from
Portugal. The war for independence took 11 years and established a strong link between illicit arms
traffickers and the political leaders fighting for independence. Since then the country has been rife with
instability. They have suffered multiple coups, a civil war, political assassinations, and earned the
reputation as Africa’s first ‘Narco-State’. The country’s history of underdevelopment by the Portuguese
and poverty lead them to not generate enough capital internally to fully fund a government, making them
heavily dependent on foreign aid. In the late 1990s half of the country’s Gross National Product (GNP)
was provided through foreign aid (Kohnert, 2010). This over reliance on external resources corroded the
state’s power elites and lead to the gradual criminalization of the state institutions (ibid).
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Figure 7: Political history of Guinea-Bissau 1974 - 2009

2.7.1 Evolution to a Narco-State
During the mid-2000s there was a global shift in the narcotics trade due to increased interdiction efforts
by the United States along its southern border and an increased European maritime security meant that
traditional routes to markets had to change. This increased risk to the cartels forced them to seek out
easier transit routes to other high-profit destinations such as the newly emerging cocaine market of
Western Europe via land through West Africa (Bybee, 2009). Guinea-Bissau is an ideal location to traffic
narcotics through because the lack of local state capacity to enforce drug laws, porous borders between
neighboring countries, un-policed infrastructure (including airstrips) leftover from the colonial period,
extreme poverty which makes corruption and bribery easy, and its geographic location along the
Southwestern coast of Africa close to South America (ibid). The cocaine trade became a very lucrative
source of illicit revenue for Guinea-Bissau’s political and military elite, earning at its height nearly four
times the national Gross Domestic Product (GDP) (Jakobsson, 2015). The amount of cocaine that was
trafficked into and through Guinea-Bissau became such an influential amount that it controlled nearly
every aspect of the political sphere. Guinea-Bissau was named Africa’s first Narco-State, or a state where
the influence of narcotics is so powerful that virtually all legal institutions have become penetrated by the
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power and capital generated by narcotrafficking (ibid). The political leaders were often the very ones
coordinating the trafficking while the military leaders were the ones conducting protection and
transportation.

2.7.2 Escalation of Political Tensions
Tensions between the political and military elites over the cocaine trade lead to the assassination of the
head of the military in March 2009 (Shaw, 2015). The same day the military, who believed that the
President was behind the assassination, stormed the president’s home and murdered him (O’Regan and
Thompson, 2013). This double murder between two of the most powerful men in the West African drug
trade exacerbated the existing power struggle between political and military elites for control. Between
2009 and 2011 there was another election and a ‘coup and a half’, severely reducing the power of the
civilian government and placing more control in the hands of the military. By 2011 narcotics were again
flowing through the country, this time with the military at the helm (Shaw, 2015). In March 2012
presidential elections were held and presidential candidate Carlos Gomes Jr received just under 50% of
the vote, resulting in a run-off election in April 2012. On the eve of the election on 12 April 2012 the
military forcefully took control of the country in another military coup (ibid).

2.7.3 Transitional Government
After the 2012 coup, cocaine trafficking, now controlled by the military, grew to unprecedented rates
(Shaw, 2015). In December 2012 the UN Secretary General reported that hundreds of kilograms of
cocaine were entering Guinea-Bissau per week, earning between 10-20 Million USD (ibid). After the
military took over the government in 2012 the rule of law in the country disintegrated. The illicit
economy had taken over Guinea-Bissau’s government. The ability for the government to exercise
coercion over the populace makes the people powerless to stop the government, even if there are laws and
polices preventing such activities. According to the former forest management director in Guinea-Bissau,
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Constantino Correia “The locals, poor as they are, cannot resist the bribes offered. Sometimes even if they
want to resist, they don’t have the strength to do so. Against the military, there is no possible resistance”
(“Rosewood Plunder in Guinea-Bissau”, 2014). It was during this transitional period that services
provided by the government dissolved as well. Foreign developmental aid to the country was curtailed
and international sanctions were put in place (Kohl, 2016). After the military coup corruption grew
substantially, with many of those that had recently seized power attempting to personally enrich
themselves. There were several efforts by the international community to resolve the transitional
government, but powerful political figures postponed elections several times until 2014. During the
transitional government human rights in the country diminished as the criminal factions rose. GuineaBissau’s reputation as a Narco-State grew along with the informal connection between political elites and
illicit businesses, such as illegal logging (Kohl, 2016).

It was during this transitional government that the forests of Guinea-Bissau became open for exploitation
by Chinese businessmen seeking rosewood. As summarized in the CITES CoP 17, inf. 79:
“Guinea-Bissau represents another example of how traders have taken advantage
of political instability to deplete forest resources. Over the past twenty years GuineaBissau has been a fragile state, destabilized by a civil war and several coups. In 2012,
when the country collapsed after a military coup, Hongmu traders strategically seized the
opportunity to secure access to a considerable volume of timber. Chinese log imports
from Guinea-Bissau increased dramatically in a matter of months, from approximately
500m3 in 2010 to more than 70,000m3 in 2014. Asian traders and particularly Chinese,
took advantage of the political chaos and their high-level connections in the country, to
export hundreds of containers of illegally harvested wood.”
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Figure 8: History of rosewood in Guinea-Bissau, 2009 - 2020

2.7.4 Impacts of the Coup on Food Security
Compounding the political instability within the country was the worsening food insecurity situation.
Since the 1980s the rural people of Guinea-Bissau have been encouraged to grow cashews in order to
transform their economy from subsistence crop to a cash crop nation (Havik, 2016). With little education
on how to grow cashews and no infrastructure created to support the cashew industry, the smallholders
within the countryside turned their traditional slash-and-burn agriculture into cashew orchards. Over the
preceding decades the people became more dependent on selling cashews for money to buy rice instead of
growing their own subsistence foods. When the military coup occurred in 2012 it became much more
difficult to obtain foodstuff from the market, and even harder still to make money from selling cashews.
Exploiting natural resources became one of the few methods that people used to gain enough money to
buy food to make it through the dry season.
2.8 Research Design
The aim of this project is to determine if pattern of rosewood harvesting in Guinea-Bissau between the
years 2012 and 2015 can be separated from background deforestation patterns using satellite disturbance
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algorithms and unsupervised clustering. The significance of this research is that to date there is only a
limited number of studies mentioning rosewood harvesting in Guinea-Bissau. There is only one report
(“Authorized Plunder”, 2018) that significantly illustrates the destructive nature of the rosewood trade in
Guinea-Bissau. Ethnographic approaches to rosewood deforestation are common in West Africa (AbdulRahaman et al, 2016; Ahmed et al, 2016; Cerutti et al 2018; Dumenu and Ban doh, 2016), along with
trade data, customs reports and environmental NGO reports (“Authorized Plunder”, 2018; “The Hongmu
Challenge”, 2016; “The Rosewood Racket”, 2017; “Authorized Plunder”, 2014). There has not been a
sub-national map made of the impacts on forests of the rosewood trade in any West African country, a
region of the world whose ecosystems has been significantly been impacted by the rosewood harvesting.
The large repositories of open source landsat collections and its associated forest disturbance maps, offers
an opportunity to understanding how expansive illegal logging can affect a landscape and how extended
the illicit trade can reach.
Because of the lack of resources and capacity in state institutions, Guinea-Bissau has not conducted a
forest inventory since 1985. This inventory is the only baseline source to establish the level of
deforestation that has occurred during the height of the rosewood trade in Guinea-Bissau. Weakness of
state institutions means that Guinea-Bissau has not reported how many logs have been exported, because
there was no system in place to record the exports from Guinea-Bissau at the time. On the other hand,
China has reported via customs records of how many logs they received from Guinea-Bissau. No one
knows the location of where rosewood trees were harvested or what factors made them vulnerable to
being cut down, or if different conservational governance had played a role in preserving the trees. As it
pertains to rosewood, Guinea-Bissau is often overlooked. It is a smaller country with less rosewood
stands and population than other countries in West Africa. Guinea-Bissau, being on the periphery of the
range, and the constant threat of political instability has limited the number of researchers that have
investigated the topic. All of the literature that discusses rosewood in West Africa has done so through
ethnographic investigations or media reports. This is the first attempt to map where within a West Africa
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country rosewood have been harvested from and if there are differences in pattern inside of the country.
In order to research this, I asked the main questions of:
Q1: Is the illegal rosewood extraction that took place in Guinea-Bissau during the transitional government
from 2012 to 2015 distinguishable from traditional background deforestation based on its spatiotemporal
properties?
H1: Using a mixed methods approach we can determine which areas of deforestation can be associated
with illegal logging during each period. Once identified we expect these patches of rosewood extraction
to occur predominantly in times and areas of weak governance such as national parks or protected areas.
Because of the fragility of the state and lack of institutional resources I expect national parks to be more
vulnerable to being exploited than communal or state lands.
To test this hypothesis, I break the research into these sub questions:
Sub-Q2: Is there a specific anomalous cluster(s) that exhibits the temporal patterns of rosewood
extraction?
Sub-H2: There will be at least one cluster that exhibits the patterns of rosewood extraction. The military
coup in 2012 provided the opportunity to exploit the lack of laws over the forests in Guinea-Bissau.
Through conversations with environmental groups that work in Guinea-Bissau, and initially observing
large patches being created post-2012 in Hansen et al. (2018), I believed that the process of cutting down
rosewoods happened in large clear-cut as opposed to selective harvesting, a pattern similarly seen in
Sesnie et al. (2017). I expected to see a spike in these patches larger than 1ha in at least one cluster after
2012.
Sub-Q3: Are the spatial patterns of the anomalous clusters found in areas that are known to have been
affected by the rosewood harvesting?
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Sub-H3: Through participatory mapping I am expecting to locate areas of forest that the rosewoods were
harvested from. Although the areas won’t be all inclusive, they should represent a good case study of
where rosewood were being cut. There should be a greater concentration of rosewood patches in specific
areas when compared to the national or provincial average.
Sub-Q4: Were national parks affected differently by the rosewood extraction than communal/public
lands in Guinea-Bissau?
Sub-H4: Because national parks can be areas of weak governance and have been exploited in other
regions, I would expect these areas to be more heavily deforested of rosewoods when compared to
communal/public lands during 2012 to 2015.
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Figure 9: Concept map of research design. Red indicates beginning processes or products. Green represents end products and
yellow/orange/blue are intermediate steps.

