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Land use and land cover change is the 
major driver of biodiversity loss in 
terrestrial ecosystems worldwide, making 
the management and governance of land 
systems a key parameter in conserving and 
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between biodiversity and land systems 
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perspectives.
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Nearly 30 years ago, the term biodiversity became 
widely used after a publication by Edward O. Wilson 
in 1988 and was formally defined by the Convention 
on Biological Diversity enacted 1992 in Rio de 
Janeiro, Brazil. Despite many efforts performed 
since then by international organizations, 
governments, civil society and the private sector 
to conserve biodiversity and manage it sustainably, 
the remaining challenges are huge. The process of 
massive and acute modification of the Earth system 
started at the Industrial Revolution in the 18th 
Century is still under way. Human activities have 
particularly intensified since the last 50 years, as 
population and consumption standards continue 
to grow. These activities include urbanization and 
conversion of natural ecosystems into agricultural 
areas, pasture and industrial crops to supply human 
needs for food, fuel and fiber, leading to habitat 
destruction for many species (Haines-Young, 
2009; Mantyka-Pringle, 2015). It is estimated that 
biodiversity loss is currently happening at a rate that 
ranges between 1000 and 10,000 times higher than 
the natural extinction rate (Benn, 2010; De Vos et al. 
2014, Mantyka-Pringle, 2015) and is already beyond 
the safe limits (Rockstrom 2009). Consequences are 
serious as biodiversity is strongly linked to benefits 
associated to ecosystems and human wellbeing 
(ecosystem services) including preservation of 
water resources, provision of pollinators for crops, 
pest control, discovery of new medicines, timber, 
soil conservation, recycling of nutrients, and climate 
regulation (Cardinale et.al. 2012).

To address these urgent issues, biodiversity 
conservation and management has gradually 
switched from a disciplinary approach centered on 
the conservation of single species, to more systemic 
and interdisciplinary approaches that address 
biodiversity as part of complex social-ecological 
systems. In this framework, land use and land cover-
change (LULCC) has been identified as the major 
driver of biodiversity loss in terrestrial ecosystems 
worldwide (Nagendra et al. 2013), making the 
management and governance of land systems a key 
parameter in conserving and sustaining biodiversity. 
More holistic and integrative approaches to the 
conservation and management of biodiversity 
are reflected in recent international normative 
frameworks, such as the Sustainable Development 
Goals launched this year by the United Nations, which 
set up ambitious goals in terms of the achievement 
of sustainable development at global scale. The 
goal number 15 which aims to “Protect, restore and 
promote sustainable use of terrestrial ecosystems, 
sustainably manage forests, combat desertification, 

EDITORIAL

and halt and reverse land degradation and halt 
biodiversity loss” (ICSU, ISSC, 2015) is of particular 
interest to address the relationships between 
biodiversity and land systems. Another entry point 
to protect biodiversity is the soil conservation and 
management agenda, with 2015 declared the 
International Year of Soils, and the observation 
that about 25% of the world´s arable land is 
degraded affecting food security and ecosystem 
functioning (Ahukaemere et.al. 2012). In this 
issue, we present original contributions of the GLP 
community dealing with the relations between 
biodiversity and land systems from very diverse 
thematic and regional perspectives. Biodiversity 
hotspots are natural environments that are 
crucial for conservation purposes as they host 
high levels of endemism and have been reduced 
to at least 60% of their original area. Thirty-five 
biodiversity hotspots have been identified to date, 
representing 2,3 % of the land surface (Marchese, 
2015). In this magazine four studies were 
conducted in such areas, the Atlantic rainforest, 
the Afromontane and Coastal forests of Eastern 
Africa, Madagascar, and Western Australia. R. Viani 
and colleagues show their findings related to the 
restoration of a remnant of the Atlantic rainforest 
in southeastern Brazil. C. Capitani and colleagues 
stress on the effects of land use and climate 
change in the forests of Kenya and Tanzania. 
J. C. Llopis, C. J. Gardner and X. Vincke focus on 
the problems regarding land-cover change in the 
spiny forests of Madagascar. Finally, H. Lambers 
discusses the threats a megadiverse region - 
Southwest Australia - is facing.

Several additional studies address the drivers 
of land cover change and their implications 
for biodiversity. P. Fearnside writes about the 
expansion of soybean production in the Amazon 
rainforest and its relationship with deforestation. 
The interaction between humans and ecosystems 
in the Amboseli region, Kenya is discussed by C. 
J. C. Mustaphi, A. C. Shoemaker and R. Marchant. 
A. Ovando, G. Tejada and J. Tomasella show 
the effects of land cover change on hydrology 
of the Bolivian Amazon lowlands. The effects 
of agriculture abandonment and fire on forest 
succession in Kaluzhskie Zaseki State Nature 
Reserve, Russia is shown by M. Bobrovsky and L. 
Khanina. Land change affecting ecosystems and 
water resources was assessed by J. Helmschrot 
and colleagues.

Other studies focus on specific demands for 
natural resources, including biodiversity, which 

Biodiversity and Land Systems
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are increasing across the planet. The paper by H. 
Dao and D. Friot shows the ecological footprint 
of Switzerland in relation with global planetary 
boundaries. S. Mishra discusses land cover change 
and its relationship with market trends and 
biodiversity. In the highlands of Argentina, Bolivia 
and Chile, A. Izquierdo and colleagues discuss the 
major threat increasing mining activities poses 
for these biodiverse and fragile regions. Other 
papers highlight monitoring and governance 
solutions to address these challenges. These 
include the use of remote sensing as a technique 
for monitoring ecosystems and floods in Southern 
Africa, presented by M. Mück  and colleagues. A. 
Augustyn and colleagues show why territorial 
approaches are important for conservation in rural 
Europe. Mapping of mangroves across the world 
is presented by A. Ximenes as an important tool 
for conservation purposes. Finally X. Hua and J. 
Yan also warn us about overprotection of species, 
such as wild boars in China, which is surprisingly 
threatening wildlife and livelihoods. 

This newsletter marks a major organizational 
transition, since the hosting of GLP International 
Project Office by the National Institute for Space 
Research (INPE) in São José dos Campos, Brazil, 
will conclude this December. During its INPE 
period lasting from 2012 to 2015, GLP  endorsed 
and coordinated 18 research projects, published 
several synthesis works, was involved in organizing 
the 2nd Open Science Meeting in Berlin in March 
2014, made the transition from IGBP/IHDP to 
Future Earth - and created new nodal offices. 
During this time, GLP has also strengthened its 
network in the Latin American region and will 
conclude this cycle with a workshop on land system 
science in Latin America which will take place this 
November. Therefore, GLP is thankful to INPE and 
the Brazilian Ministry of Science and Technology - 
and innovation for having successfully hosted the 
IPO during these four years.

Next year will open up new developments 

Dr. Fabiano Micheletto Scarpa
Project Officer of the IGBP/Future Earth 
Global Land Project (GLP)

Dr. Sébastien Boillat
Executive Officer of the IGBP/ Future Earth 
Global Land Project (GLP)
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A new focus for ecological 
restoration: management of 
degraded forest remnants in 
fragmented landscapes

Abstract 

Ecosystem restoration is a global priority. 
Large-scale restoration programs have been 
recently launched with ambitious goals for 
forest restoration in fragmented tropical 
regions. Although cleared sites are being 
reforested in these regions, degraded forest 
remnants are often neglected regarding 
their restoration. We discuss why degraded 
forest remnants should be incorporated in 
the agenda of tropical forest restoration 
programs in currently fragmented regions, and 
the main challenges to make that an effective 
restoration strategy. Despite lower biodiversity 
and biomass, degraded forests are important 
for biodiversity conservation and human 
wellbeing in fragmented landscapes. Besides, 
the long-term sustainability of restoration sites 
embedded in fragmented landscapes depends 
on these forest fragments as biodiversity 
sources. Advances are necessary to consolidate 
the practice of restoring degraded forests. 
Lianas cutting, enrichment plantings and other 
restorations techniques need to be validated 
and policies to incentive restoration of those 
degraded forest need to be discussed with 
stakeholders involved in restoration.

1 Departamento de Biotecnologia e Produção Vegetal e Animal, Universidade Federal de São Carlos, Araras, SP, Brazil. 
2 Departamento de Ciências Florestais, ESALQ - Universidade de São Paulo, Piracicaba, SP, Brazil
Corresponding author: viani@cca.ufscar.br

Ricardo Augusto Gorne  Viani1 | Felipe Nery Arantes Mello2 | Isaí Euán Chi1 
Pedro Henrique Santin  Brancalion2

While reducing emissions from deforestation 
and forest degradation (REDD) initiatives are 
more common in less fragmented landscapes, in 
older human-modified tropical landscapes, forest 
restoration programs are focused on recovering 
forests where they were cleared and substituted 
by other land uses. Meanwhile, restoration of 
several small and degraded forest remnants 
in those landscapes have been neglected 
(Brancalion et al. 2012). Thus, our objective is to 
discuss 1) why degraded forest remnants should 
be incorporated in the agenda of tropical forest 
restoration programs, and 2) the main challenges 
to make restoration of degraded forest remnants 
an effective strategy to reinforce biodiversity 
conservation and ecosystem services provisioning 
in fragmented regions of the tropics.

Why should we be concerned 
about restoring forest remnants in 
fragmented landscapes? 

Forest fragmentation (forest areas are cut 
down in previously continuous forest habitats 
leaving small patches) have converted many 
tropical regions in landscapes with small and 
isolated forest fragments (Haddad et al. 2015). 
Following fragmentation, many tropical forests 
have faced degradation by selective logging, fire, 
grazing and/or other disturbances (Hosonuma 
et al. 2012). Both forest fragmentation and 
degradation affect species composition and 
ecosystem services provisioning in the remaining 
forest patches (Aguirre and Dirzo 2008; Pütz 
et al. 2011; Ferraz et al. 2014; Pütz et al. 2014). 
Remarkably, degraded tropical forest fragments 
experience an increase in abundance and biomass 
of some specific plant groups, such as bamboos 
(Lima et al. 2012) or, more commonly, climbers 
(Schnitzer and Bongers 2011). Climbers strongly 
compete with trees by water, nutrients and light, 
thus affecting trees physiological performance, 
growth, fecundity and survival (Schnitzer et al. 
2005). As a result, degraded forest remnants 
have a strong reduction in tree species richness 
(Schnitzer and Carson 2010) and carbon stocks 
(Duran and Gianoli 2013). Consequently, degraded 
forests have constrains for provision of ecosystem 
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Introduction

Ecological restoration is the process of assisting 
the recovery of an ecosystem that has been 
degraded, damaged, or destroyed (SER 
International Science & Policy Working Group 
2004). Ecosystem restoration is now a global 
priority to reverse biodiversity loss, provide 
ecosystem services and strive to long-term 
sustainability of our human-dominated planet 
(Bullock et al. 2011; Aronson and Alexander 2013). 
Many large-scale restoration programs have been 
launched in the last years with ambitious goals 
(Pinto et al. 2014, Suding 2015). Until 2020, the 
Bonn Challenge aims to restore 150 million 
hectares around the globe while one of the Aichi 
Biodiversity Targets objectives is to recover at 
least 15% of degraded ecosystems globally. 
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services and landscape biodiversity conservation. 
Besides, depending on perturbation frequency, 
intensity and duration, these forest fragments 
may remain in a steady state of degradation, 
unless restoration actions are implemented.

