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Abstract: Tropical forest management requires could be improved through the use of current technologies including remote
sensing and Geographic Information System (GIS). In this paper, we characterize and evaluate forest management patterns and
relate this to modern technologies such as geographical information systems and remote sensing. We further examine the
application of these modern technologies in tropical forestry and conservation. To achieve this, we carried out a comprehensive
survey of published scientific literature obtained through Web of Science, Mendeley, Researchgate and Google Scholar. We
observed that, the relationships between forestry management, modern technologies have shifted over time. These have
depended on how management activities such as planting and harvesting, interact with other drivers and disturbances (fire,
pests and diseases) to influence the adaptive capacity of forests. Forest management and new technologies are interrelated
because the technologies support management actions; hence contribute to global forest resources management and
conservation.
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forest management which takes the form of socioeconomic
and social aspects of forestry.

Forest management involves the scientific and technical
aspects of forestry including silviculture, protection, and
regulation. These aspects are further classified into edaphic,
sociopolitical, economic, demographic, biophysical, and

1. Introduction
1.1. Background

Forests play an important role in regulating the global
climate and serve as source of timber, fuel and fodder for

forest dwellers (FAO, 2014; Bazezew et al., 2015). From
complex ecosystems to monoculture plantations, forests are
in high demand around a growing array of stakeholders
including local communities, nations and multinational
organizations (Duncker et al., 2012; CIFOR, 2015). Due to
this high demand for forest resources, there is a necessity for

market variables (Michon et al., 2007; MFR, 2008; Nasi et
al., 2012). The management of forests varies in intensity
from a leave alone, natural situation to a highly intensive
regime with silvicultural interventions. With increasing
public awareness of natural resource policies, forest
management has shifted from a mere extraction of timber, to
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the conservation of biodiversity, forest resources, watershed
management, recreation and carbon sequestration (Paivinen
et al, 2010; Duncker et al., 2012). Many of these
management actions also contribute to climate change
mitigation through reducing emissions from forests,
conserving forest carbon or enhancing forest carbon sinks
(FAO, 2012). This awareness has also been facilitated by
technological and scientific tools like remote sensing, TV,
radio and GIS, all aimed at improving forest inventory and
management (Mozgeris, 2009; Weber, 2012).

An emerging school of thought posits that forest resources
and associated lands should be managed to meet the social,
economic, ecological, cultural and spiritual needs of present
and future generations. Therefore spatial data acquisition
using GIS and remote sensing technology, and the
assessment of forest resources are more than ever becoming
necessary. These are creating the possibility to build spatial
knowledge of biophysical and socioeconomic aspects of
forest resources. Extensively used in mapping resources, land
cover and land uses, it also allows the development of spatial
models useful in predicting associated impacts. These
characteristics facilitate in conceptualizing the situation and
help in translating impacts prediction results into appropriate
management plan and policy measures.

1.2. Situational Analysis

Globally, forests have suffered unprecedented destruction
due to unsustainable exploitation and management of in-situ
resources (Foahom, 2001; FAO, 2014). Poor management
systems, combined with an intensification of forest use, have
led to forest degradation and loss at a rate of about 13.5
million hectares per year (Foahom, 2001). For the people
living near forests, these play a social, cultural and economic
role. These multiple and sometimes competing interests in
forest use, leads to controversies over environmental
degradation, equity and persistent poverty. These
controversies often translate into increased deforestation,
unequal social access to resources and benefits, low land
productivity, weak labour, and environmental policies
(Karen, 2009; Celine et al., 2013).

1.3. Relevance of the Study

This study may be relevant to and assist policy makers and
decision takers in fully exploiting the potentials of remote
sensing and GIS technologies in forest management. This
will specifically provide policy-making basis for the
government while also contributing to forest conservation,
through monitoring and evaluation activities. Benefits that
could be derived from a full-scale exploitation of remote
sensing and GIS technologies include the sustainable
management of non-timber forest products. These non-timber
forest products (NTFPs) could assist in providing forest
dependent people with shelter, fuel, medicine and other
services, while providing essential habitats for plants,
animals, and safeguard against climate change (UNFCCC,
2015; WWF, 2015).