Chapter 3 – Methodology
The aim of this research was to determine if patterns of rapid deforestation surrounding rosewood was
distinguishable from other forms of deforestation. To accomplish this aim I planned on implementing the
research design seen in figure 9. The methodology in this research drawed heavily from Sesnie et al
(2017), which has been shown to be successful when identifying deforestation associated with the ‘boom’
cycle of an illicit activity. Sesnie et al (2017) examined the expanse of forest loss in Central America and
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its relationship to the transit of cocaine through the region. Similar to Sesnie et al. (2017), I took a mixed
methods approach in order to accomplish this aim. First, I attempted to statistically separate different
deforestation patches based on their landscape characteristics and cluster these patches based on their
patch similarity of their landscape properties. I was expecting to see a cluster or series of clusters that
have the characteristics that demonstrate the pattern of rosewood trees being cut down. Secondly, I
conducted field interviews in Guinea-Bissau from April to May 2019 to understand where within the
country the most significant location of rosewood deforestation was, and if there were any distinguishable
patterns that could be described on the landscape that would distinguish rosewood from other traditional
deforestation. Thirdly, I combined this data to see if areas that were identified as anomalous were in fact
rosewood or not. But first, to identify the locations of forest loss in the country I used the Hansen et al.
(2018) dataset.
3.1 Forest Loss Analysis
The global forest dataset provided by Hansen et al (2018) is a readily available and previously validated
dataset that is easily accessible through Google Earth Engine. The Hansen dataset provided several layers
on when and where forest loss and regrowth have occurred around the world. I was only interested in
where and when a forest was disturbed so I only used the ‘lossyear’ layer and ‘loss’ layers to give me the
spatial footprint and temporal range of forest loss per 30-meter pixel. Since the Hansen dataset is only
representative of a year that a single pixel was disturbed, I grouped connected pixels together to form
homogenous patches in Google Earth Engine (GEE). Each of these patches were vectorized and stored as
polygons. Each of the patch metrics assigned were then based on the spatial footprint of these polygons
and were used to store the metric data. The Hansen dataset also covers the time periods from 2001 to
2018, which encompasses the nearly a decade before the military coup and three years afterward. This
temporal range allowed me to establish a baseline for forest loss and to see how forest loss rates have
changed before, during and after the military coup in 2012.
3.2 Forest Loss in Guinea-Bissau
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In total there were 226,205 different
patches that were identified within
Guinea-Bissau that occurred
between 2001 and 2018. When
looking at the annual amounts of
forest loss that took place in
Guinea-Bissau we see a general
trend of steady forest loss from
2001 until 2012. After 2013 there was

Figure 10: Annual number of pixels disturbed in Guinea-Bissau starting
from 2001 (1) to 2018 (18). Source: Hansen et al. 2016)

a significant increase in total forest loss rates from 7,270 hectares in 2012 to 40,123 hectares lost in 2013,
an increase of over 550% in one year. In 2014 forest loss rates drop to 18,409 hectares of forest loss but
rose from 2015 until 2018, maintaining above 20,000 hectares of forest loss per year, well above the
trends seen pre-2012.

3.3 Patch Metrics
In order to separate the different patches into separate clusters I had to first determine and assign patch
metrics for each patch. Sesnie et al (2017) has previously used a series of 15 patch metrics to determine
anomalous deforestation rates from traditional background deforestation rates. The land use change will
be different from that in narcotrafficking states in Central America, but the rapidity of the forest change is
expected to be similar in pattern. I expect the boom cycle of illicit activities in an area to show a rapid
increase in deforestation, I adapted these same patch metrics to measure rosewood deforestation in
Guinea-Bissau. In addition to these 15 metrics, I added one more metric that examines the 10 nearest-
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neighbors of each patch and totaled how many of those neighbors had a mode deforestation year between
2012 and 2015, my targeted years of deforestation. Because of the selective harvesting of the rosewoods I

Table 1: patch metrics used in DBSCAN

expect rosewood patches to appear in relative closeness to each other, though separated by some forest,
during the same year. Adding this last metric will weigh together clusters with high counts of nearest
neighbors that were also cut down during the period of the military coup. Each of these metrics were
coded using JavaScript in Google Earth Engine.

3.4 Google Earth Engine
Google Earth Engine (GEE) is a cloud-based geospatial platform that offers publicly available remotely
sensed imagery and other data, such as the Hansen Global Forest Loss dataset. GEE allows us to use the
parallel processing of the google servers and memory needed to generate the patch metrics, this was the
preferred platform to calculate the metrics because of the extensive amount of data generated and the
computational time needed to run the code. Even with the extensive computational software that is
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provided by GEE the code took three complete days to finish the patch metric code on Guinea-Bissau.
The outputs of the GEE code were two files: a .csv file that held all of the patch metrics that would be
later used in the clustering algorithm, and a ‘.geojson’ file that holds the geometry of each patches. The
.csv file was used as the input into the unsupervised clustering algorithm DBSCAN.

3.5 Clustering using DBSCAN
To cluster the patches, I used the unsupervised algorithm ‘Density-Based Spatial Clustering of
Applications with Noise’ (DBSCAN) from the python library sklearn (Duan et al. 2007; Ester et al.
1996). Sklearn has several unsupervised clustering approaches that would have been suitable for
clustering analysis but there is inherent bias in some of the algorithms based on the dimensional shape of
the data. For example, a commonly used unsupervised clustering algorithm is kmeans, which bases it’s
algorithm around Euclidean distance, a single point which acts as a ‘center of gravity’ to determine the
cluster structure in dimensional space. This can be restrictive in the outputs because it assumes that the
shape of the clusters will be convex (Ester et al, 1996). Because the DBSCAN algorithm uses the density
rather than the shape of points in dimensional space to determine clusters it has the capacity to identify
clusters of any shape (ibid). Before I could input the data into the algorithm it had to be scaled down
using the MinMax scalar algorithm in sklearn to reduce the data to a lower dimensional dataset.
DBSCAN has only two inputs parameters that it uses to identify clusters. The first parameter, Epsilon
(eps), is the dimensional distance that the algorithm finds around each of the points and is used to
determine how close other points are to it. The second parameters that is used is the Minimum Points
(MinPts) parameter, which is the minimum number of required points inside of the epsilon radius in order
to classify a point as part of a cluster or not. If a specific point lacks the minimum number of points
surrounding it, it is not considered a core point of that cluster. It may still be classified as part of cluster if
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it falls within the eps distance of another point. If a point lacks the minimum points and is outside the eps
range of another point it is classified as noise.
In order to find the optimal epsilon value
for the dataset I followed the approach
set by Rahmah and Sitanggang (2016).
They determined the optimal epsilon
value for DBSCAN by generating a K
Nearest Neighbor to plot distances
between all points in an ascending order.
The point along the slope where there is
significant change is where the optimal
epsilon is. For this project it was found
that the optimal epsilon point is .11.
The second input into DBSCAN is the
Figure 11: Example of DBSCAN clustering and parameters

MinPts, or the minimum number of
points that have to be inside of the Epsilon distance before a point can be ascribed a cluster. There is no
test that can be calculated in order to determine the optimal number of MinPts, but this number is created
by user knowledge of the dataset. It was suggested in online forums (Prado,2019) that the minpts should
be at least as large as the number of dimensions you have, in my case 16. This allows for each dimension
to potentially have it’s own cluster if each dimension is strongly unique enough to separate it from all of
the other dimensions. The larger the minpts the less likely you are to include noise into the clusters so I
rounded up to and used 20 for my minpts.
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3.6 Cluster Validation
In order to validate my clusters, I used the Calinski-Harabasz Index (Lukasik et al, 2016), which is found
within the sklearn python package, to compare scores. The Calinski-Harabasz Index is one of several
validation metrics which uses internal validation to determine how well clusters are defined. It is
expressed as a ratio of between-cluster variance and over-all cluster variance. There is no optimal number
to achieve but the higher the output from the Calinski-Harabasz Index the better the overall cluster
separation is. The clusters were validated using the Calinski-Harabasz Index with a resulting score of
10,250. This was the best score I could achieve with the data with other iterations generally scoring in the
7000s.

3.7 Refining Pattern Identification with Field Work
To refine my approach to pattern detection, it was critically important to determine how rosewood cuts
appeared in the landscape. To examine different patterns of deforestation in Guinea-Bissau and how
isolate patterns associated with rosewood, I planned and conducted semi-structured interviews in GuineaBissau over a three-week period in April and May 2019. With the focus on rosewood extraction and
governance regimes, interviews were focused around a deforestation map to allow respondents to explain
the time and locations where rosewood was cut down, and on-the-ground processes that enabled
rosewood extraction.

3.7.1 Preliminary Analysis as the Basis for Interviews
Prior to departing to Guinea-Bissau I created a series of deforestation maps using the forest disturbance
algorithm ‘Noise Insensitive Trajectory Algorithm’ (NITA) (Alonzo et al. 2016) covering from the years
2000 to 2018. This map when examined, is very similar to the Hansen dataset used in the clustering
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analysis. I later discarded using the NITA maps for clustering because NITA was not as accurate in
capturing the correct date of deforestation. The overall spatial accuracy of the NITA map was 87% with
errors of omission at 85% and errors of commission were 88%. Despite having strong spatial accuracy
NITA did not provide temporal accuracy I was hoping to achieve, with 34 out of 72 (or 47%) accuracy
assessment points to have a wrong date assigned when performing an accuracy test. I then chose to use
the Hansen et al. (2018) dataset in its place because future research in neighboring countries can be more
easily replicated, a future goal for this research.