Despite all the negative effects of fragmentation 
and degradation, remaining forest patches 
are important landscape biodiversity refugees 
(Arroyo-Rodríguez et al. 2009; Tabarelli 2010; 
Joly et al. 2014) and, if properly managed, good 
sources of propagules for surrounding areas 
(Viani and Rodrigues 2009). Even though they 
were historically degraded and exposed to edge 
effects, their biodiversity levels and resilience 
are much greater than that of areas where forest 
were completely cleared – currently, the focus of 
many forest restoration programs in fragmented 
landscapes. In such restoration sites, recovery of 
forest is frequently based on high-density native 
tree seedlings plantations (Rodrigues et al. 2011), 
which is expensive and sometimes uncertain in 
its success in recovering biodiversity (Maron et al. 
2012). Thus, restoring degraded forest fragments 
could be in some cases more cost-effective 
for biodiversity conservation and ecosystem 
services provisioning at the landscape level than 

Figure 1: The Vassununga Project in the Vassununga State Park, Santa Rita do Passa Quatro, SP, Southeastern Brazil:  edge of a degraded 
forest fragment dominated by climbing plants (A); a whole tree covered by lianas (B); lianas dried some months after cutting (C-D); and a 
native tree seedling growing in the enrichment planting experiment (E).

establishing forests in cleared sites where they no 
longer exist. 

Even assuming that recovering forests in cleared 
areas is the focus of forest restoration programs, 
ecological restoration depends on the integration 
of the site under restoration into a larger ecological 
landscape, which interacts with it through abiotic 
and biotic flows and exchanges (SER International 
Science & Policy Working Group 2004). Natural 
regeneration is the main process for long-term 
sustainability of restored sites and is ultimately 
dependent on the presence of seeds and seed-
disperses in surrounding forest fragments. If 
forest fragments are severely degraded and 
cannot provide shelter to seed-disperses nor 
have tree species seeds available in quantity and 
diversity, chances of forest restoration success in 
cleared sites are strongly reduced.

How to restore degraded forest 
fragments?

Techniques to restore a degraded forest fragment 
depend on its degradation level. In some cases, 
isolation from surrounding perturbations is 

A
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enough to forest self-recovering (Brancalion et al. 
2012). However, in severely degraded landscapes, 
active restoration techniques are often needed.   

The main technique to restore degraded 
fragments is the management of life forms that 
become hyperabundant, such as climbers (Rozza 
et al. 2007; Sfair et al. 2015). When climbers 
reach high densities and biomass, they cover 
whole trees and the forest canopy, reducing light 
availability for tree regeneration (Schnitzer et al. 
2005). Operational field procedures consist in 
cutting the base of climbers, disconnecting them 
from the soil. Some months later, climbers dry 
up and fall down (Fig. 1). This process  helps the 
reestablishment of tree canopy cover. Although 
it seems simple, climbers frequently resprout and 
grow fast again after cutting, which suggest that 
periodical cutting may be needed. In addition, 
despite being hyperabundant in degraded 
remnants, climbers are usually native species and 
an important life form for tropical ecosystems 
(Gentry and Dodson 1987). Thus, there is a debate 
on managing all or only the most abundant 
climbing plants (Sfair et al. 2015). 

Even when periodically performed, climbers 
cutting may be not enough if the potential of 
natural regeneration in the forest fragment is 
severely impacted. In that occasions, restoration 
techniques to stimulate natural regeneration 
and forest succession, such as assisted natural 
regeneration, enrichment plantings and soil 
revolving to expose the soil tree seed bank to 
light, have been proposed to reestablish canopy 
cover (Rozza et al. 2007). In the assisted natural 
regeneration, control of invasive grasses and 
fertilization are performed around tree seedlings. 
In enrichment plantings, native tree seedlings 
are planted in the forest understory or in the 
gaps created by climbers cutting. Despite several 
studies have already been performed, results 
from experimental tests are not conclusive and 
not always successful, thus several challenges 
regarding their effectiveness, costs and 
operational feasibility remain.

The Vassununga project: a case study 
in the Atlantic Forest

To address the lack of large-scale projects aiming 
to validate the practice of restoring degraded 
tropical forest fragments, we established, in 
2013, the Vassununga Project. It is a 10.6 ha 
long-term project established with the objective 
of investigating costs, operational feasibility and 
overall effectiveness of liana cutting, assisted 
natural regeneration and enrichment plantings 
as restoration techniques for degraded forest 
fragments. Vassununga project is located at 
Vassununga State Park (VSP, 21°42-43’S and 
47°34’-38’W), a protected area in Southeastern 
Brazil that experienced a strong fire event in the 
1970’s and is in a steady state of degradation, 
with high abundance of climbers (Fig. 1). The 

study sites are within the Atlantic Forest biome. 
Atlantic Forest is a global biodiversity hotspot 
(Myers et al. 2000) with less than 16% of its 
original cover remaining in scattered distributed 
small and degraded forest remnants (Ribeiro 
et al. 2009). The project has the involvement of 
several stakeholders: 1) a private company that is 
compensating the impacts caused by a licensed 
construction; 2) environmental bodies that 
authorized this compensation with restoration 
techniques in VSP degraded forest remnants; 
3) the public institution which takes care of the 
VSP; 4) a company implementing the restoration 
actions and; 5) researchers from Federal University 
of São Carlos and University of São Paulo, who are 
testing restoration techniques. 

We established 54 plots of 45x44 m. Data 
collection has just been started and robust 
results will be generated in the following years. 
Early inventories estimated 13.7 climbers for 
each tree above 1 m height, a high relation 
compared to well-conserved forest (Gentry and 
Dodson 1987) that indicates that the study sites 
are severely degraded. In addition, we found that 
most of the climbers have small stem diameters 
(≤ 1.5cm), which is different from the ticker lianas 
typically found in less degraded forest landscapes 
(Laurance et al. 2001, Rice et al. 2004).

Next steps and final remarks

In fragmented landscapes, restoring forests in 
cleared areas is crucial to increase forest cover and 
provide some water-related ecosystem services 
when restoration sites are located in riparian 
buffers, for example. However, we clearly stated 
reasons for including restoration of degraded 
forest in the agenda of restoration programs 
in those landscapes: they are important for 
biodiversity conservation and ecosystem services 
provisioning at the landscape level. Besides, the 
long-term sustainability of other restoration areas 
strongly depend on these forest fragments as 
biodiversity sources. Nevertheless, advances are 
necessary to consolidate the practice of degraded 
forest restoration. Firstly, it is necessary to 
validate the main techniques to restore degraded 
forest remnants, with better investigation of 
their costs, operational procedures and overall 
efficiency. For that, large-scale restoration 
projects should be implemented in many tropical 
regions. Once these techniques are validated, the 
next step is to convince environmental bodies 
that in some conditions investing in managing 
degraded forest remnants may be more cost-
effective than traditional recommendations of 
native tree plantings in cleared areas. Finally, it is 
necessary to discuss these strategies with other 
restoration stakeholders, aiming to develop 
policies to foster degraded forest restoration in 
fragmented landscapes. It is a long way to go, but 
ecological restoration is now a global priority and 
it is an opportune time to include new approaches 
in its science and practice.
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Abstract

Climate change and land-use-land-cover 
change (LULCC) are expected to have major 
impacts on global biodiversity. In highly diverse 
tropical moist forests, future biodiversity 
trajectories will also depend on political 
and societal will to undertake the changes 
needed to reduce those impacts. We present 
a framework to build participatory spatially-
explicit scenarios that can be used to analyse 
the biodiversity-climate-land-change trade-
offs, and we applied at different scales in East 
Africa. In Tanzania, under the business-as-
usual pattern of economic growth, the Eastern 
Arc Mountains forests and biodiversity will be 
heavily impacted on, with increasing pressure 
on protected areas. Increasing variability of 
rainfall and temperature are likely to impact 
on where the LCLCC are going to be, with 
the mountains likely to be refuges that are 
even more important for local communities. 
That may intensify impacts on biodiversity. 
In Taita Hills (Kenya) and Jimma Highlands 
(Ethiopia), stakeholders expected that 
adaptation interventions to climate change 
would generally improve biodiversity state. 
Preliminary data on birds community diversity 
in Taita Hills showed that though agroforestry 
system supports higher diversity than natural 
forest, species richness of rarer forest 
specialists remained highest within natural 
forests. 

Anticipating future conservation and 
agriculture interaction under climate change 
may contribute to set spatial priorities for 
intervention sites. Further investigations are 
required that could benefit from integrating 
local stakeholders’ perceptions and visions for 
the future.

Introduction

Land use and land cover changes (LULCC) have 
impacted natural systems over the last centuries: 
in conjunction with climate change, major impacts 
on global biodiversity are expected. The effects 
may be further altered by complex climate-land-
cover feedbacks, which remain poorly understood 
(Mantyka-Pringle et al 2015). Assessing the 
impacts of LULCC dynamics and climate change, 
and their synergistic interaction, is especially 
needed for tropical moist forests, since they host 
most of the global biodiversity (Lambin et al. 
2011, Brodie et al. 2012, Laurence et al. 2014). 

Many tropical countries have low-to-middle 
income economies and overexploitation of 
natural resources is occurring either to meet basic 
needs for the rapidly growing and developing 
populations, or to supply commodities for foreign 
markets. The development of policies supporting 
win-win outcomes with economic incentives to 
sustainable forest management and biodiversity 
conservation have raised expectation that tropical 
forests can support biodiversity conservation 
and enhance livelihoods of those communities 
that rely on forest resources. These incentives 
include mechanisms for payment for ecosystem 
services (PES) as well as for climate change 
mitigation (e.g.: Clean Development Mechanism 
and Reduced Emissions from Deforestation and 
Degradation (REDD+) expected to support large-
scale carbon emission reductions and to promote 
multiple benefits, including biodiversity protection 
and economic payment. However, since pilot 
phases have started, significant trade-offs have 
emerged between carbon emission reduction and 
biodiversity (and livelihood) safeguards. Setting 
appropriate spatial priorities is one of the critical 
elements to maximize efficiency and opportunities 
for REDD+ (Carwardine et al. 2015) and, more 
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broadly, for policies on land use and climate change 
in relation to biodiversity.

Biodiversity future trajectories in tropical 
regions will also depend on societal willingness 
and capacity, at different levels, to undertake 
the changes needed to reduce the impacts 
of climate change and LULCC, either directly 
(conservation) or indirectly (land management, 
climate change mitigation, conservation 
agriculture, etc). Yet, establishing alternative 
sustainable pathways first requires assessing 
and resolving competition amongst different 
societal needs and resource demands. 

Hence, the importance of developing approaches 
to analyse the biodiversity-climate-land-change 
nexus that: 1) investigate societal perceptions 
and possible reactions to environmental changes 
across scales, 2) directly involve local actors in 
developing future visions, to enhance a sense of 
ownership that builds capacity to actively engage 
in implementation, and 3) produces appropriate 
quantitative and spatially-explicit outputs that 
can inform decision-making processes. 

We developed a framework for integrating 
stakeholders’ participation through qualitative, 
quantitative and spatial analyses to develop 
scenarios of future LULCC, under different 
policies or environmental (climate) conditions. 
We present how scenario outputs can be used 
to anticipate policies trade-offs (e.g.: between 
land uses and biodiversity), as well as to assess 
possible future interactions between LULCC, 
climate change and biodiversity.

Methods

The scenarios building framework follows a mixed 
approach whereby a modellers’ team including 
experts in different disciplines set up general 
frames and then local stakeholders fill them with 
qualitative and semi-quantitative information. 
The modellers then translate this information into 
quantitative and spatially-explicit outputs. The 
final outputs are created following subsequent 
stakeholders’ validation of preliminary results.  

Stakeholders are selected among local and 
regional governments, civil society organisations, 
research institutions, and private sectors 
(farmers, pastoralist, and business people). During 
workshops, participants are engaged in focus 
group discussions on trade-offs between socio-
economic conditions (i.e. income, production) and 
environmental condition (i.e. land use and cover 
changes, resources depletion) in the regional 
context. Starting from the situation at present, 
they develop sectorial narratives and trajectories 
for alternative future projections, and translate 

the identified trajectories and driving forces into 
specific LULCC (Fig. 1a). For each LULCC type, they 
provide standardised information on “how much”, 
“why” and “where” they would occur under the 
future scenarios (Fig. 1a). This information is then 
used by the modellers to identify spatial indicators 
of LULCC and to create specific composite 
indicators of LULCC risk for each vegetation type. 
Demand for main commodities (e.g.: food crops 
and wood for energy) is estimated according to 
population growth by the scenario time horizon 
and converted into land surfaces. Scenario maps 
are finally created using the spatial indicators of 
risk to allocate spatial changes that are required 
to fulfill the estimated demand. 