1.4. Methodology

To obtain a more up-to-date worldwide overview of
modern technologies research on forestry, including those
related to biodiversity and conservation, we conducted a
general search of online scientific literature in Google
Scholar and university catalogues. We used the keywords
GIS, remote sensing, satellite imagery, forest management,
forest conservation, silviculture, forest monitoring and
evaluation. Scientific and other online media publications for
over 25 years were selected for assessment. To make our
search more comprehensive, we also examined other search
engines such as Web of Science, Mendeley, and Researchgate
databases and searched for similar documents.

The over 3000 publications obtained were then narrowed
down to remote sensing and forestry. Here, we only
examined documents relevant to our research on remote
sensing, GIS, sustainable forest management, forest
conservation, monitoring and evaluation. A bulk of these
documents covered various other topics which were
unrelated to any of our selected categories. For instance, we
discarded publications involving research on socioeconomic
issues, biodiversity and sustainability or which had empty
links to remote sensing and GIS. Of the over 3000
publications, only about 152 publications had directly
investigated modern technologies as related to forestry. These
papers were mostly conducted in Europe, the Americas and
Southeast Asia with very limited from Africa and the small
Island states.

We then used this information to present a detailed
analysis of management patterns of forest use and how these
relate to geographical information systems and remote
sensing technologies. In addition, we examine the relevance
of these technologies in forest management and conservation.
The paper is divided into two sections with the first looking
at landuse and forest cover. Here, we explore the role of
landuse changes on forest cover dynamics. In the second
section, we look at the role of remote sensing and GIS
technologies in studying these land uses and associated forest
cover loss.

2. Landuse and Forest Cover Change

Landuse often results from the alteration of natural
vegetation for different purposes such as logging, housing,
agriculture and other forest related activities (Foley et al.,
2005; Woodroffe and Sillero-Zubiri, 2012; Mukete et al.,
2016). These changes result to a reduction in the availability
of energy, water and nutrients to ecosystems and are far
greater than ever in history (Geist and Lambin, 2002; Ellis,
2013; Mukete and Sun, 2014).

Indigenous peoples living at low population densities in
tropical forests, practice sustainable shifting cultivation
compatible with conservation. However, shifting cultivation
at increasing population densities is a main driver of tropical
forest cover changes (Brown, 2006; Anders, 2007). As many
indigenous peoples in tropical forests currently experience
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rapid demographic growth, this raises the question to what
extent their activities actually contribute to forest cover
changes. Whereas these changes may seem negligible in
terms of forest cover loss, they do cause hardships to the
local people. This is due to increasing walking distance to
old-growth forests, problems with weeds, pests and
decreasing soil productivity when farming after re-clearing
fallows (Anders, 2007; Asselen and Verburg, 2013).

Inventory and monitoring of landuse and landcover
changes, are indispensable aspects for further understanding
of change mechanisms. This is also important in modeling
the impact of change on the environment and associated
ecosystems at different scales. Thus, assessing the driving
forces behind landuse is necessary, if past patterns are to be
explained and used in forecasting future patterns (Turner et
al., 1990; Diallo et al., 2009). These driving forces often
include local culture (food preferences), economics (demand
for specific products), environmental conditions (soil
quality), land policy, and development programs (agricultural
initiatives). Included in these driving forces are feedbacks
between these factors such as past human activity on the land
that existed in the form of maybe irrigation and roads
(Oyekale et al., 2009; Ellis, 2013). Therefore, neither poverty
nor population solely constitutes the major underlying cause
of landcover changes (Lambin et al., 2001; Leemans et al.,
2003). These landcover changes are rather related to human
responses to economic opportunities as mediated by
institutional factors and macroeconomic shocks. This is by
creating opportunities and constraints for new land uses
through local and national markets and policies. Hence,
global forces are the primary cause of landuse and landcover
changes, as they amplify or buffer local factors (Lambin et
al., 2003, Geovana et al., 2015).

While landcover may be observed directly in the field or
by remote sensing, observations of its changes generally
require the integration of natural and social scientific
methods. This aids in determining which human activities are
occurring in different parts of the landscape, even when
landcover appears to be the same (Angelsen and Kaimowitz,
2001, Lambin et al., 2003). Also, the distribution of natural
landcover types is related to the heterogeneity of
environmental conditions such as temperature and moisture.
The actual distribution is however, only occasionally a result
of physical limitations and it is mainly due to competition
between individual plants or between ecosystems as a whole.
This is also due to anthropogenic alteration of land which
disrupts the structure and functioning of ecosystems.
Agriculture, forestry, and other land-management practices
have modified entire landscapes and altered plant and animal
communities of many ecosystems throughout the world. The
most spatially and economically important human uses of
land globally include cultivation in various forms, livestock
grazing, settlement and construction, reserves and protected
lands, and timber extraction (Turner et al., 1994; Verburg,
2000).