3.7.2

Interview Protocol

Expecting similar results to Sesnie et al. (2017) with large patches growing rapidly, I removed all patches
from my maps that were smaller that 1ha in size in order to reduce the influence of sensor noise and
single pixels. Through initial reviewing of forest loss using Hansen et al (2018) there was an increase of
larger patches after 2012, some of which I assumed would be associated with rosewoods. Due to the lack
of power and internet connectivity outside of the capital city I printed off the deforestation maps for the
entire country into binders. Each map had two overlapping edges with another map to help in area
redundancy and to help promote spatial understanding as I guided people through the participatory
mapping process. In order to not bias an interviewee is differences in colors or dates I did not differentiate
between years on the maps, each patch was assigned a single homogenous color of red, a color that would
stick out on from the background map.
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3.7.3

Gatekeepers

Because of the risk involved in an illicit trade, the political instability of the country and the perception of
myself as an ‘outsider’, I sought out help to traverse the difficult interview landscape. I found an
environmental NGO, ‘Not1More’ (N1M), to assist with the site selection, respondent sampling, and serve
as a gatekeeper in order to access respondents. N1M has been working on the rosewood issue in GuineaBissau since 2011 and has observed its development since the beginning. N1M is semi-based in the
capital of Bissau and has worked with different government agents across the country on the rosewood
trade. They have been instrumental in spreading education to the population of Guinea-Bissau about the
rosewoods and were crucial in promoting the logging ban in 2015. They have strong working
relationships in the country, from forest defenders in the deepest corners of the country to the
Commanding General of the National Guard. Conducting research surrounding illegal activities can be a
dangerous endeavor, trust between
people is paramount. In the
months leading up to conducting
field work, N1M and I would talk
on a regular basis discussing in
detail the plans of the trip. They
have years of experiences across
all of Africa in researching
environmental crime and were
invaluable towards my research.
Figure 12: Example map used in Oio province

3.7.4 Field Research Assistant
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The work of my translator without a doubt was key to my field work. Guinea-Bissau’s situation is
extremely complex, with over thirty languages being spoken (Green, 2016). My translator spoke over
thirteen languages and is well known throughout the country. He knows several of the most significantly
impacted regions of the country and knows personally many of the people involved in the rosewood trade.
The time I spent with him could not have been replaced with a better choice. Because of the violence
associated with the rosewood trade, and because members of N1M has received threats of violence over
rosewood, I have chosen to not include their names in this thesis.

3.7.5 Site Selection

Figure 13: Interview Locations in Guinea-Bissau

We decided to visit four different provinces in Guinea-Bissau where rosewoods were known to have been
cut down: Quinara, Oio, Bafata and the capital region of Bissau. Quinara has some of the heaviest
deforestation in the country and I wanted to investigate if any of the deforestation was due to the
rosewoods or were there other explanations. The capital city of Buba in Quinara is located at the entrance
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of one of the countries national parks: Cufada. There are two other national parks near Buba that I was
able to ask interviewees questions about: Castanhez and Boe, although these parks are not inside of
Quinara. The second location, Oio, was considered ground-zero for the rosewood cuttings. Some of the
last intact forests in Guinea-Bissau are between Oio and the third location: Bafata. These two neighboring
provinces I was told repeatedly during the interviews were the worst cut areas in the country, with the
former director of forestry citing that in “In 2013 and 2014, 85% of the rosewood cut were in Oio and
Bafata.” (Former Director of Forestry #21). In the capital I was able to interview several people involved
with the national parks and forestry departments. The people I interviewed in Bissau had knowledge
about the rosewoods in other parts of the country, but their official offices were located in the capital city.

3.7.6. Sampling
To gather the interview data around rosewood from participants in Guinea-Bissau I used a Case Study
interview design framework (Creswell et al. 2018). I identified interviewees that have knowledge of
rosewoods in Guinea-Bissau during 2012 to 2015. Snowball sampling was used to identify and interview
people that where involved in the rosewood trade at three different social levels: 1) Villager level –
people directly involved in cutting or transporting the rosewoods in the villages. 2) Regional level –
people who are in charge at a regional or provincial level that would have a broader understanding of the
larger areas surrounding them. 3) National level – governmental employees that would have knowledge
of the workings of the rosewood trade at the upper levels of government and society.
To find interviewees at the villager and regional level of analysis I choose to use an ‘Intensive Casefinding’ approach (Trotter, 2012). I choose geographical sampling based on the locations that target
behaviors occur on a regular basis, i.e. where cuttings happened. Discussing with environmental NGOs
and forest activists from Guinea-Bissau I learned where some of the worst affected areas of rosewood
cuttings were and decided to focus some of my interview there, i.e. near the towns of Mansaba and
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Bafata. To select participants at the villager level I used convenience sampling (Etikan, 2016) to identify
participants that were potentially involved in the rosewood trade. To select interviewees at the village
leader level I used a purposeful sampling design (Palinkas et al. 2016) to select those individuals that have
knowledge of the rosewood trade in those geographic locations. For the state-level interviewees I used a
nominated expert sampling approach (Trotter, 2012) to identify subject matter experts that would have
detailed knowledge of the rosewood trade at the country level.
In total, twenty-one in-depth semi-structured interviews were conducted with people that were
knowledgeable about the rosewood trade in Guinea-Bissau. I was able to talk with eight members of the
villager level which included farmers, fishermen, youth leaders, and hunters. Another eight of the
interviewees were conducted at the regional level, including village chiefs, village Iman’s, village
committee members and their family, regional area leaders and a forest activist. At the national level, I
interviewed five people including two directors of national parks, the director of IBAP, a provincial
governor and a former director of forestry.
The aim of the sampling was not to achieve representativity, but rather knowledge of the broad pattern of
rosewood harvest. Thus, a minimum number of interviews was not required in order to understand the
rosewood phenomenon, but rather the number was determined by “saturation level”, or a point where
there were is not any new insights gained from additional number of interviews. The experience of N1M
provided much of the purposive samples because they have been researching the topic for over eight years
and had extensive knowledge of who some of the main participants were. They have interviewed people
before on the topic and have excellent contacts with those who have been heavily involved in the forests
of Guinea-Bissau, such as park directors or government employees. Each of the locations that we visited I
was able to interview at least two of the social levels that I was seeking.

3.7.7 Interviews
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Questions that were asked of the interviewees followed an interview guide (Appendix A) that focused on
the spatial and temporal patterns of the rosewood harvests. Additional questions were added to the
interview guide to covered land use changes or governance issues to understand how the rosewoods
affected the use of the land or governance. Questions were not focused on people’s beliefs or personal
motivations for participating in the rosewood trade, but were more focused on where the rosewoods were
cut down, how they were cut down and how the landscape changed after they were cut down. Even
though I was conducting interviews an IRB was not needed for this research because the focus of my
study was not on people but on rosewoods. I was interested in the dynamic of rosewoods being cut down
and not the participants of the dynamic so I avoided questions surrounding personal involvement in the
rosewood trade.

3.7.8 Limitations and Bias
The largest limitation that I expected to encounter while conducting interviews was the lack of literacy
rates, including geographic literacy – i.e. inability of people to read a map. In industrialized national we
have grown accustom to maps in our everyday life, and our phones tell us where traffic is heavy or where
to find the best diner. In Guinea-Bissau spatial knowledge is more rooted in specific places and
landmarks, and maps – an abstract representation of space -- are far less common. People are not used to
viewing themselves geographically on a piece of paper. To overcome this challenge, I used the GPS on
my Moto X4 smart phone and downloaded offline maps for the entire country. The location of the
interviews was located at the large blue dot easily found on my phone’s maps. This allowed me to orient
my interviewees to nearby landmarks such as roads, rivers, mosques, parks and cities. These close
physical locations help to orient the interviewees to locations that they were familiar with and knew the
history around. The interviewees knew of the general areas where rosewood has been cut but identifying
exact specific trees could be very difficult for anyone, especially those who struggle reading a map. The
geography of supply of rosewood is extremely wide so identifying pixel specific locations of rosewood
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deforestation would take a large amount of time to document and would be difficult to validate on a
country level scale. Therefore, I found it easier to note large polygons where rosewood harvest occurs.
Interviewees usually identified rosewood harvest hotspots occurring across large areas surrounding cities,
along roads or rivers, areas around mosques or in large spans of forest.
Illicit markets often are accompanied by an increased level of risk to those that both ask and answer
questions. To mitigate some of the risk involved with the interview process I took some common
precautionary measures which deviate from the standard interview method to reduce the level of risk,
both to myself and the interviewee. My first and foremost caution was for the safety of the interviewee, I
separated the interviewees names, villages and occupations separately from the recorded interview and
subsequent interview notes. I also took no pictures of those that I interviewed as to not have photo
evidence and did not leave my information with them as to not have evidence that I discussed the topic
with them. Before starting the voice recording, I would gain verbal consent that they were willing to be
interviewed and they knew the topic that we were discussing. I made it clear before all interviews were
completely voluntary and that they could stop at any moment and I would erase the data. The vast
majority of the interviewees were extremely happy to talk to me about the rosewoods and how it affected
them.

3.7.9 Data Cleaning and Analysis
After completing field work in Guinea-Bissau each of the interviews were recorded and coded for similar
patterns and themes around rosewood. Due to time constraints 20 out of 21 interviewees were asked of
locations that they knew of where rosewood was cut down. These locations where digitized into QGIS
along with shapefiles of the national parks.

3.7.10 Cluster Map Comparison
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To validate that the location of clusters identified as associated with rosewood are accurate, I compared
them to locations identified during the interviews and locations inside of national parks. To compare the
clusters to the interview locations I created a polygon map, showing where multiple people specified
locations that rosewood was cut from during the military coup. The more people that have identified a
location as someplace that was affected that more confidence that I have that if points fall inside of those
areas are actual rosewood cuttings. To compare the cluster locations to national parks I examined the
difference between the point density of my clusters inside of a national park and in a five-kilometer buffer
zone surrounding the national parks. This will give me a good comparison to see how conservation
governance was or wasn’t maintained during the transitional government.

Chapter 4 – Results
I was surprised and excited to discover during the first interview that two of my working hypotheses were
incorrect. First, the original pattern of deforestation that I expected to see with rosewood was not large
patches bigger than 1 ha, but rather patches .5 ha or smaller. I was originally expecting to see a similar
pattern of deforestation that Sesnie et al. (2017) identified in Central America, but instead I found a
pattern more similar to selective harvesting. The increase of large patches (> 1ha) after 2012 were
associated with new cashew planation’s being created. The second significant finding that I discovered
from the strong consensus between park directors and park inhabitants is that instead of national parks
being more vulnerable to rosewoods being cut, they were more protected from the loggers, this was later
backed up through my spatial analysis. Upon returning from the field I updated my hypotheses to better
answer my research questions. I was no longer looking for large patches of clear-cuts but rather single
pixel to patches closer to .5 ha in size or less. This changed because of selective harvesting process does
not clear-cut down entire stands of forests at once, it only selects those trees big enough to be valuable
and anything that needs to be removed to access those trees (e.g. roads or clearing brush around a tree).
The second change to my initial hypothesis was that national parks, instead of being more vulnerable,
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were actually more protected than the surrounding areas. So I should expect to see a lower density of
patches inside of national parks when compared to those areas just outside of the parks or identified as
rosewood hotspots.
There are four distinctive characteristics of the rosewood harvest I learned about during field work that
would help separate patterns from other land use changes. To determine if a cluster is associated with the
rosewood extraction I would expect to see at least one cluster that had the following characteristics: 1) a
significant increase of patches starting in 2012 – 2015, followed by a significant decrease in number of
patches after 2015, 2) the average patch size to be around .5 hectares, 3) large number of patches
appearing within the same year and, 4) and a lower density of rosewood patches inside of national parks
when compared to areas surrounding the parks.