Case studies

We applied this framework at sub-national and 
national level in Tanzania mainland within the 
framework of a REDD+ pilot projecta, and at local 
level in the Taita Hills (Kenya) and the Jimma 
Highlands (Ethiopia), in a project focusing on 
impacts of climate change on food security and 
ecosystem services in mountain ecosystems in 
East Africa (CHIESAb). The study areas include the 
biodiversity hotspots of Eastern Afromontane and 
Coastal forests of Eastern Africa.

We proposed two simple, but significantly 
different, alternative scenarios and we let 
stakeholders develop locally oriented narratives 
for possible future trajectories of LULCC and/or 
climate changes. In the first case study, we explored 
pathways towards sustainable development, with 
a focus on halting deforestation and degradation 
through REDD+ implementations, as opposed to 
a business-as-usual scenario (BAU). In the second 
case study, we presented stakeholders climate 
projection for mean temperature and rainfall 
patterns for the local sitesc, and we explored two 
alternative scenarios: either adaptation strategies 
to climate changes were put in place or not (BAU). 

Results

In Tanzania, under BAU, the economy is expected 
to grow at the expense of the environment, since 
dependency on biomass and farmland expansion 
continue in the absence of land use planning and 
technological improvement. In the Eastern Arc 
Mountains (EAMs), this would result in an 8% 
loss of montane forest and 26% of woodland 
due to farmland expansion. Additionally, 30% of 
woodland would be degraded as consequence of 
timber harvesting and charcoal production (Fig. 
1b and c). According to our scenario, protected 
areas are essential for limiting the strong pressure 
for LULCC in EAM forests. Climate projections 

a http://d2ouvy59p0dg6k.cloudfront.net/downloads/wwf___redd__final_project_report___10th_april_2015_1.pdf
b http://chiesa.icipe.org/
c Projection obtained using AFRICLIM v3.0, RCP4.5 and RCP8.5 representative concentration pathways for mid-century (mean 
over 2041-20700, Platts et al. 2015).
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suggest increasing variability of rainfall and 
temperature across Tanzania, affecting patterns 
of precipitation seasonality differently between 
the southern and northern segments of EAMs 
(Fig. 1d). Changing climatic conditions could 
produce changes in crop suitability pattern over 
the country, and therefore migration of farmers, 
following both land rights (village Council can 
permit land lease, Gvt. of Tanzania Village Land 
Act 1999), and land tenure insecurity (USAID 
2011). In the EAMs, if suitability increased on 
the mountains compared to the lowlands, then 
pressure for further encroachment into highly 
diverse montane forest could increase. 

In Taita Hills, participating stakeholders 
envisaged that climate change effects, 
and particularly increased variability and 
unpredictability of rainfall patterns, would 
affect local livelihoods. Stakeholders envisaged 
decreased biodiversity under the “no adaptation” 
scenario and improvement of biodiversity state 
if adaption strategies were put in place. In fact, 
preferred adaptation strategies are mainly 
related to improving water catchment and 
land management, including sustainable forest 
use. Both in Taita Hills and in Jimma Highlands, 
stakeholders debated whether population would 
increase more rapidly under the no adaptation 

Figure 1. Exploring future scenarios for the Eastern Arc Moun-
tains of Tanzania: a) mapping exercise at stakeholders’ workshop; 
b) LULC changes under BAU scenario in EAMs by 2025, degrada-
tion and deforestation defined by biomass loss; c) distribution of 
mammals, birds and amphibians classified as vulnerable, endan-
gered and critically endangered (IUCN 2013); d) changes in an-
nual moisture index by 2055 (baseline as in Platts et al. 2015). 
Protected areas are shown only within EAMs, for graphic clarity.

Figure 2. The impact of land use on bird diversity in Taita Hills, 
Kenya. Boxplots represent species richness of a) all birds and b) 
forest specialists only. 

scenario or move to other places (i.e. lowlands). 
For a number of the stakeholders the Taita hills 
represent a better alternative, an effective 
“refuge” under adverse and unpredictable 
climate conditions.

Results from biodiversity surveys suggest that 
human land use is having strong impacts upon the 
diversity of bird communities (Fig. 2a). Though 
agroforestry systems were found to support 
more diverse bird communities than natural 
forests, their communities were dominated by 
generalist species and the species richness of 
rarer forest specialists remained highest within 
natural forests (Fig 2b). Though agroforestry 
systems have the potential to support relatively 
high levels of biodiversity, future expansion 
into montane forests is likely to have negative 
implications for the persistence of globally 
threatened forest specialists.

Conclusions

Preliminary results from this study suggest that 
future trajectories of biodiversity hotspots in 
montane forests of East Africa could be affected 
by communities’ responses to climate and LULCC 
in the local area as well as at a broader scale. 

The future of the biodiversity on the EAMs seems 
closely related to sustainable management and 
protection enforcement and to community 
engagement, which could be supported through 
REDD+ mechanisms. On the contrary, increased 
fragmentation of forest patches due to LULCC 
may undermine species capacity to adapt to future 
climate conditions through curtailed mobility.
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In the longer term, if crop suitability increases on 
the montane slopes compared to lowlands, then 
the risk of further encroachment of highly diverse 
montane forest is likely to increase. However, 
part of current farmland (including mixed wood-
crops areas) would lose productivity and may thus 
become available for conservation or restoration, 
and eventually recovering biodiversity. 
Anticipating future conservation and agriculture 
interaction under climate change (Estes et al. 
2014) may contribute to set spatial priorities for 
targeting intervention sites (e.g. REDD+ sites). 
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Interactions across time between human 
communities, land use, climate change and 
biodiversity in montane ecosystems of Eastern 
Africa need further investigation that could 
benefit from incorporating local stakeholders 
perceptions’ on LULCC and climate dynamics, and 
their visions on possible pathways to tackle these 
major challenges.
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Land-use and land-cover 
change in a global biodiversity 
conservation priority. The case of 
the spiny forest of Madagascar 

Jorge C. Llopis1 | Charlie J.  Gardner2 | Xavier Vincke3

Abstract

Although expansion of agricultural and pasture 
land for industrial production are replacing 
shifting cultivation as major proximate causes 
of forest loss in many forest-frontier areas of 
the world, the latter land use, for production 
of either subsistence or cash crops, continues 
to play a significant role in land-cover change 
dynamics in many tropical developing countries. 

These land-use and land-cover change 
processes often take place upon forests 
that are habitat for a large portion of the 
world’s biodiversity, with potentially negative 
implications for this biological richness and the 
capacity of these ecosystems to provide much 
needed services to human populations. Within 
this global panorama, the case of the spiny 
forest of Madagascar is particularly relevant 
for both its biodiversity wealth and threatened 
status. Shifting cultivation here has increased 
greatly in the last two decades as a result of 
demographic, economic and climatic factors, 
which combine to force farmers into the forest.

multiple scales, from hydrological regulation 
and soil conservation at the local-regional level, 
to carbon storage and sequestration at the 
global scale.

At the crossroads between these biological and 
socio-economic features, shifting cultivation 
is practiced over large areas of the country, 
constituting the main cause of land-cover change 
in the island, but which underlying drivers are not 
always well understood. 

Land-cover change in the spiny forest

The case of the dry spiny forest-thicket ecoregion 
occurring in the south and southwestern regions 
of the island is a prime example to illustrate this 
problematic. These forests harbour some of 
the highest rates of endemism in Madagascar 
while constituting a central element of cultural 
and spiritual significance for rural populations, 
but have also suffered some of the fastest 
deforestation rates in the country over the last 
two decades (Figure 1) (Waeber et al. 2015; 
Gardner et al. 2008; Harper et al. 2007).

Although charcoal production, cattle raising and 
extractive activities (e.g., mining) also influence 
the spiny forest’s ecological dynamics, shifting 
cultivation remains the main cause of land-cover 
change (Casse et al. 2004; Waeber et al. 2015). 

Regionally known as hatsake, shifting cultivation 
for rain-fed maize production has been traditionally 
employed by rural households to complement 
their main livelihood strategies, as an inexpensive 
and labour-efficient way to obtain relatively good 
yields on the rather unproductive upland soils of 
southern Madagascar. Hatsake, which resorts to 
slash-and-burn for forest clearing, demands few 
inputs besides the labour and tools necessary for 
clearing, sowing, weeding and harvesting tasks, 
while the primarily rain-fed condition of the system 
reduces substantially the demand for watering. 

1 Center of African Studies. University of Copenhagen, Denmark; 
2 Durrell Institute of Conservation and Ecology (DICE), School of Anthropology and Conservation, University of Kent, UK 
3 Blue Ventures Conservation, Level 2 Annex, Omnibus Business Centre, 39-41 North Road, London N7 9DP, UK
3 WWF Madagascar and Western Indian Ocean Programme Oice, BP 738, Antananarivo 101, Madagascar
Corresponding authors: j.llopis@hotmail.com1; cg399@kent.ac.uk2; xavier.vincke@gmail.com3
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Introduction

Madagascar is a haven for biological diversity, 
with endemism rates of 82% for flora and 84% for 
fauna (Goodman and Benstead 2005; Callmander 
et al. 2011). This biodiversity occurs primarily in 
a variety of forest ecosystems, from evergreen 
moist rainforest and sub-humid forest, to dry 
deciduous and spiny dry forest (Goodman and 
Benstead 2005).

A large share of the two thirds of the Malagasy 
populations living in rural areas rely on forest 
resources to meet their subsistence and cash 
income needs, while forested areas also supply 
multiple goods to urban populations, including 
construction and energy wood. Furthermore, 
these forests provide ecosystem services at 
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However, despite yielding up to two tons per 
hectare during the first years, most of the soils 
where hatsake is carried out are only able to 
support maize cultivation for three or four years, 
as the nutrients provided by burning the wooden 
matter are exhausted and weed invasion ensues, 
increasing the labour input needed for weeding. 
Although a sustainable agricultural system if 
enough land is available and selective clearing 
employed, the edaphic and the semi-arid climatic 
conditions prevailing in southern Madagascar 
push farmers to follow the rapidly-retreating 
forest frontier. At the current rate and manner 
of forest clearing, and lacking effective formal or 
informal protective institutions, forest regrowth 
after cultivation is rather difficult and the spiny 
forest tends to revert to open grassland (Waeber 
et al. 2015; Elmqvist et al. 2007).

Underlying causes of hatsake 
expansion 

In recent decades, increasing reliance on hatsake 
has been observed amongst rural populations 
in southern Madagascar, along with a shift from 
mainly subsistence-oriented to more market-
oriented production. Several factors have 
contributed to this growing tendency, which 
strongly challenges the capacity of the spiny 
forest to support its biodiversity. 

First, it is considered that deterioration of irrigation 
infrastructure over these regions recurrently hit 
by cyclones, and the disengagement of the state 
from its maintenance particularly since the 1980s, 
left farmers across the ecoregion with reduced 
access to the water resources needed for their 
agricultural activities, pushing them to engage 
into forest-based livelihood strategies (Minten et 
al. 2006; Gardner et al. 2015a).

Within this context of degrading agricultural 
infrastructure, an export market for maize from 
the south-west of Madagascar to La Réunion 
emerged during the 1990s (Minten et al. 
2006). This phenomenon had a severe impact 
on the forests of a region producing maize 
predominantly through shifting cultivation, 

while just slightly and ephemerally improving the 
wellbeing of Malagasy populations.

In-migration flows from the southernmost 
regions of the island, triggered by cyclones and 
drought have also influenced these land-use 
change processes, particularly in areas where 
forest clearing was considered as a legitimate 
mechanism to gain access to agricultural land 
(Fenn and Rebara 2003; Casse et al. 2004). However 
and despite that in some areas of the ecoregion 
migration continues playing a significant role in 
forest cover dynamics (Brinkmann et al. 2014), 
local populations are also turning to rely more 
strongly on shifting cultivation in the face of 
shrinking livelihood options (Llopis 2015).