3. Remote Sensing, GIS and Tropical
Forest Management

Since 1972 when the first Landsat programme was
launched, satellite data have been used in forest monitoring,
evaluation and resources conservation. Satellite and remote
sensing images combined with forest classification maps, aid
in the efficient management of forest resources (Basuki et al.,
2009). Studies by Angelsen and Kaimowitz, (2001) and
Lambin et al., (2003) observed that Landsat data aids in
determining which human activities are occurring in different
parts of the landscape, even when landcover appears to be the
same. Therefore scientific knowledge of landuse and
landcover change is fundamental to improving our
understanding of change mechanism. It is also necessary in
modeling the impact of change on the environment and
associated ecosystems. New and standardized continent-
spanning field networks are addressing many ecological
issues, from forest succession to vegetation-atmosphere
interactions (Saatchi et al., 2011; Mayes et al., 2015). New
tools are also providing decision support for forest
management, land resources utilization and ecological
restoration (Pan et al., 2013).

According to Saatchi et al, (2011) and Mayes et al.,
(2015), assessing, monitoring and evaluating landcover
changes, requires two most obvious variables for correlation
(previous and actual size) and which can be determined by
remote sensing, GIS and field work. For instance, using
satellite, microwave observations of rainfall and canopy
backscatter Saatchi et al., (2013), found that more than 70
million hectares (ha) of forest in western Amazonia
experienced a strong water deficit during the dry season of
2005 and a closely corresponding decline in canopy structure
and moisture. Remarkably and despite the gradual recovery
in total rainfall in subsequent years, the decrease in canopy
backscatter persisted until the next major drought, in 2010.
Using Landsat data, Vitousek et al., (1997) noted that three of
the well-documented global changes are increasing
concentrations of carbon dioxide in the atmosphere,
alterations in the biochemistry of the global nitrogen cycle,
and on-going landuse and landcover change. The study
observed that, globally humans have transformed significant
portions of global land surface with 10-15% presently
dominated by agriculture or urban-industrial areas and 6-8%,
by pasture. Additionally, Achard et al., (2002) using remote
sensing data, observed a rate of decline of humid tropical
forest of 4.9 million ha per year. In a separate study, Selcuk,
(2008) found that landuse and landcover change (LULC)
changes mostly occurred in Turkish coastal areas and in areas
having low slope values.

Based on the analysis of remote sensing imagery and
interviews with farmers Temudo and Silva, (2011) found that
shifting cultivation in Africa is complex. They observed that
change occurred in many directions and at different but
simultaneous rates. Therefore, tropical deforestation is best
explained by multiple causes and driving forces rather than
by single-factor causation. Their study further revealed the
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advantage of combining remote sensing with ethno-
agronomic data in the study of landuse and landcover
changes. In another study using satellite images, JunJie and
Li, (2013) showed that many socioeconomic phenomena
such as urban sprawl; suburbanization, urban redevelopment,
and economic segregation are closely related to forest cover
changes. Similarly, Diallo et al., (2009) used remote sensing
to highlight the importance of digital change detection in
apprehending the environmental situation in the forested
southern part of Yunnan Province, China. The study observed
severe landcover changes to have occurred in croplands
(+24.90%), forest or shrub land (-18.77%) and building
(+16.72%) areas. Thus the unused area constituted the most
extensive type of landuse and landcover in the period under
consideration. Using remote Landsat MSS and Spot XS,
Meertens and Lambin (2000) observed that modeling land
cover trajectories over several years, offered a better account
of landcover change patterns than when just single
observations are performed.

More research efforts have attempted to integrate remote-
sensing observations and field surveys at finer levels of
aggregation such as at the scale of individuals, households or
villages. Meli and Meli, 2015, used remotely sensed Landsat
images to assess forest cover changes around the Santchou
Wildlife Reserve of west Cameroon. The study observed that
a combined regrowth of degraded lowland forest and
abandoned farmlands is possible if factors that eliminated
this secondary plant succession process are curtailed. Using a
remote sensing approach with high resolution Rapid Eye
satellite images, Willkomm et al., (2016) investigated general
landuse and landcover structures and changes between 2010
and 2015 around Mt. Kenya region. The study observed that
it is possible to detect main landcover classes and
characterize the spatial and spectral mixture of different areas
through remote sensing technology.