4.1 Main Findings

Figure 14: Point density map from centroids of clusters 4 an 5 patches. Blue indicates lower density – red indicates higher density
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My final specification of DBSCAN produced 10 different clusters that were identified, labeled -1 through
8 including 0. Each cluster represents a group of patches that share similar landscape characteristics based

# of patches by First Year of Forest Loss
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Figure 25: Annual counts of patches for clusters 4 and 5

on the patch metrics. Two of these clusters I believe were associated with the pattern of the rosewood
cuttings, because their patch metric properties represent the landscape dynamics I observed while in
Guinea-Bissau surrounding the rosewood trade. I initially organized these clusters based on the first year
of deforestation in order to compare different processes between the clusters. Since the coup started in
2012, I would expect a single (or more) cluster to have more cuttings beginning after 2012. Two of the
clusters (4 and 5) show the characteristics of rosewoods forest loss in Guinea-Bissau that I expected to
see. They have a significant increase of cuttings after 2012 and a decrease after 2015. Three of the
clusters (6,7, and 8) I would consider outlier or background clusters based on their low count of patches,
two clusters (-1 and 3) showed a general decline in forest loss over the time period with a significant
decrease in forest loss in 2012 for one cluster (3), and finally there are three clusters (0,1, and 2) they
show a general stability in forest loss until 2012 then a significant increase in 2013.
There are two clusters, clusters 4 and 5, that show the same pattern of forest loss that I would expect to
see associated with the rosewood extraction. They showed relatively low levels of forest loss from the
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years 2000 until 2011. In 2012 there was a modest increase in the number of patches and in 2013 there
was a significant increase. Cluster 4 had 479 patches in 2011 and increased to 5,911 patches in 2013, an
increase of 1234%. Cluster 5 had 113 patches in 2011 and showed an increase of 3,160 patches in 2013,
an increase of 2942% in just two years.

Average patch size by cluster (Hectares)
-1
0
1
2
3
4
5
6
7
8
21.9786 0.6612 0.7133 0.71025 0.53103 0.59424 0.50390 1.71126 19.4393 35.3392
Table 2: Average patch size by cluster
Since the process in which rosewood is taken is through selective harvesting instead of clear-cutting I was

Table 2: Average patch size by cluster

expecting smaller patches in association with rosewood harvesting. I found that my cluster 5 has the
smallest average patch size among all of the clusters with an average of .5 ha. The next smallest cluster
was cluster 3 with .53 ha. I do not believe that cluster three could be associated with rosewood because
the number of patches that it has declined after 2012, the year I would expect it to increase. The third
smallest average patch size belongs to my cluster 4 with .59 ha. These increases are confirmed through
the interviews about the timeline of the rosewood cuttings. In a discussion with an area leader he
mentioned:
“During the transitional government, the country mixed like water and cement.
Everybody that had power went and cut down rosewoods. Everybody cuts, everybody
cuts down trees in this country. Even the government officials cut down the trees. The
government, civil servants, Soldiers, police, everybody, villagers, they cut and sell, cut
and sell.” (Area Leader #5)
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The speed at which harvest occurred was very quick. Once the coup happened foreign loggers flooded
into the country and cut as much and as fast as they could. During an interview with a cashew farmer he
told me “This massive cuttings happened during the transition[2012-2015], you see forty containers pass
in one day.” (Cashew Farmer #16). I was told story after story about the trucks loaded with containers
headed to the port in Bissau. Multiple people told me informally that trucks would be lined up at the port
for days waiting to be loaded onto boats. As one youth leader put it “During the transition time they
didn’t cut any other tree, only rosewood. Day and night, they are operating, day and night. They are
bringing platform trucks carrying the containers and logs.” (Youth Leader #10). This massive increase
from barely anything in 2012 to substantial numbers in 2013 can be explained through the speed at which
these cuttings happened.

Figure 16: Rosewood imports from Guinea-Bissau to China. 2005-2018
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As cited previously, interviewees explained that Chinese businessmen were the main drivers of the
rosewood cuttings. I was able to get access to the Chinese customs import record for rosewood logs being
sent to China (figure 16). To compare clusters 4 and 5 temporally, I correlated Chinese import data of
rosewood logs to the temporal pattern of the number of patches per year that were cut down in clusters 4
and 5. Understanding that the year that the rosewood trees were cut and the year that they are recorded by
Chinese customs officials may not be the same year so I offset a lag of one year and performed the
correlation on the two clusters. The resulting R2 after incorporating the offset lag was .87 for cluster 4.
The same is true for cluster 4 which had a R2 value of .87. There are generally strong results show that

Figure 17: Top - Combined clusters 4 and 5 compared with Chinese import data. Below – Table 3- R2 factors for each of the clusters correlated
with the Chinese import data

these two curves are similar and potentially dependent on each other. After combining both of the clusters
together and correlating them again I received a R2 factor of .87. Cluster 2 also had a high correlation
factor but I would not think that this is associated with rosewood because the average patch size in table 2
is .71, which far exceeds my expected size of a rosewood patch. When the rule of law collapsed there
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were other processes that increase forest loss after the coup too, such as charcoal production or cashew
plantations. Cluster 2 also had more cuttings before the coup, so this suggests that it is a traditional forest
loss activity that merely increased after the coup but was still present before the coup.
To measure spatially where I would expect to see rosewoods being harvested, I compared my clusters 4
and 5 to the polygons identified during interviews. Out of the 64 total interview polygons identified
across Guinea-Bissau there were 17 polygons where in Oio providence, 6 polygons in Bafata, 28
polygons in Quinara and 10 polygons in Tombali. Knowing that it is nearly impossible to capture every
single point for every tree that was cut down I focused on larger areas that the interviewees knew
intimately. To compare my interview polygons with my associated rosewood clusters I calculated the
point density of my clusters 4 and 5 for each interview polygon. As we can see in figure 19, the denser
areas are in the Oio province with the most dense polygon being near the city of Mansaba. Of the 17
polygons in Oio, 10 of them were in the top 15 most dense polygons in the entire dataset based on the

Figure 18: Patch densities based on interview data

average density per km2 being 2.061. Oio was clearly the heaviest deforested areas in Guinea-Bissau,
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followed by Bafata. 28 out of the bottom 32 (lease dense 50%) polygons were found in Tombali and
Quinara regions. There regions were less affected than farther north.
While I was conducting the interview with the former director of forestry, he offered me a map of the
governments assessment of where the most affected provinces were within the country, seen in figure 19
below. I was then able to calculate the point density of my rosewood clusters within each of the
administrative provinces to determine which provinces were the worst affected. I found that 33 out of 39
(or 84%) districts had similar classification level of intensity between my clusters 4 and 5 and the states
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estimates of where the rosewood cuttings happened. Of the six provinces that were different there were

Figure 19: above - official state map of rosewood cuttings by administrative district. Below - point density of clusters 4 & 5
by administrative district
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three where I predicted the cuttings were higher and three provinces where I predicted the cuttings to be
lower. These exceptions I will go over in the discussion section.
4.2 National Parks
There were only two types of area that seemed to have some protection from the massive rosewood
cuttings. The first was that loggers tended not to cut rosewoods near cashew farms or near villages. The
second reason was that some of the areas had protection because they were inside of national parks.
Although cuttings occurred in national parks they were generally smaller and persisted for less time. The
loggers respected the wishes of the park guards and park administrators. One national park director told
me:
“People came with 20 chainsaws to cut inside of the park. But someone who doesn’t
know the rules and regulations of the park, or where the park starts and where the park
ends, authorized his men to start cutting. The director of the forest gave them license to
cut there, but this person is a Solider. […] When I heard that people were cutting in the
park I went to go meet them. Who authorized them is a General, but he didn’t know if he
was inside of the park or not. I called them and said this is national park and these people
are not allowed to do these activities in the park.” Park director #7

Or when asked more directly:
Alex: “Was more Rosewood cut inside of the park or outside of the park?”
Director: “outside of the park”
Alex: “Why is that?”
Director: “[…] They respected the park ranger’s authority, when the park rangers told them that that is
wrong. That is why they left the park.” (Park Director #7)

National parks were the only area that rosewood trees grew that were protected from the cuttings. I would
expect there to be a lower density of polygons from clusters 4 and 5 inside of park boundaries when
compared to outside of park boundaries. To compare clusters 4 and 5 to national parks I took a point
density of the clusters inside of the national parks and compared that to the point density of a 5km buffer
surrounding the parks. Three of the parks had a similar density of points inside of the park as compared to
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outside of the park. But two of the parks, Cufada and Boe had a greater density of points just outside of
the parks when compared to inside of the parks. Cufada and Boe had .287 and .574 per km respectively,
while their surround buffers had densities of .649 and .746 respectively.
I found that the parks that had the greater density of clusters 4 and 5 were Dulombi and Boe national
parks in the east with a density of .645 per km2 and .574 per km2 respectfully. Cufada and Castenhaz
national parks in the south had densities of .287 per km2 and .258 per km2 respectfully. Varela national
park had the lowest density at .139 per km2.