Over this socio-economic panorama, climate 
variability (e.g., increased rainfall unpredictability) 
is considered to be already influencing rural 
households to shift from more sustainable 
agricultural practices to more heavily forest-
dependent livelihoods (Gardner et al. 2015a). This 
variability is related with changes observed in the 
climate of southern Madagascar at least since the 
last century, in particular increases in temperature 
and slight decline in rainfall, while drought spells 
might be becoming nearly chronic since the last 
30 years (Tadross et al. 2008; Casse et al. 2004). 
The temperature trend is expected to continue 
in the next decades, with significant rises by the 
half of the century, although concerning rainfall 
change the potential scenarios are less conclusive 
(Tadross et al. 2008).

Ecological and social impacts of hatsake

Besides the direct effects on biodiversity, these 
land-use land-cover change (LULCC) processes 
might have severe implications far beyond the local 
scale where these changes take place. The hilltops 
cleared of forest cover are prone to experience 
intense soil erosion in the event of the impact of 
cyclones hitting the island. The subsequent floods 
transport the sediments down to the rivers, which 
are lined with the most productive agricultural 
land in the region, the baiboho or alluvial fields 
fertilized once a year by the rises of the water 

Figure 1a: The spiny forest of Madagascar. Photo by Louise Jasper Figure 1b: The spiny forest of Madagascar. Photo by Louise Jasper
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cyclones on the rural populations and subsequent 
shifts on the livelihood strategies they pursue.

Challenges for New Protected Areas 
on the spiny forest – The case of 
Ranobe PK32

To halt these intense LULCC processes, several New 
Protected Areas (NPAs) were established in the last 
decade on the spiny forest ecoregion, although 
with varying outcomes. The case of Ranobe PK32 
exemplifies the complexity of the challenges 
faced by biodiversity conservation under adverse 
environmental and economic conditions. 

Ranobe PK32 is located between the Mozambique 
Channel and the Fiherena and Manombo rivers, 
constituting the richest area for faunal biodiversity 
in the south-west region. Local communities have 
traditionally relied on the forest resources in the 
area to meet their energy and construction wood 
needs, while the area hosted one of the largest 
and less disturbed remaining tracts of spiny forest 
in southern Madagascar until the early 1990s. 
However, at that time increasing LULCC processes 
began severely affecting the forest cover, coinciding 
with the growth of the export market reviewed 
above and the impact of cyclones and drought. 
Concretely these processes are driven by hatsake in 
the spiny forest on limestone plateau in the east of 
the NPA (Figure 2), and charcoal production in the 
forest on red sands along the coast in the west.

With the aim of halting these LULCC processes, 
in 2008 a NPA covering some 160,000 ha was 

level. Despite being relatively extraordinary 
events, cyclone-related floods may lead to the 
siltation of the alluvial plots, severely reducing 
their productivity due to the layer of infertile sand 
left upon them, as occurred with the passage of 
cyclone Haruna in 2013. 

This phenomenon is particularly acute in the 
south-west, precisely the region of Madagascar 
where more forest was lost between 1990 
and 2010 (over 400,000 ha) and crossed by 
several rivers discharging into the Mozambique 
Channel (ONE et al. 2013). Moreover, in a parallel 
phenomenon to that affecting the baiboho fields, 
a large amount of the sediments carried by these 
rivers end up silting the Toliara reef system 
stretching along the southwestern Malagasy 
coast. This process is likely to suffocate the 
coral, having severe implications for the marine 
ecosystems’ biodiversity and the coastal human 
populations relying primarily on these fisheries 
for their livelihoods (Maina et al. 2013). As a result 
of declining marine resources, some fishers in the 
region are already abandoning fishing for forest-
based livelihoods, further increasing pressure on 
forest ecosystems (Gardner et al. 2015a). 

Future expected changes in the occurrence of 
cyclones point to a slight decrease in the frequency 
of these events, but in parallel with an increasing 
intensity (Tadross et al. 2008). While the direct 
effect of these extreme phenomena on the forest 
cover dynamics are not negligible (Waeber et al. 
2015), the most severe implications for the spiny 
forest might be brought about by the impact of 

Figure 2: Upland shifting cultivation fields in Ranobe PK32 NPA. Photo by Xavier Vincke
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established in Ranobe PK32 within the Durban 
Vision strategy, a comprehensive conservation 
initiative launched in 2003 that entailed the 
objective of protecting up to 10% of Madagascar’s 
surface (Virah-Sawmy et al. 2014). With the goal 
of enabling local populations to engage in a 
sustainable exploitation of the forest resources 
while protecting its biodiversity wealth, the 
management regime was proposed as a multiple-
use protected area. To achieve these objectives, 
economic alternatives (e.g., promotion of 
ecotourism and agroforestry), and support for 
their permanent agricultural practices were 
intended to be provided to rural communities, 
although to date their effective implementation 
has not been completely realised. Since about 
90,000 people live around the NPA and many 
others within its boundaries, the development 
of sustainable livelihoods programmes at the 
necessary scale is a major challenge for the 
promoters, the international NGO WWF (Virah-
Sawmy et al. 2014). This challenge has been 
exacerbated by the political coup of 2009, 
following which many donors reduced their 
funding to Madagascar.  

Although relative successes were attained 
through aerial surveillance of the NPA and 
sensitization of local communities, these LULCC 
processes have continued nearly unabated up 
to present time, and rural populations remain 
in a vulnerable situation subjected to the effect 

of diverse environmental hazards (Gardner et al. 
2015b; Llopis 2015). Findings of recent research 
in the NPA have revealed the significant role 
played by the urban demand from Toliara, the 
regional capital located nearby the NPA, on the 
land-use change dynamics in the area, with the 
rainfall variability and effect of cyclone-related 
floods influencing shifts on the livelihoods of local 
households (Gardner et al. 2015a; Llopis 2015). 

Conclusion

The spiny forest ecoregion of Madagascar has 
served as an illustration of how biodiversity 
conservation objectives are challenged by LULCC 
processes driven by a complex range of underlying 
causes. Over the present panorama, global climate 
change is likely to put additional pressure upon 
the livelihoods of the rural population main agent 
of LULCC, particularly due to projected rises in 
temperature over the areas of occurrence of the 
spiny forest and the potentially enhanced effects 
of extreme climatic events (Tadross et al. 2008). 
The combination of all these factors will likely 
increase the hindrances and costs for biodiversity 
conservation (Hannah et al. 2008; Busch et al. 
2012). Further research on how these dynamics 
operate is needed in order to inform appropriate 
conservation and development interventions, 
and in particular to devise effective adaptation 
measures to support rural populations in coping 
with the expected future changes
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Threats to the Southwest 
Australian Biodiversity Hotspot

1 School of Plant Biology, University of Western Australia
Corresponding author: hans.lambers@uwa.edu.au

Hans Lambers1

Southwest Australia is a megadiverse region, 
one of only 25 Global Biodiversity Hotspots for 
conservation priorities as defined by Myers et 
al. (2000). Biodiversity Hotspots are defined as 
regions “where exceptional concentrations of 
endemic species are undergoing exceptional 
loss of habitat”. As many as 44% of all species 
of vascular plants and 35% of all species in four 
vertebrate groups are confined to 25 hotspots 
comprising only 1.4% of the land surface of the 
Earth. This opens the way for a conservation 
strategy, focusing on these hotspots in proportion 
to their share of the world’s species at risk (Myers 
et al., 2000).

There are three main threats for the Southwest 
Australian Biodiversity Hotspot: A) introduced 
mammals, B) land-use change and C) weeds 
and pathogens. As discussed, these threats are 
intimately linked and interact with each other.

Introduced mammals

These include small animals, such as feral cats 
and foxes. The main method to control them is 

by using sodium fluoroacetate, commonly called 
1080. The chemical is added to bait such as 
chicken heads or sausages, which are consumed 
by the target animals, but may also be eaten 
by non-target marsupials. Exotic animals are 
highly sensitive to this poison, which blocks their 
mitochondrial metabolism. Native animals in 
south-western Australia have co-evolved with 
Gastrolobium species (Figure 1), which contain 
fluoroacetate; they are therefore relative 
insensitive to the poison (Twigg 2014). Plants 
that are known to produce fluoroacetate are 
rare. Outside the genus Gastrolobium, the trait is 
known for one Acacia species in Australia (Acacia 
georginae in northern Australia), a single genus in 
southern Africa (Dichapetalum) and three genera 
in Brazil (Amorimia, Arrabidea and Pallicourea).

Land-use change

For plants, the threats are captured in Figure 2 
(Coates et al., 2014). Historically, land clearing 
for agriculture has been the major threatening 
process. Not only did this remove the original 

Figure 1. Gastrolobium spinosum (Fabaceae).  Gastrolobium is a fluoroacetate-bearing genus common in south-western Australia.  
Photo by Graham Zemunik.
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vegetation, including endemic species, but it 
also gave rise to dryland salinity, as a result of a 
rising saline water table. Salt that arrived from 
the ocean with the rain has accumulated in the 
landscape, but low in the profile. When perennial 
vegetation was replaced by annual crops that use 
far less water on an annual basis, the saline water 
able rose. This gave rise to expanding salt lakes, 
which are a natural element in south-western 
Australia, as well as new salt lakes and salt scars in 

Figure 2. Proportional threats to listed threatened flora in Western Australia.  The blue shaded areas correspond to threats covered in 
a recent chapter (Coates et al., 2014).

Figure 3. Effects of dryland salinity, due to clearing of perennial native vegetation and replacing it by annula crops or pastures, resulting 
in a rise of the saline water table. Photo by Hans Lambers.

the landscape (Hatton et al., 2003). Massive death 
of native trees and shrubs is the results of rising 
saline water table (Figure 3).

C) Weeds and pathogens:

Weeds, in particular herbaceous species, get a 
foothold once soil phosphorus levels increase, for 
example as a result of a fire frequency that is too 
high (Fisher et al., 2006). Phytophthora cinnamomi, 
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an introduced pathogenic oomycete, is a major 
threat to the biodiversity in most of the south-
western Australia (Coates et al., 2014). It has 
been listed as one of the world’s most destructive 
invasive species; it is easily spread on soil attached 
to vehicle tires or footwear.  The only tool that is 
currently used to combat it is phosphite, which is 
commonly sprayed from small aeroplanes flying 
over infested areas in national parks or injected 
into trunks of infested trees. However, phosphite 
is readily converted to phosphate by soil 
microorganisms, thus increasing soil phosphorus 
levels. Since the greatest biodiversity is found 
where soil phosphorus concentrations are the 
lowest (Zemunik et al., 2015), enriching the soil 
with phosphorus can be expected to cause a shift 
in vegetation composition or cover, and this is 
exactly what has been observed (Lambers et al., 
2013). What is urgently needed is an alternative 
strategy to combat Phytophthora cinnamomi, 
because simply stopping the use of phosphite is 
not an option, and continued use of phosphite 
will inevitably lead to eutrophication, and a shift 
in vegetation.

Biodiversity hotspots sensu Myers et al. (2000) 
are not simply about species richness and 
numbers of endemics, but also about threats 
to the system. To conserve the Biodiversity 
Hotspot in south-western Australia requires an 
integrated approach. Controlling the oomycete 
Phytophthora cinnamomi with phosphite is not 
a long-term solution, and alternative strategies 
must be explored.  Likewise, controlling foxes with 
1080 to protect the endangered Rock wallaby 
(Petrogale lateralis) may not only have the desired 
effect of protecting the native animal. The success 
may actually endanger threatened plant species 
such as Tetratheca deltoidea, which are eaten by 
Rock wallabies (Kinnear et al., 1998), Concerted 
efforts are required to raise local awareness 
of how special the region is and to lift the 
international profile of the region. That is why the 
Kwongan Foundation vigorously pursues Unesco 
World-Heritage Listing for the region (https://
www.facebook.com/kwonganfoundation).
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Natural riches of Amazonia, 
deforestation and its 
consequences 

Philip M. Fearnside1

Abstract

Amazonia’s greatest riches are in the 
environmental services provided by its natural 
ecosystems. These avoid the global warming 
that would be provoked by releasing their 
carbon stocks, recycle water that is essential 
to rainfall in Amazonia and in other areas 
(including São Paulo), and maintain biodiversity. 
While some progress has been made towards 
maintaining forest by tapping the value of 
these services, the forces of destruction have 
grown much faster, since incentives to clear 
the forest have been higher than the ones to 
conserve it. Destructive uses provide assured 
and immediate profits, whereas conserving 
forest for environmental services depends 
on financial rewards that are uncertain and 
removed in time.

approach divides Amazonia into eight “areas of 
endemism” (da Silva et al., 2005). Another is to 
divide the region into many grid cells and assign an 
arbitrary statistical threshold for the spread of the 
distribution to other grid cells (Kress et al., 1998). 
Either way, the western portion of Amazonia 
generally has both the largest number of species 
and the greatest endemism in the region, and 
some of the highest levels in the world. 