By comparing landcover disturbances as measured by
remote sensing and landuse changes in Venezuela, Behrens et
al., (1994) observed that they gained great insight into the
processes leading to tropical deforestation and changes in
landscape complexity. Similarly, Entwisle et al., (1998)
attempted to link population dynamics as derived from field
surveys to landuse and landcover change data in Thailand.
Aggregated to the village-level, the household data offered an
additional perspective to the remotely sensed landcover
dynamics. The village profiles provided a crosscheck on the
dynamics observed by remote sensing, and can be related to
remotely sensed landscape variables (Entwisle et al., 1998).

Using a transdisciplinary framework that synthesized
remote sensing and GIS analysis of landcover change, focus
group dialogues and surveys, Pope et al., (2015) analyzed
cloud forests in the Central Highlands of Guatemala. The
study, found that expansion of subsistence agriculture is a
key proximate cause of cloud forest removal, followed by
extraction of fuelwood and larger-scale logging operations.
Moran and Brondizio, (1998) investigated the linkages
between remotely sensed data and traditional field methods
in the social and biological sciences. The findings led them to

new research issues including examination of the role of the
developmental cycle of the household in shaping the landuse
and deforestation trajectory. In Madgascar, Sussman et al.,
(1994) assessed how satellite imagery and ethnographic
methods can contribute to an understanding of deforestation.
The study highlighted the need for in-depth research on
current patterns of landuse and existing resources to develop
an integrated long-term conservation-oriented plan. In
Nigeria, Guyer and Lambin (1993) combined household and
remote sensing data to assess the level of intensification of
farming systems. The study explored the relative role of two
major drivers of landuse change which included population
pressure and urban market expansion.

Globally, application of spatial data for forest resources
management and planning has been recognized. Here, the
spatial data will be less useful if they are not transformable
into information, which can be systematically interpreted.
Hence, there is a requirement to transfer and keep spatial data
related to forestry in a standard computer format preferably
in a GIS environment (Hamzah, 2001). A GIS is an
integrated resource data base system that has the capability to
store, edit and process digital data; and that supports
development planning and policy analysis.

According to Dahdou-Guebas (2005a), the use of GIS in
socioeconomic studies especially in human geography has
become very important. Relatedly, Hamzah (2001), also
observed that GIS has gained a lot of credence in forest
resources management. Hence, alongside remote sensing,
GIS has turned into an indispensable scientific technology for
local, regional as well as global landuse and landcover
change studies (Saatchi et al., 2011; Mayes et al., 2015).
Within the past decades, GIS has often been used in
combination with remote sensing especially in studies on
ecological models, agricultural intensification, pests and
diseases, forest fires and droughts monitoring as well as
wetlands and forest conservation (Saatchi et al., 2013). As
the size and physical terrain of forests make it difficult to
survey, global positioning system (GPS) makes it easier,
faster and more accurate to create land surveys. Globally,
GIS is primordial in tropical forestry research, data analysis
and presentation especially for cross-cutting subject areas
(Turner et al., 2001). Thus, it is useful in the provision and
continuous monitoring of forest evolution because of its
capacity to detect changes and incorporate the results into an
available database for reference and future use purposes.

4. Conclusion

In this study, we have analyzed forest management
patterns and explored the necessity for incorporating
geographical information systems and remote sensing
technologies in tropical forest resources management and
conservation. GIS and remote sensing support management
actions and by so doing contribute to global forest resources
management and conservation. Appropriate forests resources
monitoring, evaluation and management can only be
achieved when an excellent information system and database
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are put in place or established by a country. Therefore, the
effective application of remote sensing and GIS technology
in tropical forestry will go a long way to accurately assess
and analyze landuse changes. It will also identify areas of
deforestation, forest conversion, and degradation while
identifying its direct and indirect causes (primary
mechanisms and driving factors behind forest change). GIS
and remote sensing applications are not only financially
engaging to poor countries, they are also still under-exploited
in landuse, landcover change, forest resources, and natural
resources management.
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