Figure 20: Point density of clusters 4 and 5 inside of national parks and a 5km buffer surrounding the
parks

4.3 Additional Results
For the three outlier clusters (6 through 8), they had the minimum amount of points required to be a
cluster (20 based on the MinPts parameter) but failed to show any significant changes over the entire time
period. Each cluster showed less than 100 patches per year. Each of these clusters only showed
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deforestation from 2000 and ending in 2012. Since the majority of the rosewood deforestation started in
2012, I would not consider these clusters to be significant in the case of rosewood and are classified as
background patches.
The two clusters that show a general decrease in forest loss (-1 and 3) I would also consider background
clusters and not part of the rosewood forest loss. Their patterns decrease over time, whereas I would
expect to see a significant increase in forest loss after the year 2012. Instead in cluster 3 I see a significant
decrease in number of patches in 2012. Cluster -1 was more associated with the larger patches in size.
During my interviews every interviewee said that they large patches of deforestation was due to people
clearing land for cashew plantations. So I would associate cluster -1 with agriculture.
Clusters 0, 1 and 2 all follow the same general trend from 2000 until 2012, each sharing roughly the same
relative number of patches to each other. In 2013 there was a increase in forest loss in all three clusters. I
would also contribute these clusters to background because they remained at consistently higher levels of
forest loss from 2000 until 2012, a period in which the rosewoods were not cut significantly. Each of the
three clusters also show a pattern of decreasing in 2014 and remaining at about the same level as before
2012.
Another characteristic of rosewoods is that the patch sizes will be small. The forest loss associated with
rosewoods was through selective harvesting and not clear cutting so that only one tree species was
targeted when the cuttings happened. On occasion for the larger trees they would clear around the tree to
make room to shape the logs but in general the area they took up was small. To compare the average sizes
of the patches per cluster I took the mean of the total hectares that were cut down per patch to figure out
the average size of each of the clusters. Cluster 5 had the smallest average total hectares at .49 ha. This is
below my threshold of what I would consider associated with rosewood. The next smallest cluster was
cluster 3 at .51 ha followed by cluster 4 at .55 ha. Cluster -1 had the highest total hectares at an average of
14.72 ha.
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Chapter 5 – Discussion
While conducting
interviews in GuineaBissau I quickly realized
that my working
hypothesis about the
rosewood deforestation
was initially incorrect
about two features. The
first was the size of the
patches getting cut down
and the second was that I
had thought they would
be concentrated inside

Figure 21: cuttings of rosewood. left side - tree wasn't straight enough to cut down. right scraps of leftover cuttings

national parks. Taking what I had learned from Sesnie et al. (2017) I assumed that the rosewoods were
getting cut down in large clear-cut patches, and I assumed weak forest governance during a coup would
lead to exploitation of protected areas. But conducting interviews made me reassess and refine my
hypothesis. I was correct that there was a significant boom in the rosewood cuttings during the military
coup but the large clear-cut patches of forest loss that I could see on the disturbance map were people
cutting down trees to plant cashew plantations or other agricultural practices, such as swidden agriculture.
The rosewoods are selectively cut over a vast area. This creates small patches/single-pixel patterns that
happened in specific areas. That was repeated over and over during the interviews.
Between my two clusters they show the same general trends, with only one small difference between
them, the number of patches that were cut down before 2012. Cluster 5 had virtually no cuttings before
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2012 and then skyrocketed in 2013. Cluster 4 had a minimum amount to patches cut down before 2012,
but still has the same skyrocketing effect in 2013. This means that cluster 4 captured more small
area/quick-speed patches that may or may not be associated with rosewood. Although rosewood was a
marketable commercial tree species prior to 2012, there were another 5 other species that were also
marketable.
Once I knew the pattern to isolate, I completed the clustering analysis, and I quickly saw two of the
clusters that exhibited the characteristics that interviewees described to me in the field.
Six major themes emerged from the interviews about the rosewood exploitation that I will cover in the
next section: 1) patterns of rosewood deforestation, 2) political instability, 3) impacts on national parks,
4) unexpected cuttings, 5) China’s involvement, and 6) poverty and drought. Each of these themes were
discussed in multiple interviews and were consistent across all of the interviews, but the former director
of forestry summarized it best:
“It was a very difficult period, 2012-2014, because we are in the hands of the Soldiers. In
those days, during the military regime, there were so many promises. People wanted so
many things, people came from different areas: Gambia, Senegal. There was no control in
those days, there was much confusion about the future. So, everyone cames in those days
to profit and do what they wanted to do. Some people think that after the military rule this
will stop so let me cut as fast as I can.” Former forestry director #21
5.1 Patterns of Rosewood Deforestation
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The pattern of deforestation in Guinea-Bissau resulted from selective harvesting by removing only the
largest trees in the forest and not to clear-cut large areas, most of the time also leaving the smaller or
crooked rosewood trees because they were not valuable. For a rosewood tree to be harvestable it needed
to be straight, thicker than 32cm around the trunk, and have at least 2.5 meters between the roots and the
crown. For an example, in figure 21 the tree on the left wasn’t straight enough so it wasn’t cut down while
the attached tree on the right was felled and squared. The most valuable part of the rosewood tree is the
2.5 meters section of heartwood. The trees would be squared into 2.5m long pieces in the bush, leaving
the remaining crown and scraps in the forest. This would later become an issue once the moratorium was
enacted, local villagers could not go and harvest the left over scraps for firewood or furniture because that
were afriad that they would be arrested and accused of cutting down the trees. Most rosewood tree would
produce one squared log, but for the oldest and largest trees they may get two or three logs from each tree.
The smallest tree that I heard of being cut was 32cm in diameter, and anything larger would be felled.
When the loggers first arrived, they would not have the equipment necessary to remove the trees, so they
would need to build small logging roads, and cut and square the logs manually using a chainsaw. They
would create a network of spider-webbed logging roads through the bush going from large tree to large
tree. A local area leader told me “The first time the workers that brought those people they enslaved them,
because they dragged the logs
from the bush up to the logging
road. Those workers, they were
working for the Chinese. […]
They took the logs from the
ground and carried them using
their own power. For a complete
year they were doing a job
manually. Until after the that
Figure 22: Harvested Rosewood with stump and crown remaining.
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year, the following year they

brought a tractor” (Area Leader #5). People began cutting as much as they could as fast as they could
because they did not know how long they would have before the cuttings were forced to stop or before all
of the trees were gone. This was an extreme case of the tragedy of the commons, where institutions for
managing common resources dissolved, and people rushed to exploit them. A family member of a
committee member told me “That is the time when the country was destabilized, so people profited. They
believed during that time they needed to cut everything before the next year.” (brother of committee
member #13). People were afraid that if they did not cut down their own trees that others would come and
take the trees for their own profit. Then they would be out any of the revenues that they could have made
from the sale of the trees.
One pattern to note that deviated from the “cut everything” rule was that the some of the logging groups
would not cut down rosewoods in or near someone’s cashew farms or near a village. A village may band
together and sell their rosewood trees that are in or near their cashew crops but mostly they would leave
those alone. A cashew farmer told me “Your neighbor doesn’t come and cut your trees, it doesn’t happen.
What is happening here, they cut in an area where people are not doing farming. (cashew farmer #16).
The loggers did not want to affect the people’s livelihoods or homes. They were only there for the trees
and not to inflict intentional damagers on the people or their livelihoods.
In my discussion with the national-level interviewees they were able to illustrate on a country scale where
rosewood trees grew, and where they were harvested in the country. The former director of forestry
(interview #21) told me that he believed that 85% of the rosewoods were cut down in Oio, Bafata and
Xitole, which is highlighted in figure 23. This is backed up by the concentration of points in those regions
that you can see in point density map figure 23. The bulk of the cuttings happened in these provinces, in
the central north and central east. These are the regions that have been affected the worst in the country.
In figure 19 you can see the concentration of points per administrative district matches fairly close to that
of the affected areas provided by the former director of forestry.
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Figure 23: Top – high density heatmap of clusters 4 and 5 showing the worse affected areas. Below - Map provided by former
director of forestry of areas most affected by the rosewood cuttings. The blue highlight shows areas that were affected the
worse.
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5.2 Governance and Political Instability
The key event that took place that allowed for the massive cuttings of rosewood was the military coup
that occurred in 2012. It introduced a military transitional government that lasted until 2014 when the
military transitioned power over to civilian control. When this coup happened, the fragile society broke
down and people survived the best way that they could. When civil society collapsed there were no longer
any rules or laws that reigned how people were to live. When a society doesn’t have rule of law or there
are at least no consequences for breaking laws, people may turn to illegal activities to make money to
survive, particularly if they live in extreme poverty. This was explained well by a park director saying
“There is a coup d’état, we don’t have a stabilized government. The government institution is very weak
in those days. Things are not functioning according to how they should function, so people profit from do
some illegal activities.” Park director #7. Many types of people turned to this illegal logging to make a
profit, but the profits were not equal amount all actors. Some people cut down the rosewoods just to
survive through to another growing season and some people gorge themselves on the revenues they made.
Many of the trees were funneled to elites in the country, benefiting those at the top more than those at the
bottom. It was outside the scope of this thesis to identify all actors that participated in this rosewood
cuttings, but my perception from the interviews is that nearly everyone was impacted by it. Rosewood
was an easy, low-risk way to make a profit during the coup. If you could identify where rosewood trees
were, there was not any lack of Chinese businessmen willing to buy them. Sadly, many of the government
personnel responsible for protecting the trees became involved in cutting and transporting the rosewoods.
As one cashew farmer told me:
“The government in those days didn’t come with anything. They use the people here like
goats, sheep and donkeys. They don’t care about them. The government, they don’t care
for the people living in the bush. People are coming to them and they never care for them.
Because the government doesn’t bother themselves to show you any paperwork or
permits, they just come and cut. (cashew farmer #16)
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Because the villagers would see these government officials participating in cutting down rosewood trees,
they felt like they had no power or control. There was no one that they could turn to in order to help them.
The Cashew farmer told me “If you complain against them [the government], they will catch you here in
front of your family. They will take you to Bafata, and they will beat you, and, they put you in jail. When
you leave you can’t say anything. […] What I tell you now I can’t tell the government officials.” (Cashew
Farmer #16). For many of the villagers that saw the cuttings happen by government officials they would
then begin cutting down the rosewoods themselves. Several of the interviewees told me that because the
law authorities were the ones cutting down the trees that they thought it was acceptable even though it
was violating the law. As the cashew farmer expressed “Individuals living here know that it is illegal to
cut the trees like that. But if the government officials came and they see them, or they see the individuals
working with the government they will think that it is legal. Because the government is governing on
them. For them, they didn’t go to school, so even if you think that it is illegal you don’t have the power to
say it.” Cashew Farmer #16.
Corruption and coercion became rampant in the country after the coup. Some of the governmental
institutions would provide protection to the loggers. Licenses and permits were issued to loggers to give
them ‘authority’ to cut down the rosewoods, but many times they didn’t need them because authority
officials were present during the cuttings. One of the park directors told me “We have groups in the
military that are doing this cutting. I know of a village around Bafata area where the Soldiers escort the
loggers to go and operate, they don’t allow anyone to pass. No one can control those people doing the
cutting without them.” (Park Director #19). Coercion of villagers by military members was also routine
during the coup. As one park director put it “The national guard pass in front of the loggers, so when they
see the national guard with the arms nobody can complain. So, there might not be physical violence, they
threaten you but you can’t be physical because you are scared.” Park Director #19.
Bribery was commonplace among the people doing the cuttings. One of youth leaders that was involved
in the cuttings told me that “If you collaborate you corrupt the national guard and forestry here in
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Mansaba. If you cut SO many of the rosewood for you because you are about to give them a tip. But if
someone see [me] cut, they said “ah this man is cutting let me cut.” So he doesn’t have any collaboration
with them so they will come and arrest him.” (Youth Leader #10).
The population of Guinea-Bissau has little faith in the government. None of the interviewees at the village
or village leadership levels of interviews had said anything positive about their government. They did not
agree with many of the government decisions and felt that they had no power to protest. They were only
there to be taken advantage of by the government. Over the years the population has observed how the
government officials have abused or corrupted the laws for their own benefit but can’t do anything about
it.
5.3 National Parks
In Central America the national parks cover massive areas that are very difficult to control. This makes
them ideal for criminals to take advantage of the lack of government presence. However, in GuineaBissau the national parks system is separate from the government system, therefore when the government
collapsed in 2012, park authorities were able to maintain territorial control over the parks. This
significantly reduced the number of rosewood cuttings in the parks. The parks were not immune though
from the cuttings but were impacted far less than the surrounding villages and forests.
This was the most surprising finding that I discovered. I had originally hypothesized that national parks
would be more vulnerable to the rosewood cuttings because of a lack of institutional support from the
government, which itself is very fragile. But the national parks in Guinea-Bissau are managed by an
autonomous institution called the Institute for Biodiversity and Protected Areas (IBAP). I was able to
interview the IBAP director and he was able to illustrate that “[IBAP] is a public institution. [IBAP] has
administrative and financial autonomy from the state. […] [IBAP] has been working with the
communities and public services so that [IBAP] can stave off the problems of instability of the country