Climate

Each hectare of Amazonian forest has a high 
biomass, but some other tropical forests, such as 
those in Southeast Asia, have higher per-hectare 
biomass. However, the vast area of Amazonia 
makes the total biomass and carbon stock much 
higher in this region, giving it an unparalleled role 
in future climate regulation. Forest “biomass” 
refers to the dry weight of the vegetation (mainly 
trees). From the point of view of greenhouse-gas 
emissions, total biomass is the important measure, 
which includes not only live trees and not only 
what is above ground, but also dead biomass 
and roots. In 2013 the mean estimated biomass 
of Brazil’s 4.2 million km2 “Amazonia biome” was 
338.8 tons, or 163.5 tons of carbon per hectare, 
and the total biomass stock, despite loss of 16.7% 
to deforestation since the early 1970s, was still 
121.2 billion tons, or 58.6 billion tons of carbon 
in 2013 (Nogueira et al., 2015). Maintaining 
Amazonian forest avoids global warming and 
sustains the region’s water cycle, which plays a 
key role in supplying water vapor that produces 
rain in non-Amazonian parts of Brazil (including 
São Paulo) and in neighboring countries such as 
Paraguay and Argentina (Fearnside, 2004, Arraut 
et al., 2012).

Deforestation

Amazon forest is threatened by deforestation 
(clear cutting). The cumulative total cleared in 
Brazil’s portion of the Amazon forest is now 20%, 
about 90% of this clearing having occurred in just 

1 National Institute for Research in Amazonia (INPA)
National Institute for Research in Amazonia (INPA), Manaus, Amazonas, Brazil.  
Corresponding author: pmfearn@inpa.gov.br; http://philip.inpa.gov.br
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Biodiversity

About two-thirds of the Amazon forest is in Brazil, 
the rest being shared by Bolivia, Peru, Ecuador and 
Colombia, while “greater” Amazonia encompasses 
tropical forests in Venezuela and the Guyanas. The 
natural richness of Amazonia is very great, with 
both the largest remaining area of the world’s 
tropical forest and the largest amount of fresh 
water (the annual flow of the Amazon River is five 
to six times larger than that of the world’s second 
largest river: the Congo). Amazonia’s biodiversity 
(in terms of number of tree species per hectare) 
reaches a peak where the topography begins to 
rise at the foot of the Andes Mountains. Amazonia 
has an estimated 40,000 plant species, 3000 fishes, 
1294 birds, 427 mammals, 427 amphibians and 378 
reptiles (da Silva et al., 2005). Average endemism 
(the proportion of species that only occur here) is 
high, but it can be higher in some other tropical 
forests, such as the remaining patches of Brazil’s 
Atlantic forest. Endemism refers to the degree to 
which species only occur in only one geographical 
area, thus the definition of this geographical area 
determines what is considered endemic. One 
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the last four decades (Brazil, INPE, 2015a). For 
comparison, Brazil’s portion of the Amazon forest 
is approximately the size of Western Europe, 
and by 1995 the deforested area surpassed the 
area of France. Continued clearing through 2014 
has added the areas of Austria, Switzerland and 
Portugal. At the peak of clearing an area the size 
of Belgium was felled in a single year. Annual 
deforestation rates in Brazil declined from 
2004 to 2012, after which the rate oscillated at 
approximately the same “low” level through July 
2014. The 5012 km2 cleared from August 2013 to 
July 2014 is still a substantial area. The decline in 
deforestation rates to the 2012-2014 plateau is 
explained by a variety of economic setbacks and 
easily reversed administrative measures (e.g., 
Assunção et al., 2012), all of which offer fragile 
protection on the longer term. Most important 
is a 2008 resolution by Brazil’s Central Bank that 
no public bank loans can be given to landholders 
with irregularities reported by IBAMA, the 
federal environmental agency (BACEN Resolution 
3.545/2008). The restriction on bank loans has 
immediate effect, unlike IBAMA’s fines, which 
can be appealed almost endlessly. The credit 
restriction greatly increases the impact of 
any given level of government investment in 
inspection and enforcement. Unfortunately, the 
restriction could be removed at any time at the 
stroke of a pen, and this is a goal of the “ruralist” 
voting block in the National Congress.

Brazil’s deforestation has long been subject 
to highs and lows, usually as a result of major 

economic cycles (Fearnside, 2005). The 
deforestation rate declined from 1988 (the first 
year of annual monitoring) to 1991 as a result of 
economic recession. The rate then rose as the 
economy recovered and jumped to an all-time 
high in 1995. This peak was due to the “Real Plan” 
package of economic measures implemented in 
June 1994, ending hyperinflation and releasing 
large amounts of money that had been held 
in short-term money-market investments. 
Deforestation then plunged until 1997 as the 
price of land fell by half (also a result of the Real 
Plan), ending the generalized land speculation 
that had previously been so profitable. This 
greatly reduced clearing to defend land claims. 
Deforestation then climbed to a peak in 2004 
as exports rose, becoming more profitable with 
weakening of the Brazilian real. After 2004 the 
downturn mentioned earlier began: the exchange 
rate declined from nearly R$4/US$ to a low of 
R$1.5/US$. This made exporting soybeans and 
other commodities much less profitable, since 
expenses are in reais and the returns are in dollars. 
In addition, the international price of soybeans 
(in dollars) declined steadily over the 2004-2008 
period, with the exception of a brief rise at the 
end of 2007. Beef prices in Brazil (corrected for 
inflation) followed the same pattern.

After July 2014 a sharp upturn in deforestation 
became apparent (Brazil, INPE, 2015b; Fearnside, 
2015; IMAZON, 2015). Among the contributing 
factors may be anticipation of Brazil’s October 
2014 elections: such upturns prior to elections 

Figure 1: Deforestation for soybean production Figure 2: Amazon rainforest in Manaus
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are a common pattern as a result of sudden 
releases of government funds, relaxation of 
enforcement of environmental restrictions, and 
expectation of “amnesties” for past violations 
(see Fearnside, 2003). 

Despite the lower rates of clearing in recent 
years, the underlying forces driving deforestation 
continue to grow, including ever more roads, 
investment and population. The growing political 
power of agribusiness and ranching interests 
has weakened deforestation restrictions such 
as Brazil’s “forest code”, environmental impact 
requirements for infrastructure projects, and the 
system of protected areas (e.g., Fearnside, 2008a; 
Fearnside & Figueiredo, 2015). The Brazilian 
real is currently in free-fall with no end in sight, 
making soy and beef exports far more profitable 
than they were when the deforestation decline 
took place. Creation of new protected areas is 
essentially halted (Alencastro, 2014), existing 
reserves continue to be degazetted (Bernard et 
al., 2014), government expenditures on enforcing 
environmental laws have been drastically cut 
(Leite, 2015), political appointments signal 
deforesters that environmental protection will 
have low priority (Tollefson, 2015), and plans 
for Amazonian roads continue as fast as funds 
permits (Brazil, MoP, 2015). Nevertheless, there 
is some good news in improved monitoring 
capabilities and governance arrangements (both 
governmental and through corporate actors) 
(e.g., Nepstad et al., 2014, Gibbs et al., 2015a,b).

All Amazonian countries are the scenes of 
deforestation and environmental destruction 
by mining, hydroelectric dams, oil exploitation, 
logging and other activities. All have top-

level governmental support for development 
projects in Amazonia with serious consequences 
for the forest. Because they open access to 
land with multiple potential uses, decisions 
on infrastructure do not represent one-time 
subtractions from the forest, but rather set in 
motion processes that continue to remove and 
degrade forest for many decades in the future 
(Fearnside & Laurance, 2012). 

Environmental services

It is the richness of Amazonia’s environmental 
services in maintaining climate and biodiversity 
that  offers the hope of changing these priorities 
(Fearnside, 1997, 2008b). Various controversies 
surround the politics of how to account for 
and pay for these services (Fearnside, 2012a,b). 
Unfortunately, there is not much time to resolve 
these issues due both to the rapid pace of 
forest loss and degradation and  to the rapid 
pace of climate change. A lasting solution to 
deforestation requires that region’s economy 
be based on maintaining the forest rather than 
destroying it.
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Figure 1. A schematic representation of the major components of the Amboseli ecosystem. A cross sectional view at top and plan view 
of the natural and human components that influence the land cover and biodiversity. In reality the components grade into one another 
and the interactions are complex. A multi-disciplinary approach to studying the natural history, human history, and processes linking 
these components together can help us to understand what controls future land cover and biodiversity.

Abstract 

A historical ecology perspective helps us 
understand the long-term interaction between 
human societies and their social and natural 
environments by integrating approaches 
from across the physical and social sciences. 
Through a multidisciplinary lens, an in-depth 
examination of the history and processes of 
human-environmental interactions is possible. 

The rapid and intense rates of transformation 
of land cover in the Amboseli area of southern 
Kenya are having massive impacts on the social 
and ecological landscape and the interaction 
between conservation and local livelihoods. A 
detailed look at the recent past helps to inform 
the possible future trajectories of land cover/
land use and biodiversity changes and the 
interacting relationships between humans and 
the environment through time.
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The Amboseli area is immediately north of Mount 
Kilimanjaro near the Kenya-Tanzania border and is 
currently experiencing rapid land cover and land 
use changes with implications for the resilience 
of biodiversity and social-ecological systems. In 
recent decades, the wetland catchments outside 
of the Amboseli National park have notably 
experienced dramatic changes in land tenure, 
land use and vegetation cover that result from the 
ways these ecosystems are integrated into the 
livelihood strategies of the population (Turner et 
al., 2000; MEMR, 2012). These current changes are 
superimposed on the legacies of historical land use 
activities, climatic variability and environmental 
interactions (Rucina et al., 2010). But how has 
the history of these factors influenced the 
biodiversity and ecosystems we see today? And, 
how has this influenced the available ecosystem 
services and uses for all stakeholders present on 
this landscape? What will future trajectories of 
these complex systems be like given continued 
population increases, land privatization pressures, 
and climate change impacts? 

This history of land cover development and human-
environment interactions since the end of the 
African Humid Period ending (~6000-4000 yrs BP) 
is being studied within the ongoing Resilience in 
East African Landscapes (REAL) project. These 
investigations involve establishing palaeoecological 
records from a number of swamp sites by 
examining the vegetation histories through plant 
pollen, fungal spore, sedimentological and charcoal 
analyses of the swamp sediments. These data 
are examined together with archaeological and 
historical research that illuminates the relationships 
between people and their environment. Additional 
detail about recent changes come from census 
data, animal population counts, satellite and air 
photo images of regional land cover changes, and 
computer modelling of how landscape components 
interact. Equally important is understanding how 
socio-political aspects of land tenure and land use 
policies, such as food (in)security, political stability, 
and perceptions of conservation and industrial 
agendas, have influenced relationships with the 
landscape.