62 | P a g e

because they have that autonomy and [IBAP] can keep going. [IBAP’s] programs are independent of the
state.” IBAP Director #20.
Another reason that IBAP was able to protect the forests and reduce the rosewood cuttings was that
“[IBAP] has the ability to apprehend the timber, the chainsaws, charcoal. [IBAP] has the capacity and the
ability to do it. Inside the park we can arrest the people, but we don’t have people who are armed. So we
can work with the national guard [to conduct arrests].” IBAP Director #20 They have a funding source
from the EU that is external to the political situation in Guinea-Bissau. So, when the government
collapsed in 2012, they were still able to receive funding from their external sources and maintain their
functionality. This allowed them to pay their employees and work with the villages inside of the parks,
which reduces their vulnerability to corruption. This is a benefit from the “Green Imperialism” that is
mentioned in Ariffin, (2010), or where a foreign
agency or NGO funds and supports protected areas
in developing nations. These agencies can also
define conservation goals of the parks because that
is where the funding sources come from. Although it
allowed some stability during the transitional
government, it does prevent the nation that the parks
reside in from controlling some of their lands.
Another influencing factor that I noticed was what is
call fortress conservation (Colchester, 2004). This is
where the rules of a protected area reduce the rights
of the indigenous people to access those resources.
The people living in the park are not able to use the
resources of the park because the protection over
Figure 28: Standing next to a Rosewood tree in Cufada National Park.

nations superseded that of the people. So although
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the loggers were not able to gain access to the natural resources inside of the park, that same protection
extends to the indigenous people living inside of the park.
Although they were more protected the parks still felt the impacts of the rosewood cuttings, as one park
director told me, “The biggest impact was that it cost a lot of money to send out the trucks and do patrols.
That was the biggest impact for [IBAP], it hit the budgets. It cost a lot of money to stave off a lot of the
cuttings. People here just lost their minds and wanted to cut all over the place.” IBAP Director #20.
Even though they had the resources to prevent much of the cuttings they were still affected. “In the
perimeter of the park is where [I’ve] seen the cutting and done some actions to apprehend the chainsaws
and things like this. There is not too much activity like illegal cutting has gone on inside of the park in the
interior.” IBAP Director #20. If a national park was cut it was usually on the exterior perimeter or in a
2km buffer zone around the parks. As one park director told me, “This the cutting is happening,
somewhere people are smuggling and cutting. But the major part of this is happening outside of the park.
Even the forestry department agents and rangers, and national guard are involved in the cutting that is
happening on the edge of the park, and still what is happening they are involved.” Park Director #19. The
people that worked for the national parks spoke with pride about their work and both of the directors that
I talked with spoke about the relationships that they were building with the people inside of the park to
prevent the cuttings. These findings were backed up when I interviewed people inside of the Cufada
National Park and they confirmed that there hadn’t been as many rosewood cuttings inside of the national
park. There were still rosewood cuttings but at a lower rate when compared to the surrounding regions.
After the interview one of the village leaders took me to his house and along the way he showed me his
rosewood trees still standing.
The reason that the national parks were more protected than the surrounding areas is for a few

5.4 Unexpected Areas
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As mentioned before in the Results section, there are two areas of the country that clusters 4 and 5
appeared that ran counter to where I was expected rosewoods harvested, noted as ‘1’ and ‘2’ in figure 24.
They are a series of patches that are in Cacheu province along the northern border with Senegal. The
second area that runs counter to what I was expecting is in the southeastern corner of the country in Boe
providence, there are a group of patches along the border with Guinea-Conakry. Why these patches were
cut here could be explained by the nationalities of the loggers.
Guinea-Bissau was not the first country to be affected by the rosewood exploitation. Heavy rosewood
exploitation occurred first in neighboring countries of Guinea-Conakary, Senegal, and The Gambia. The
cashew farmer told me that “They come from Conakry and Gambia, After that they mix with the
Guineans. The major part is from Guinea-Conakry. Gambians, Senegal too, but the main part is from
Guinea-Conakry.” (Cashew Farmer #16). Or the youth leader told me “They came with the Chinese, but
they were black operators. They are foreigners, they came from Gambia, others came from GuineaConakry. They were working for the Chinese.” (Youth Leader #10). Many of the loggers that entered the
country were from foreign nations, and where they had previously gained experience in rosewood
extraction.
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A potential explanation for the first unexplained area (1) is that this is the region of the country and

1
2

Figure 24: Providences that differ between the state map and my clusters 4 and 5

borders with the Casamance region of Senegal. Since 2010 Senegal was having significant issues with
separatist rebels in the Casamance region smuggling rosewood trees into The Gambia to be sold to China
(“Timber Smugglers could make Senegal’s last forest Disappear”, Reuters 2016). One provincial
governor illustrated to me:
“They [Chinese] don’t want to work with Guineans 100%. There are operators, and
people that are doing other things for them. They are coming from Guinea-Conakry,
Gambia and Senegal. […] The principle people are coming from Conakry and Gambia. If
you go to Gambia you see so many logs in the Gambia, but whereby it’s not from
Gambia, it’s from our country.” Governor #6.
It is very probable that some of the rosewood trees that were cut along the northern border of GuineaBissau during the transitional government went to The Gambia to be sold. During the time of the
transitional government there was very lack border enforcement. The ability for traffickers to smuggle
rosewood logs over the border would not have been a difficult task. In fact, most of the rosewood trees
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being exported from The Gambia are illegally smuggled into the country from elsewhere. Only 3% of The
Gambia is forested but they are the second largest exporters of rosewood logs to China in West Africa,
behind Nigeria (Sharife and Anderson, 2019).
The second pattern along the border
with Guinea-Conakry in the
southeast can potentially be
explained by the nationalities of the

2

loggers as well. In informal
conversations with several
environmental activists and forest
managers that have worked in
Guinea-Conakry, the problem of the
rosewoods being overexploited is
plaguing there as well. There is
virtually no evidence in published
literature or media references on

2

rosewood coming from GuineaConakry, but these findings, as well
as observations of the Hansen forest
loss data in Guinea-Conakry (figure
25) shows a there is a similar pattern
of increased deforestation rates in

Figure 25: :Top - deforestation 2001 - 2012. Bottom - deforestation 2013 - 2015. Red circle
dictates where unexplained patch #2 is located.

2013 that matches Guinea-Bissau.
Within Guinea-Conakry the largest most extensive forest loss is concentrated in the country’s northwest
region, directly across the border from the second unexplained area in Guinea-Bissau. This increase in
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deforestation across a very porous border could explain of why we see this second area of unexplained
deforestation, the logging could have spilled over the border and trees were taken from the Guinea-Bissau
side. I was told at a later date by a N1M member that the provience of Boe are so remote and the roads are
so poor that government employees rarely go there and that it is possible that no one recored the
rosewoods coming from that region.
The Chinese businessmen that were operating in the neighboring countries moved into Guinea-Bissau and
used the loggers from these other foreign countries for several reasons. The primary reason to use a
foreign logger was that the loggers were already trained to use chainsaws to cut rosewood to the
dimensions the Chinese businessmen preferred in order to properly organize a shipping container and
knew the preferred extraction techniques. The Chinese businessmen would not need to train new
chainsaw operators if they used the previous chainsaw operators that had the a priori knowledge of how to
prepare the logs properly. As a committee member told me: “There are foreigners that cut the logs by
themselves. Guineans don’t know how to cut the trees. People from Guinea-Conakry and other countries
know how to cut them. Then they started cutting and training the Guinean-Bissauians how to cut. The
Bissau people, they don’t know how to operate a chainsaw.” (Committee member #15).
Of the three provinces that I noticed a lower number of cuttings that the state map this could be due to
several potential reasons. There was a large number of cuttings near Buba in Quinara province. This was
mostly clear cuttings for cashew orchard plantations. Another potential reason that I registered less
cuttings in Quinara is that the coast regions don’t grow rosewoods as well. The rosewoods tend to grow
several kilometers in land. Since this wasn’t the optimal climate zones for rosewoods the trees there could
have been smaller and therefore less likely to be detected by the Hansen et al. (2018) algorithm. When I
visited this are there was a large amount of rosewood cuttings that happened here, but in comparison less
than other provinces.
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5.5 China’s Involvement
During the military coup, Chinese businessmen drove demand for rosewood, and were the principal
source of capital financing the rosewood trade. Through the previous literature and through my own
personal interviews I saw that the Chinese businessmen were the primary driving cause of the rosewood
depletion. This is the main justification I have for comparing my selected clusters to the Chinese
rosewood import records. Through the interviews I learned that trade was not a consolidated effort by a
single organization or individual but a loose connection of people that cut down, extracted and exported
the rosewood trees. Different groups would employ different tactics to secure the trees and a few common
tactics were shared by Chinese exporters. They would 1) offer to build something for the village like a
school or mosque in exchange for access to the rosewoods, 2) come with an authority figure like Soldiers
or government officials, or 3) work through mediators to secure the logs with village leaders. They would
offer the villages projects to secure access to the trees but never commit to completing the project. As one
area leader put it:
“…When those Chinese came and told them if they cut the rosewood and mahogany,
they would bring some type of trees and plant them. They started cutting, when the
villagers realized that the Chinese can’t do what they say they could, they want to stop
them. But the government doesn’t give them support, doesn’t give the population support
to stop the Chinese because they don’t do what they say. They can’t stop them … What
they agree with the local villages, they don’t do it. They said that there is a law, but the
government doesn’t respect the law.” (Area Leader #9)

Village projects were often promised but never delivered. Mosques, schools, hospitals were all promised
but once the trees were cut and removed the Chinese businessmen would just leave. If the Chinese
businessmen didn’t work directly with the village leaders, they would work with government authorities
such as Soldiers or Department of Forestry officials. The Chinese businessmen would work very closely
with government officials because it would give them the authority, they needed to secure the logs. The
Chinese businessmen were so integrated with the government that a former director of forestry told me
“Chinese are living in the Army camp, that is so strange, we don’t have a Chinese army. We don’t have
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any institution of the Chinese, it is so strange.” Former Director of Forestry #20. Because of this
interconnection between those doing the cutting and those that were supposed to protect from the cuttings
the villagers felt helpless. Villagers could not protest or raise a complaint to the government because they
were the ones facilitating the cuttings. One area leader told me about the interactions between himself and
the Chinese businessmen:
“When he asked them [the Chinese] what is the agreement between you people and the
government, they tell him, look: what we have to settle with the government we settled it
already. So, if your government gives you nothing that is your issue. But if it is another
country, any tree that we cut we have to build a school for you people, maybe a good
road or maybe a hospital. But if your state does not do nothing what we have to trade
with the state we have traded with the state.” (Area Leader #9)
The majority of the interviewees knew that the Chinese businessmen were the ones behind the cutting of
the rosewood tree. Everyone knew that the massive cuttings of the rosewoods started after the military
coup during the transitional government, and the Chinese businessmen capitalized on the lack of
governance. Bribery was rampant among the country with one provincial governor (#6) telling me “If you
know someone well you will know how to corrupt them, these people are collaborating with the Chinese.
They know how to fool the population, and give them money to do this. Its all about corruption. Poverty
and corruption.” Poverty was a driving cause of why people were willing to cut down all of the rosewood
trees.
5.4 Poverty and Drought
Poverty was a motivating factor for people to cut down their trees and sell them to the Chinese
businessmen because the government collapsed and there were no goods or services being provided for
the people. Also during this period, a drought hit Guinea-Bissau directly affecting the subsistence crops.
People could not afford the rice needed to feed their families so when the Chinese businessmen showed
up and offered a little money for the trees around a village, many villages accepted the offers. As one
brother of a village committee member told me:
“Before the transition there aren’t many economic activities going on, but sometimes
when you farm during the rainy season you sell your product and you get money. If that
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money doesn’t take you up to another farming season, the period that you have difficulty
wasn’t long. But during the transition time there were no government activities. Income
activities were stopped. So people think, at this time what can I do? (committee brother
#13)

I was told by several of the interviewees that either their village or one that they knew of had banded
together and cut down their own trees to sell to the Chinese businessmen during the transition. They knew
that if they didn’t sell their trees to the Chinese businessmen then they wouldn’t be able to have enough
food to last until the next planting season. As Figure 26 indicates, the years 2013 and 2014 had less
rainfall than other years. As in much of the world, when the rainy season begins in Guinea-Bissau the first
rice plants are planted in the paddies in order to take root as seasonal rainfall increases. But because of
this drought the first rains were not followed by additional rains, drying out the rice fields and destroying
the crops. Another set of seeds would have to be sowed later in the rainy season in order to grow enough
food for the next year. The droughts increase the poverty of the people because it causes them to double
plant crops to have enough food.

The money that they received from selling
the rosewood logs usually wasn’t worth
much and was far less than the actual value
of the wood. The director of IBAP told me
“The communities don’t understand the
value that the timber, they would make their
own agreements not knowing the true value
of it.” (IBAP Director #20). One village
committee member’s brother told me “They
Figure 26: Average Rainfall (mm) and rainy days

agreed on the money, liquid cash. If they fill
any container because they brought all the tree here, if they load the container, when the container is full
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they have to give them 500,000 CFA for every container.” (brother of village committee member #13).
500,000CFA is roughly 850 USD for an entire 20’ container of rosewood, the price on the open market
during that time was roughly $3000 per ton of wood. Another village leader told me that they reached an
agreement that the loggers would give them one log for every ten that were cut down. They then sold
these logs for cash for the village. Some villages would pool the money to purchase things like cars or
motorbikes so the village could access the urban centers for resources or to sell produce.
During the coup, people made money
anyway that they could. One village
committee family member told me
“When I first heard about the cuttings,
it was only one year before it arrived
here [in his village]. But after one year
it was country-wide because after that
time, after one year, poverty was

Figure 27: per Capita GDP for Guinea-Bissau from 1970 - present. Source:
tradingeconomics.com accessed 17 JULY 19

increased. People, even now,
everybody, villagers, foreigners are cutting the trees to get income.” (brother of committee member, #13).
The first year of the massive cuttings (2013) his village wasn’t severely affected by the cuttings. But in
the second year (2014), after increased poverty levels, everyone was cutting as much as they could. As
figure 27 indicates, the per capita GDP fell in 2012 after the military coup, and stayed low until 2015
when it increased again. The poverty level drop wasn’t as dramatic as during the civil war in 1998/1999,
but it was significant enough that people were struggling to survive during the coup.
Another common theme that emerged is that once people understood that there was good money to be
made by cutting the rosewoods, they would invest more money into chainsaws, trucks, or other
equipment to facilitate more cuttings. The more money they made the more money they would invest.
This cycle was swiftly broken when the government issued the logging moratorium in 2015. They then
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began to confiscate any equipment, facilities, or logs involved in cutting rosewood. This proved to be a
significant burden to those that invested everything they had to capitalize on the rosewoods because it was
the only source of income:
“At the end of the massive cutting, when the moratorium came out, some people newly
entered into the cutting. Some people sold their own animals, some people went to the
bank and took out loans, some people sold their own land just to get access to equipment
to cut rosewood and sell it to the Chinese for export. […] When the moratorium came
people lost their lands and money because they sold their lands and wanted to buy
equipment. […] you sell your own animal, you buy some rosewood, and then you want to
sell it to the Chinese to get more money. Then the moratorium came, and the cuttings
stop. What makes the poverty after the moratorium? Those logs belong to the peoples, the
government took all of it, even the equipment. So, it brings another poverty again.”
(Youth Leader #10)
This second poverty is still being felt by the population and many are in court cases to release their
equipment and funds.
5.7 Other Causes of Deforestation
There are several reasons that deforestation increased between 2012 and 2014, and not all of them are
rosewood. The clustering algorithm was able to distinguish a lot of the larger patches from the smaller
patches. Everyone that I interviewed said that the large patches of deforestation are going to be people
cutting down trees to plant cashews. The government encourages people in the country to grow more and
more cashews because it is the main income from exports for the country, accounting for 98% of
commodity exports (Havik, 2016). The government also does not give support for the cashew economy
by failing to provide adequate infrastructure such as processing facilities, credit for smallholders,
investment capital and enforcing a ‘formal’ trade network (ibid). The cashews that are grown in the forest
are informally traded to traders that take the cashews to the main port of Bissau, and usually the cashews
are bartered for rice or other products (Temudo and Bivar, 2014). Almost everyone in the country is
dependent on the cashew crops. Cashews are viewed as an adaptation measure by the people to secure
more income in the future. It takes six years to grow a cashew crop to full maturity, but that is the main
source of income people know how to grow. When there are a difficult years, people plant more cashews
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in the hope that in the future there will be more profit so that they can by more food items or goods. When
the government collapsed in 2012 so did the cashew industry in the country. Poverty levels soared and
people began to adapt by planting even more cashews. This is an explanation for my there was an
increase in the large-patch deforestation seen in the forested regions. Additionally, the people living in the
national parks are severely restricted on what they can and can’t do inside of the park. There are special
zones that they can cut down in the park and plant crops, these zones are where I saw a significant
increase in the deforestation. Another reason that people increased the number of cashews that they were
growing is that the years 2013 and 2014 had a lower amount of rainfall. Because of the lower amount of
rainfall in 2013 people had to plant the rice crop twice, losing the first planted seeds. This caused a severe
backset for many families, so in order to adapt they planted more cashews which have a higher resistance
to increased temperature than rice.
Another reason for increased cutting of trees in Guinea-Bissau during 2012-2014 is the charcoal trade.
Only two of the interviews conducted mentioned charcoal as a reason for deforestation, but the effects are
visible. Charcoal is the main source of heat that people cook food within the country. Additionally, there
is a significant illicit charcoal trade in Guinea-Bissau where groups will transport charcoal outside of
Guinea-Bissau to neighboring
countries (personnel conversation
with forest defender). When the
government collapsed and there
was less control over the forests
there could be an increase in
charcoal production in specific
areas of the country. Charcoal
deforestation would appear slightly
Figure 29: Cufada national park designated development areas
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larger than rosewood cuttings