Although Lake Amboseli is presently dry, water is 
available year round in a series of groundwater-
fed wetlands spread across the semi-arid 
woodland and scrubland. Moisture derived 
from the Indian Ocean precipitates over Mount 
Kilimanjaro and the Chyulu Hills that surround the 
Amboseli region. The water enters the porous 
volcanic bedrock before flowing from springs 
between 1120-1220 m asl elevation that support 
the wetlands in Amboseli (Williams, 1972; 
Meijerink and Wijngaarden, 1997). These wetland 
areas support both wildlife and pastoralist 
communities in the region, particularly as they 
form a ‘constant’ supply of water and become 
crucial grazing refuges during drought periods 
(as was seen in 2008-2009). New pollen records 
from Namelok and the north part of Kimana 

swamp suggest that the region was relatively 
dry from 4000-1700 years BP, being dominated 
by grasses, Amaranthaceae, and semi-arid plants 
(unpublished data). By 2000-1700 years BP there 
is evidence of increased moisture at both sites that 
has dominated to present with some variability, 
and that variability in moisture availability may 
have increased over the past 500 years. There 
is emerging evidence that these swamps have 
expanded, contracted and have even shifted 
in their position upon the flat landscape. Thus, 
over the late Holocene, since the end of the 
African Humid Period, moisture availability has 
been variable, and this hydroclimatic variability 
has been linked with regional scale climatic 
drivers, particularly Indian Ocean-terrestrial 
interactions. The new palaeoecological records 
will provide data to improve understanding 
of the changes in vegetation, fire history, 
climatic and sedimentological processes that 
inform ecological, water and grazing resource 
management. Hydrological variability has not 
been the only major change during the late 
Holocene; anthropogenic impacts on animal 
populations has been a key control on the present 
composition and distribution of the Amboseli 
ecosystems, through the historical decimation 
of elephant population via the ivory trade and 
transition and expansion of pastoral communities.

Archaeological studies in the region are bringing 
new insights into the complexities of human-
landscape interactions and how the ecosystem 
has changed due to the presence and agency 
of humans. Archaeological research in the 
nearby Tsavo region suggests that a transition 
to generalized pastoralism occurred in south-
eastern Kenya around 3800 years BP (Kusimba and 
Kusimba, 2005; Wright, 2005). After 3000 years 
BP, Pastoral Neolithic sites are found distributed 
throughout all of East Africa; however, transitions 
to pastoralism in East Africa was an irregular 
process characterized by shifting identities 
between herders, cultivators, and hunter-
gatherers (Lane, 2004). The uneven adoption of 
pastoralism suggests not an immediate integration 
event between immigrating herders and resident 
hunter-gatherers, but varying degrees of social 
interaction and exchange that developed over 
millennia (Lane, 2013) and environmental 
impacts and responses that are challenging 
to fully discern. Further understanding of the 
trajectory of human-environmental interactions 
is constrained by the limits of thin documentary 
source material and oral histories available for the 
area. Yet, prior to European settlement, people 
on the Amboseli landscape engaged with vast 
trade networks stretching across the continent to 
Arab, European, and Asian cultural spheres. This 
included links to the ivory trade which peaked 
during the 1800s and drastically impacted the 
ecology and landscape of Amboseli.

The first Maasai olosho (local organizing land 
ownership unit) to reside in the basin was 
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probably the Loogalala who were resident by the 
18th century (Galaty, 1993). The Kisonko Maasai 
likely arrived in the area during the 19th century, 
as they were expanding southwards through the 
attractive permanent water sources and pastures 
of the central Rift Valley. It has been proposed 
that when the Kisonko encountered the Loogalala 
the latter were either assimilated or evicted 
(Western, 1983; Galaty, 1993). Maasai pastoral 
economy has long been situated within a wider 
regional socio-economic system, which included 
foraging, hunting, trade, agro-pastoralism and 
irrigation and rain-fed cultivation (Galaty, 1993). 
Some Maasai participated in hunting for animal 
products (Meyer, 1900) and hunting along 
caravan routes passing near Mount Kilimanjaro 
would have been extensive enough to result in 
heavy regional defaunation (Håkansson et al., 
2008). Maasai had long been shaped by a shifting 
regional socioeconomic sphere moulded in part by 
competition over water and pasture. Furthermore, 
while Maasai identity centres in many ways upon a 
pastoral livelihood, historical and contemporary 
economic activities exhibit great fluidity between 
individuals and throughout an individual’s life, all 
of which have variable cumulative influences on 
biodiversity and land cover.

The establishment of Amboseli National Park 
has conserved a number of the wetlands at 
the lowest elevations from being converted to 
agricultural land. Tourism and conservation in 
the region also provides some economic benefits 
as well as educational and health facilities and 
infrastructure for local populations. The National 
Park space has also enabled the maintenance 
of large numbers of wildlife that are able to 
migrate out of the protected area through the 
surrounding landscapes, particularly towards 
Tsavo to the east and Tanzania to the south. This 

Figure 2. Pastoral herds drinking water in Engong Narok swamp during the dry season, September 2015. Photo by Anna Shoemaker.

interaction between an increasingly sedentary 
human population and migrating wildlife presents 
potential for conflict with local populations that 
must be considered when drafting management 
plans. Across the region, there is a finite space for 
aquatic and riparian taxa distributions to shift and 
regional connectivity of animal populations relies 
on community support and sound sustainable 
policies (Western, 1982). Even for the mobile large 
herbivores, range contractions can be a serious 
threat to populations (Ripple et al., 2015) and 
lead to intensification of human wildlife conflicts, 
and changes on vegetation distributions also 
impact migratory grazers, both wild and domestic 
(Western, 2007). Predator resilience in particular 
relies on a sustained population prey, available 
niche spaces, and compensation schemes that 
buffer local Maasai people from inevitable cattle 
losses (Maclennan et al., 2009; Okello et al., 2014). 
In some plots, indigenous ruderal taxa grow 
amongst commercial crops, producing novel 
vegetation assemblages (Hobbs et al., 2009). 
Since the 1980s, Isinet, Namelok, Esambu and 
Kimana swamps have been largely converted to 
agriculture and diverted to irrigation schemes 
covering areas of <1 km to 45 km2 (KWS, 2008). 
This conversion has coincided with decreased 
livestock holdings as herders navigate issues 
of land access, food, and economic insecurity. 
Increasing populations and the expansion of 
cultivated and conservation areas have limited 
access to watering points and pastureland.

Wholescale conversion of wetlands to agriculture 
is occurring in other regions of Kenya and has 
profound implications for biodiversity and habitat 
loss (MEMR, 2012), as well as socio-economic 
restructuring of human populations. While it 
must be acknowledged that livestock herders in 
Amboseli have long practiced flexible production 
strategies articulated with wider regional 
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markets, the rate of expansion of cultivated land 
in recent years is unprecedented in the area. The 
growth of the agricultural sector in Amboseli has 
had enormous impacts on wetland areas and 
human-environment interactions. The impacts of 
these changes directly influence biodiversity at 
the genetic to population levels through changes 
in soil characteristics, habitat conversion and 
loss, human pressures, and reductions in natural 
connectivity of populations and associated 
gene pools. The consequences of such changes 
are reduced ecological resilience and curtailed 
capacity for ecosystem restoration and recovery 
of animal populations from increasing intensive 
and pervasive limitations to water access during 
droughts. Additionally, the present trend toward 
privatization of land in Amboseli continues to 
restrict land access and the poorly regulated 
process of subdivision and sale is exacerbating 
disparities in wealth accumulation and provisioning 
of social services. Social consequences also include 

changes in the relationship between people and 
their livestock. As land use strategies shift, cattle 
holdings in Amboseli are declining and sheep and 
goat populations increasing. This has enormous 
implications for perceptions of identity for the 
Maasai in Amboseli who espouse that their cattle 
are the essence of their financial, nutritional, 
and cultural security. Understanding the history 
and development of human-environmental 
interactions plays a crucial role in understanding 
how the social-ecological system in Amboseli has 
evolved. Such a historical ecology perspective is 
being used to guide project future land cover/land 
use changes in the region to inform developments 
in sustainable human livelihoods and strengthen 
conservation objectives of the globally important 
Amboseli landscape.

For more information about the project, see: 
www.real-project.eu
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Environmental change and 
Water Ecosystem Services 
in the Bolivian Amazon 
Lowlands (Llanos de Moxos)

Abstract 

The Llanos de Moxos is a vast savanna floodplain 
located in Southwest Amazon. Like other 
wetlands in Amazonia, the Llanos de Moxos, 
because of its size and remoteness, is poorly 
monitored, while it is believed to be a vital 
piece of the overall health of the entire Amazon 
ecosystem. In this contribution, we perform an 
initial characterization of the Water Ecosystem 
Services in this unique region, we identify 
the main environmental change threats and 
introduce key concepts and research needs 
for addressing vulnerability. We found that the 
ecological and socio-political particularities of 
the Llanos de Moxos together with the lack 
of pertinent information, makes vulnerability 
research a challenging task. It demands a clear 
conceptualization, terminology, scope and 
methods to make vulnerability assessments a 
useful input for planning adaptation-mitigation 
or sustainable development. 

Earth System Science Center CCST, National Institute for Space Research (INPE)
Corresponding author: alex.ovando@inpe.br
a The convention on Wetlands, called the Ramsar Convention, is an intergovernmental treaty that provides the framework for 
national action and international cooperation for the conservation and wise use of wetlands and their resources (http://www.
ramsar.org/)
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multiple services they provide (Bolee, 2011). One 
of the major Amazonian wetlands is the “Llanos 
de Moxos”, which is a vast savanna floodplain of 
approximately 150000 km2 (Hamilton et al., 2004) 
located in the Mamoré-Beni-Guaporé (Iténez) 
rivers fluvial system in Bolivia, between the 
eastern Andes, the adjacent Amazon alluvial fans 
and the Precambrian Brazilian shield (Figure 1). 
The mean altitude at the “Llanos” is approximately 
150 m with a mean slope less than 10 cm per km 
(Guyot, 1993). The natural vegetation is mixed: 
grassland and savannah vegetation in seasonally 
flooded areas, and evergreen tropical forests in 
non-flooded areas, although deforestation has 
converted part of the forest areas to pasture 
(Hamilton et al, 2004).

Like other wetlands in Amazonia, the “Llanos”, 
because of their extension and remoteness, 
are poorly monitored. The Llanos de Moxos 
are believed to be a vital piece of the overall 
ecological health of the entire Amazon and it 
has recently been designated by the Ramsar 
Conventiona as a wetland of international 
importance (WWF, 2013). The multiple Water 
Ecosystem Services that they provide are not yet 
properly characterized and quantified. Also, the 
environmental change impacts in the hydrological 
cycle, that may compromise these ecosystems 
functions and services, are still poorly known. 

In this contribution we provide an initial 
characterization of the Water Ecosystem 
Services in the Llanos de Moxos, identifying the 
main environmental changes and threats to the 
ecosystems. Finally, we introduce key concepts 
and research needs for addressing vulnerability in 
the area.

Water Ecosystem Services in the 
Bolivian Amazon wetlands

Ongoing research regarding flood dynamics 
in the Llanos (Ovando et al., 2015) show that 
flood peaks (covering up to 71305 km2) tend to 
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Introduction

Freshwater is considered as the “bloodstream” 
of the biosphere, driving critical processes and 
functions in forests, woodlands, wetlands, 
grasslands, croplands and other terrestrial 
ecosystems while keeping them resilient to 
change (Falkenmark, 2003). Wetlands, besides 
providing fresh water, regulation and cultural 
services, support a rich biodiverstity, as well as 
human populations. Water is a key driver in the 
delivery of many ecosystem services, including 
provisioning services (domestic use, irrigation, 
power generation and transportation), as well 
as supporting, regulatory and cultural services 
(Aylward et al., 2005; Bolee, 2011). 

Human livelihood and wellbeing, along the 
Amazon, is strongly dependent on the local 
landscape, ecosystem functionality and the 
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occur between March and April, whereas during 
August-September, water presence is limited 
to permanent water bodies (lakes and rivers). A 
conspicuous degree of interannual variability is 
observed, with a range of 50293 km2 between 
the maximum flood peak and the minimum flood 
peak (for the 2001-2014 period). These complex 
dynamics are of big relevance for the provision of 
water ecosystem services.