because the clear cut a small area (~1 – 2ha), stack the logs into a pile and burn them. Then the piles are
buried and left to smolder, turning to charcoal. The tree type is not important for charcoal production so
they would not show up as single pixels in my patches. Since charcoal was produced in noticeable
amounts before the military coup in 2012 this trend could be more associated with one of the other
clusters that had a larger average size (clusters 0,1 or 2).
5.8 A Conservative Estimate
There are some limiting factors when identifying the locations of deforestation associated with rosewood
harvest. Since I used the Hansen dataset the deforestation was pre-determined by the Hansen et al. (2018)
team. They used algorithms and parameters designed for a global scale of identifying deforestation, which
at the country scale may have missed some of the rosewood trees that were cut. This problem is
compounded when attempting to identify smaller trees that were selectively harvested, leaving the
majority of vegetation surrounding it. Per 30m pixel that Hansen identified that pixel would have to have
a drop in a vegetation index that would cross a threshold before that pixel would be considered ‘forest
loss’. Depending on the time of year or season that the image was taken, and the size of the tree cut it may
not be enough to register a significant drop in the vegetation index. This would mean that there is an
increased error of omission in the dataset. Because large rosewoods were the most desirable, I believe that
when they were cut it would be noticeable by the algorithm, but some of the smaller trees that were
surrounded by other vegetation may have been missed in the algorithm. Even with only the larger tree
locations being identified, they will still exhibit the patterns of deforestation discussed earlier and in the
locations expected. Because of the selective nature of harvesting rosewood not all of the trees will be
detected when cut down, but there was enough trees and enough big ones that the spatial/temporal signal
that they demonstrate clearly is showed in clusters 4 and 5.

Chapter 6 – Conclusion and recommendations
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The aim of this research was to identify patterns of deforestation associated with rosewood harvest in
Guinea-Bissau, and link this to political instability. Upon completion of this project. I was able to
determine the pattern of forest loss that can be associated with cutting down rosewood trees in GuineaBissau because of the political instability in the country between 2012 and 2015. This pattern, which are
two of the clusters identified, showed the characteristics of both spatial and temporal patterns that I would
expect to see from the rosewoods being cut. Matching the temporal patterns of my clusters with the
import data of rosewood into China is extremely compelling evidence that the driving cause of these tree
being cut is the demand from the Chinese middle class. Having an R2 of .86 is a strong correlation to have
between the two datasets. Although there is some explanation for differences between the two datasets,
the signal of the rosewoods are there. This pattern of a ‘boom’ cycle in rosewood deforestation was so
severe that it has made a noticeable difference on the landscape and was distinguishable from that of other
deforestation types. Being able to compare my results with that of the official state map of which areas
were most affected was very beneficial. Rosewood does not grow evenly across the country, it is
concentrated in specific areas. Having 33 out of 39 provinces match in terms of intensity between my map
and the state map is also compelling evidence that my clusters captured the signal of where the rosewoods
were cut down. The areas that were different between the two have probable explanations as to why,
although further research and inquiry are needed to confirm this. Luckily, I still communicate with N1M
and am planning to continue researching with them in the future, so there is the opportunity to have some
clarity on these areas.
Although my working hypothesis was incorrect, grounding the unsupervised clustering algorithm
approach in field work allowed me to correctly identify a pattern associated with rosewood harvest.
Surprisingly, national parks were less vulnerable than I expected, and perhaps the forest governance
model used in Guinea-Bissau provides an example of stable institutions functioning in the context of
fragile and unstable political circumstances. Although the residents of the national park were not pleased
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with the park management, the structure and stability of the parks helped protect some of the trees inside
of the parks.
Rosewoods, being the largest traded endangered species in both value and volume in the world, are not
widely researched. The timing and location of illegal rosewood harvests in Africa is not uniform. Because
of the intense demand for this prized wood it mainly happened only within a short few years between
2009 to present. In the case of Guinea-Bissau, the military coup lead to an opening for the Chinese timber
traders to capitalize on the lack of control over the trees. This ‘Boom’ cycle of the rosewoods being cut
down was able to be distinguished from other types of deforestation in Guinea-Bissau. But the rosewoods
being exploited is not unique to Guinea-Bissau but is spread across all of Africa. This is the first attempt
to map out locations of rosewood deforestation in any country at a pixel-level scale. This approach can be
employed in other contexts, including the rest of West Africa.
One of the benefits of conducting the analysis the way I did was that it is all coded into GEE and in
python, so as to facilitate implementing the analysis in other West African countries. The rest of West
Africa has grown in its exports of rosewood to China in the same manner that Guinea-Bissau has. I plan
to continue this research and expand it to other countries in West Africa by comparing log imports of
rosewood into china and seeing if there are any corresponding clusters exhibit the same spatial and
temporal patterns.
Guinea-Bissau is no stranger to illegal activity or criminal organizations, but the vast majority of the
instability of the country is concentrated at the top of the political and military structure. The people of
Guinea-Bissau are the true victims of these crimes, they are the ones that are losing their forests and their
livelihoods and will have to suffer the consequences of the actions of a few. This coupled with the onset
of more severe climate for a people dependent on a single cash-crop does not establish a positive future
for the people living in Guinea-Bissau.
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6.1 Recommendation
The political context in Guinea-Bissau is complex, there are numerous reasons that the rosewoods were
able to be exploited. Political instability and poverty are the driving causes, but these issues are far larger
than rosewood itself. The advantage of this research is that it allows policy makers, leaders and the people
of Guinea-Bissau visually able to see where within the country the worst affected areas of the rosewood
cuttings was. But again, Guinea-Bissau is just a small example of the same process that has affected many
of the other countries in West Africa and across the tropical regions of the world. One of the great
benefits of this research is that it is coded and able to be reproduced regardless of the country. I would
recommend that this research expand to the remaining countries West Africa to see if it is viable to
capture the explosive cuttings of rosewoods across the region. This could offer a benefit to CITES to
grasp the size of this massive cuttings, and understand how the CITES bans are affecting, or pushing, the
rosewood trade throughout West Africa.
Finally, spreading the message of the inequalities and about the disenfranchised people of Guinea-Bissau
may finally lead to tangible results. I realized quickly once I was on the ground in Guinea-Bissau that
there are only a handful of people in the country that are actively trying to help the dire situation within
the country. Without the efforts of these few, all would be lost. Here I would like to end this thesis with a
quote from a village leader that I interviewed. After we finished our interview I asked his if there was
anything that he wanted to add to the interview, he said this to me:
“You have the power to know what is happening in the world. [we] don’t have any
power. God made us and put us on this planet, but we are not equal. What is appealing,
anywhere you go in the country will get help, you talk to them to help this country. If you
go back to America and you see some people who can help this region, please try and talk
to them to help here, as any kind of education. [We] don’t have forest, we don’t have any
power, we aren’t able to leave. Because if you are tired, you don’t have any power, you
don’t have any help, you will die soon. If you don’t have power, your life cannot go far
and then you never live in peace.” (Area Leader #9)
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The moratorium that reduced the rosewood cuttings in 2015 is only for five years, it ends in April 2020
and people are expecting the felling and exportation of rosewoods to begin again.
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Protocol for Mapping-Interviews
Interview Aims:
1) Explain different phenomenon we see on the landscape (different processes based on patterns
between rosewood and others)
• Identify locations of deforested Rosewood stands within Guinea-Bissau
• Identify differences in why Rosewood was harvested in some areas and not others
• Identify how Rosewood logging has affected the relationship between the people and
environment
• Identify how laws/rules/customs have affected where Rosewood is harvested
Rules for the interview
1) Confidentiality
2) Remove information upon request
3) Verbal consent
Warm-up questions
- What benefits do you get from the forest?
- What activities does your community do in the forest?
- How does your community use the rosewood tree?
Part 1. Spatial Location/Land use (All interviewees)
1. Based on the protected areas that you know, we will talk about and mark the following maps that show
deforestation to identify the sources of land use change:
-

Where and when has rosewood been harvested? Can you tell me where on the map?
Is cutting Rosewood illegal? How does cutting happen if it is not allowed?
How are laws corrupted to allow for the rosewoods to be cut down? (e.g. permits, forging
documents, bribery, conflicting documents etc)
How do people benefit from Rosewood being cut?
How does Rosewood logging affect your community’s trust in conservation laws?
What is of greater value to the local inhabitants: forest conservation, rosewood or both? Why?

2. Formalization & Land Tenure:
- What are the local land customs on who can use the land? Does cutting Rosewood break those
customs?
- What happens to the land after the Rosewood was harvested?
- Where do the Rosewood logs go after they are harvested?
- Does Rosewood get logged on private or public land more?
- Are there any conservation programs that your community participates in?
- Does Rosewood logging interfere with your ability to participate in those conservation programs?
- Does Rosewood logging disrupt your ability to gather resources from the forest?
- Where does Rosewood logging disrupt these activities?
- What is the level of risk for those that cut down the Rosewood trees?
- Where along the supply chain does risk become the greatest for those that cut down Rosewood?
Part 2. Coalitions (to NGOs, State conservation agencies, other regional groups)
Conservation coalitions take a lot of time and effort to come together. Local community groups,
park authorities, regional governments, NGOs that work on specific programs. When illegal loggers
come in, they can threaten these coalitions, and undermine these programs.
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-

When Rosewood logging happens, environmental laws are broken, do people get
penalized for cutting down Rosewood? Why or why not?
How do Rosewood loggers avoid the penalties from cutting down the Rosewood?
When an illegal logging operation undermines a conservation program, it might be with
a single action. Like a threat to a person or group. Where does that happen?
When illegal logging happens, some conservation actors might stop participating in
conservation programs. Where does that happen? Which organizations?

Part 3. Governability (to NGOs, State conservation agencies, other regional groups)
When illegal loggers take over an area, they limit the ability of conservation agencies to operate.
-

Where does illegal logging affected the ability of conservation agencies to work in or move
through certain areas?
Where do conservations organizations not work?
Who actually makes decisions in this protected area?

Part 4. Governance type and Uneven Impacts (to national level actors)
There are different types of protected areas: large parks near international borders, coasts, remote
locations. They have different types of administration: state-led, strict rules versus community-managed
conservation. Illegal loggers might have more success in some areas than others.
-
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Which types of parks are advantageous to Rosewood loggers, and where are they?