In general, Amazonian wetlands play a crucial 
role at the watershed scale because they support 
biodiversity of the ecosystem (Junk, 1997) and 
because they modulate water fluxes. Amazon 
wetlands affect the whole basin sediment load, 
modifying water as well as dissolved and particulate 
material fluxes from upland watersheds through 
river drainage networks (Dunne et al., 1998; 
Guyot et al., 1996; Junk and Worbes, 1997; 
Melack and Forsberg, 2001). Water residence 
time in wetlands alters river discharge due to the 
exchange of water between river and floodplain, 
and it promotes large evaporative losses (Bonnet 
et al., 2008). In addition, water residence time in 
Amazon wetlands is crucial in the regulation of 
biogeochemical and biotic processes (Bouchez et 
al., 2012; Junk et al., 1989; Viers et al., 2005) and 
consequently carbon dioxide (CO2) and methane 
(CH4) emissions (Abril et al., 2014; Kayranli et al., 
2010; Richey et al., 2002). Both sediments and 
biogeochemical dynamics depend on the spatial 
and temporal patterns of hydrology, which, in 
addition to rainfall distribution, are also influenced 
by the topography, soil and vegetation (Mertes et 
al., 1995). It is known that the Bolivian Amazon 

wetlands retain different types of water and 
sediments from upstream (Guyot, 1993). These 
processes imply complex interactions of “black” 
water, generated in the lowlands, and sediment 
loaded “white” water from the Andes (Beck et 
al., 2008). Black and white water interactions, 
together with the high water storage capacity 
of the floodplains, are determinant for nutrients 
cycle, sediment weathering and consequently the 
ecology, spatial segregation of vegetation and 
ecosystems (Pouilly et al., 2004). 

Most of the waterways in the Llanos de Moxos 
have national relevance since they belong to 
bi-oceanic corridors (Alurralde et al., 2008). 
The Ichilo-Mamore, Itenez-Madera and Beni-
Madre de Dios corridors are the most relevant 
waterways. Also secondary rivers are used for 
transportation, merchandise exchange between 
disperse communities in the Bolivian lowlands 
(Van Damme, 2002).

In addition to its rich natural diversity, the Llanos 
were the setting for many complex pre-Columbian 
societies. Vestiges of these cultures, spread over 
the floodplains, constitute an example of human 
adaptation to seasonally flooded environments 
(Lombardo et al., 2013).

Environmental change threats

Climate change and its variability, as well as human 
activities impact water processes increasing the 
pressure to ecosystems and the services they 
provide. Sea surface temperature anomalies 

Figure 1. The Llanos de Moxos Ramsar sites in the central portion of the Bolivian Amazon (upper Madeira)
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influence extreme flood events in the Bolivian 
Amazon (Ronchail et al., 2005).  For example, the 
unprecedented rainfall over the Madeira Basin 
during the rainy season of 2013-2014, was related 
to warm conditions in the Pacific-Indian and sub-
tropical south Atlantic, and exceptional warm 
conditions in the Atlantic Ocean, which favored 
the humidity transport over South western 
Amazonia (Espinoza et al., 2014). The increased 
frequency of extremes in the Amazon has led 
Gloor et.al. (2013) to suggest an intensification 
of the hydrological cycle starting from the 1990s, 
which is responsible for “progressively greater 
differences in Amazon peak and minimum flows”.

It has been shown that these extreme events 
have the potential to cause serious disruptions 
in the ecological functioning of the Amazon 
forest ecosystems (Phillips et al., 2009) and 
alter the normal functioning of the wetlands, 
pushing the physiological adaptations and 
behavioral changes of living organisms beyond 
their resilience limits (Junk, 2013). In addition, 
they compromise the livelihoods of riverine 
communities, which are dependent on the flood 
pulses (Tomasella et al., 2013). 

According to Seiler et al. (2013) who had analyzed 
35 Global Circulation Models (GCMs) from the 
3rd and 5th Coupled Inter-comparison Project 
(CMIP3/5), the Bolivian Lowlands are likely to have 
an annual precipitation decrease of 9% for the 
2010-2099, this reduction attain to 19% during 
drier months (June to November). Results from 
Regional Circulation Models in Bolivia (Seiler, 
2009) exhibits an accentuation of the precipitation 
regime in the lowlands: more precipitation during 
the rainy season and less precipitation during the 
dry season. Severe economic and social impacts 
were reported after extreme events of 2007, 
2008 and 2014 in the Bolivian lowlands (CEPAL, 
2008; UDAPE, 2015), but little is known about 
impacts in the ecosystems. 

Land change may potentially impact precipitation, 
river discharge and groundwater recharge 
in different forms, intensities and scales, as 
demonstrated by (Coe et al., 2009; D’Almeida et 
al., 2007; Davidson et al., 2012; Mei and Wang, 
2009; Sampaio et al., 2007; Siqueira-Júnior et al., 
2015). Deforestation in the Bolivian lowlands 
between 2000-2010 achieved 1.8 Million ha, 
being 56% in the central portion of the Bolivian 
Amazon (Cuéllar et al., 2012). According to Tejada 
et al. (2015), deforestation for a “Fragmentation 
Scenario” in 2050, based on a high land demand 
for agricultural expansion, oil exploration, and 
road construction, might affect 41% of the 
Bolivian Amazon basin (Figure 2). It is clear then, 
that identifying deforestation impacts in the 
wetlands hydrology is a pending task. 

Sediment load and transport into the river 
systems following deforestation and mining 

activities may derive in water pollution with 
severe impacts on ecosystems and public health. 
Sediments from deforested areas in medium and 
upper portions of the watersheds are deposited in 
large floodplain environments activating mercury 
pollution (Acha et al., 2005; Maurice-Bourgoin et 
al., 2000; Ovando, 2012). 

Roads constitute a significant hazard for 
ecosystems functionality and hydrology as well 
as a major driving factor for land use changes. In 
general, linear structures like roads, highways, 
power lines and gas lines interacts with natural 
stream networks at the landscape scale, this 
interaction may impact biological and ecological 
processes in stream and riparian systems (Jones 
et al., 2000). The major ecological effects of 
roads, according to Forman and Alexander 
(1998), are: species disturbance, fragmentation 
of habitats and hydrologic and erosion effects. 
The bi-oceanic corridor and the highway across 
the TIPNIS (Territorio Indigena y Parque Nacional 
Isiboro-Secure) protected area are examples of 
current road projects, under the Initiative for 
the Integration of South American Infrastructure 
(IIRSA) (www.iirsa.org), with undetermined 
impacts in the Llanos de Moxos. 

Also under IIRSA, massive hydroelectric dams 
are operating or in their initial projecting stages. 
The Cachuela Espezanza dam in the Beni River, 
Hidroelectrica Binacional dam in the Madera 
River and Rositas in the Rio Grande River are the 
most representative dam projects in the Bolivian 
Amazon. In the Brazilian side, Santo Antonio and 
Jirau dams are already in operation. Dams in the 
region may impact the wetlands functionality in 
several ways: changes in water stage (level) can be 
observed even hundreds of kilometers upstream, 
with a consequent loss in flow velocity that could 
alter flood dynamics in a large area (Pouilly et 
al., 2009a); Sediment flow may be constrained 
deriving in enhanced sediment deposition-
transformation and then mercury pollution (Pérez 
et al., 2009). The spread of vector borne diseases 
like malaria, leishmanioses, dengue, yellow fever 
and others may be enhanced since large areas may 
remain flooded for more time (Arnéz, 2009); The 
natural cycles of organic matter decomposition 
in floodplains may increase greenhouse gases 
emissions (CO2 and CH4) (Pouilly et al., 2009b); The 
dams will form an artificial barrier to fish migration 
and mobilization, impacting on fish spawning–
reproduction and local economy (Van Damme et 
al., 2010). Even dams in the Andean Amazon zone 
may alter the connectivity between Andes and the 
floodplains (Finer and Jenkins, 2012). With these 
examples, we can see that relevant efforts had 
been done to understand the potential impacts 
of dams; but a comprehensive evaluation of the 
applicability of dams, considering the wetland 
functionality and the Andes-Amazon connectivity, 
is still a critical need. 
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Assessing vulnerability under the 
perspective of water resources 

In order to tackle environmental change, 
water managers and policy makers require 
holistic vulnerability assessments integrating 
biophysical and social science at different scales. 
Addressing vulnerability through the principles 
of the Integrated Water Resources Management 

(IWRM) may allow understanding the system, its 
key variables and relationships in a holistic way 
(Mitchell, 2005). According to the Global Water 
Partnership(2003), IWRM is “a process which 
promotes the coordinated development and 
management of water, land related resources 
in order to maximize the resultant economic 
and social welfare in an equitable manner 
without compromising the sustainability of 

Figure 2. Contrast between observed land cover change in 2008 (top) and a land cover change “fragmentation”  scenario for 2050, 
which is the worst scenario in terms of deforestation since road construction, oil extraction, mechanized agriculture and cattle ranch-
ing dominate the economy with little environmental governance (bottom); Main projected and operating dams (top and Bottom), and 
contrast between current road network (top) and projected road network for 2050 (bottom) (from Tejada et al., 2015).
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vital ecosystems”. IWRM makes possible to link 
environmental change with aspects of water 
use, water quality, management, conservation, 
ecosystem functionality, social-cultural values 
and the relevance of institutions relating to water 
(Bellamy JA and Johnson, 2000; Plummer et al., 
2012). It is a broad axis for analysis, it encompasses 
a wide and holistic range of potential impacts 
with many subsystems and particular impacts to 
take into account in function of the scale of study 
and actors perceptions.

It is noticeable that, in the context of global 
environmental change, the relevance of non-
climatic factors is growing concern; initially non-
climatic factors were limited to a socio-economic 
domain, then the term “non-climatic drivers” is 
included accounting for demographic, economic, 
technologic and biophysical drivers (Füssel and 
Klein, 2006). As we saw in previous sections, there 
is much more than climate change threatening 
the Llanos de Moxos. We found that most of the 
initiatives for addressing vulnerability in Bolivian 
lowlands are focused mainly in climate change 
drivers. This means that it is necessary to include 
a wider set of non-climatic factors in order to 
highlight potential aggregated impacts, especially 
when addressing water resources. 

Pertinent socio-economic and physical information 
is required to assess vulnerability. Quantitative 

and qualitative information about water 
ecosystem services are of primary importance. 
Hydrologic-hydrodynamic models together with 
streamflow data may provide spatial information 
about provisioning services. Information for 
regulatory, cultural and supporting services 
is limited, constituting a relative new field of 
research that needs to be promoted. An accurate 
representation of the hydrological-hydrodynamic 
processes may derive in simulations under 
different scenarios of climate change-variability, 
land use and water management, providing the 
possibility to estimate their impacts on water 
ecosystem services.

The socio-political particularities of the 
Llanos de Moxos together with the lack of 
pertinent information, makes vulnerability 
research a challenging task. It demands a clear 
conceptualization, terminology, scope and 
methods to make their results a useful input for 
planning adaptation-mitigation or sustainable 
development. We highlight the helpfulness of the 
concepts and structure of the Integrated Water 
Resources Management for facing vulnerability 
in the Bolivian Amazon wetlands, where the state 
of conservation of its ecosystems constitutes a 
collective heritage.
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Spatio-temporal patterns of forest 
recovery on abandoned arable 
land: fires and plant diversity

Maxim Bobrovsky1 I Larissa Khanina1 

Abstract

Our hypothesis about the extremely important 
role of fires and vegetation surroundings 
in forest succession on the abandoned 
agricultural lands was tested on an example of 
former arable lands surrounded by old-growth 
broadleaf forests in the Kaluzhskie Zaseki State 
Nature Reserve in Russia. Results show that in 
the absence of fire and in the presence of stable 
seed flow of plants inhabiting forest, about 
95% of forest herbaceous species settle on 
former plowed lands in 25-30 years after their 
abandonment; all shade-tolerant trees and 
shrubs also steadily occur in the undergrowth. 
When fires affect abandoned lands, forest 
recovery is delayed for an undetermined time, 
although plant diversity can be higher than in a 
case without fire. When frequency and intensity 
of fire are increasing, the plant diversity begins 
to decrease and then falls sharply.

1 Institute of Physico-Chemical and Biological Problems of Soil Sciences of RAS, Institute of Mathematical Problems of Biology of RAS, Pushchino, 
Moscow region, Russia
Corresponding authors: lkhanina@rambler.ru; maxim.bobrovsly@gmail.com 

Abandonment of agricultural land and 
subsequent natural regeneration to forest is 
happening in many regions in the world. In Russia, 
about 400,000 km2 of agricultural lands were 
abandoned between 1980 and 2000 (Ljuri et al., 
2010); giving room to spontaneous reforestation. 
To predict vegetation development and to 
propose ecosystem management plans, it is 
important to understand that land abandonment 
is not a static end state but a transitional stage 
leading to different pathways of varying intensity 
and long-term outcomes (Munroe et al., 2013).

The main process developing on the abandoned 
agricultural lands is plant succession leading 
to forest vegetation. It is generally known that 
main factors that influence forest recovery are 
previous land use, soil properties and vegetation 
surroundings (Baeten et al., 2010; De Frenne et 
al., 2011; Fridley, Wright, 2012; Hou, Fu, 2014, 
etc.), whereas external influences on the lands 
after abandonment are rarely considered in the 
literature. Our hypothesis is that intensity and 
frequency of external impacts such as grass fires, 

grazing or recreation together with existence 
of steady seed flow of forest plants are very 
important factors defining the recovery process. 

To test our hypothesis we selected a special 
site on the East-European plain located in the 
Kaluzhskie Zaseki State Nature Reserve (Kaluga 
region, Russia), where the absence of fires 
during the last 25 years could be established. 
A huge array of old-growth broadleaf forests 
dominated by Quercus robur, Fraxinus excelsior, 
Acer platanoides, A. campestre, Ulmus glabra and 
Tilia cordata surrounds some plowed fields and 
pastures abandoned at the end of 80s of the 20th 
century due to the proclamation of the Reserve in 
1992 there. Fire and livestock grazing have been 
completely absent on these lands since then. We 
chose these fields as a first study site which we 
consider as a reference point. A second study site 
was former arable land also abandoned in the 
early 1990s where fires of different frequency 
have been observed. This area is situated in 3 
km from the first area, in a place bordering the 
Nature Reserve and also surrounded by old-
growth broadleaf forest. Both areas have sod-
podzolics soils (Albic Luvisols).

We studied plant diversity and spreading of broad-
leaved trees and forest herbs in the study areas in 
2012-2014 (Moskalenko, Bobrovsky, 2012, 2014). 

Our results show that in the absence of fire and in 
the presence of stable seed flow of forest plants, 
about 95% of herbaceous species from nearby 
old-growth forest settle on former plowed lands 
in 25-30 years after their abandonment; all shade-
tolerant trees and shrubs also steadily occur in 
the undergrowth. With fires, forest recovery is 
delayed on the abandoned arable lands for an 
undetermined time, although plant diversity can 
be higher than in a case without fire. 

In the first study area, in the absence of fires, 
we could distinguish the following steps of the 
forest recovery. At first, the pioneer tree species 
Betula pendula and B. pubescens (birch) with Salix 
caprea (willow) full occupy the abandoned arable 
lands. Birch woods with willow pass a first stage 
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of very dense undergrowth, then at a second 
stage thinning occurs, when some tree individuals 
die off and some actively grow. At first stages, 
herbaceous species of meadows and grasslands 
occupy the ground layer of these birch with 
willow woods; they settle after the trees. In 10-
15 years after the land abandonment, the shade-
tolerant broad-leaved trees Fraxinus excelsior, Tilia 
cordata, Acer platanoides, A. campestre and Ulmus 
glabra and shade-tolerant shrubs such as Lonicera 
xylosteum, Euonymus verrucosa, E. europaea and 
Corylus avellana appear in the understorey. 
After that, the shade-tolerant forest herbaceous 
species Asarum europaeum, Pulmonaria 
obscura, Galeobdolon luteum, Stellaria holostea, 
Aegopodium podagraria, Dryopteris carthusiana, 
etc. start to penetrate from the forest margin, 
i.e. the border between the old-growth broadleaf 
forest and the abandoned plowed field. In 
the study area, range dispersal of most forest 
herbaceous species was 50-70 m from the forest 
margin; the maximum range was about 120 m. In 

the next 10-15 years, shade-tolerant herbaceous 
species win in competition for light with grasses 
and other light-demanding species and begin to 
dominate in the ground layer in the area closed to 
the old-growth forests with dense undergrowth 
of the broad-leaved trees. Thus, 25-30 years after 
the beginning of forest recovery, the area within 
100 m from the forest margin is covered by a 
25-30-years birch forest with dense undergrowth 
of all broad-leaved trees and well-developed 
ground layer consisting of shade-tolerant forest 
herbaceous species (Fig. 1A). At a distance of 
over 100 m from the forest margin, there is the 
same birch forest dominated by 25-30 years old 
Betula spp. in the overstorey, but with sparse 
undergrowth of broad-leaved trees and light-
demanding meadow and grassland species in the 
ground layer; we registered 44 vascular species 
per 100 m2 there. In the area bordering the old-
growth forest, we registered 36 vascular species 
per 100 m2, i.e. plant diversity decreases when 
forest herbaceous species begin to dominate. 

A

Figure 1: Vegetation on the former arable lands in the Kaluzhskie Zaseki State Nature Reserve in 25 years after the abandonment. A- Birch 
forest developed without fires and located within 100 m area bordering the old-growth broadleaf forests dominated by Quercus robus, 
Fraxinus excelsior, Acer platanoides, A. campestre, Ulmus glabra and Tilia cordata. B- Grassland showing a decrease in plant diversity per 
area due to frequent and intense fires
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Figure 2: Biotops in the Zaokskii Section of the Serpukhov district located in the south of Moscow region

When fires affect abandoned lands, tree growth 
is delayed or terminated whereas plant diversity 
may be even higher than diversity of vegetation 
developing without fire. Various scenarios can be 
realized in depend on time of fires, its intensity 
and frequency. When grass fires are rare and do 

not extend to large areas, some tree individuals 
can survive and light-demanding species can grow 
together with shade-tolerant ones due to light 
mosaic created by fire. In this case, total plant 
diversity increases: in the second study area, we 
registered about 50 vascular plants per 100 m2 
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in cases of small number of fires. However, when 
frequency and intensity of fire are increasing, the 
plant diversity begins to decrease and falls to a 
few species per 100 m2 (Fig. 1B). 

Similar research is now being conducted in the 
south of Moscow region where spatial mosaic 
of lands is different from the mosaic which we 
observed in the Kaluzhskie Zaseki Reserve. There 
are large areas of the abandoned arable lands 
which totally comprise 40% of the area and 
only 1.8% of them were not affected by fires 
(Fig. 2). Abandoned lands without trees or with 
single trees prevail on vast areas due to grass 
fires which are typical in the region in spring; 
and middle-aged forests dominated by birch, 
aspen (Populus tremula), Quercus robur or Tilia 
cordata occupy relatively small parts of the study 

area (20% in total). Analysis of the map showed 
that small rivers and streams do not prevent 
the spread of fire, but forests are too humid to 
prevent fire spread and to provide real protection 
of lands. The objectives of this research are to 
study features of forest recovery and to estimate 
plant diversity under conditions of large areas 
affected by fire, and remoteness from forest 
species sources. The study should provide a base 
for ecosystem land-use management for this 
area, accounting of different scenarios of land 
development, its spatial structure and input to 
the ecosystem processes. 

The work is partly supported by the Russian 
Foundation for Basic Research (projects Nos. 12-
04-01734, 14-44-03666 and 15-29-02724).
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Land cover change and its 
implication for the sustainable 
management of West African 
water resources 

Jörg Helmschrot1 | Heou Maléki Badjana2,3 | Emma Patricia Kabore/
Bontogho2

Abstract

Ongoing land use changes which are primarily 
driven by population growth and associated 
demands for food and energy production as 
well as changing climate pattern in West Africa 
are considered to vastly affect hydrological 
dynamics such as runoff generation or 
groundwater recharge. To contribute to a 
better understanding of these dynamics, we 
present our findings from three reference 
catchments in Burkina Faso, Benin and Togo. 
Our study reveals that 35% up to over 50% of 
savannah was severely degraded over the last 
three decades. However, no significant changes 
in runoff pattern were observed yet for any of 
the three basins which is in contrast to other 
studies in the region. We argue that slightly 
decreasing rainfall, farm dams and irrigations 
schemes which have been recently established 
as well as a growing domestic water use seem 
to counteract increasing discharges. These 
interacting dynamics underpin the need for 
integrated research to povide science-based 
information to water resources managers.

mechanisms, and thus support flood generation 
and reduce baseflow. On the other hand, the 
expansion of agricultural area and the reduction 
of tropical forests will presumably increase 
evapotranspiration (e.g. irrigation agriculture) 
and possibly alter groundwater dynamics, all 
affecting local climates and biodiversity in a 
long-term perspective. However, tremendous 
land use changes generally do not offset the 
hydrological effects of climate change (e.g. 
Ibrahim et al., 2015). Given the relevance of land 
management and climate change, the monitoring 
and assessment of such dynamics are essential for 
water resources managers and decision makers. 

We studied land cover changes over the last 
30 years in various West African reference 
catchments, in order to provide reliable data and 
information on land use pattern and its change 
at catchment scale. The information is not only 
being used for hydrological modelling efforts to 
assess the impacts of such changes on runoff and 
evapotranspiration, but also to inform interested 
stakeholder, planers and decision makers on 
potentially immediate impacts at local and 
regional scale. 

Case studies in Burkina Faso, Benin 
and Togo 

Study Areas, Data and Methods

To assess land use distribution as well as changes in 
West Africa, our study has been conducted in three 
study basins in Burkina Faso (Massili Basin: 2.612 km²), 
Benin and Togo (Kara River Basin: 5.287 km², Binah 
River Basin: 1.044 km²). All study basins are located 
in the savannah ecological zone and characterized 
by a tropical climate with a rainy season from May/
June to October with highly variable rainfalls and a 
dry season during the remaining period of the year. 
The mean annual rainfall varies between 700 mm 
and 900 mm in the Massili Basin while about 1250 
mm were observed in the Kara and Binah Basins. 
The population in the region is mostly rural, thus 
relies on subsistence agriculture.

1 University of Hamburg, Germany; 2 University of Abomey-Calavi, Benin; 3 University of Lome, Togo
Corresponding author: Dr. Jörg Helmschrot, Biocentre Klein Flottbek, University Hamburg, Ohnhorststr. 18, 22609 Hamburg, Germany, Ph/Fax: +49 40 
42816 673/539, 
Corresponding author: joerg.helmschrot@uni-hamburg.de

Introduction

In previous years, most West African countries 
have experienced considerable land-use 
changes through deforestation in combination 
with agricultural expansion, overgrazing and 
conservation (e.g. Li et al., 2007, Wittig et al., 
2007). In addition, changing climate pattern 
(e.g. Kabore/Bonthogo et al., 2015a,b; Badjana, 
2015) and an increasing population caused by 
migration and high fertility rates (e.g. World Bank, 
2011) accelerate the pressure on vulnerable 
ecosystems across West Africa. These changes 
are expected to have immediate and long-term 
impacts on the local and regional water cycle (e.g. 
Cornelissen et al., 2013, Mahe et al., 2005, Routier 
et al., 2014). For example, ongoing deforestation 
of savannah along with projected rainfalls of 
higher intensities may affect runoff generation 
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For the analysis and assessment of changes in land 
cover and land use, multi-temporal Landsat data 
sets covering selected periods over the previous 
30 years were examined. A set of Landsat scenes 
was acquired for the Massili Basin representing 
the years 1990, 2002 and 2013. Landsat images 
were also selected for the Kara River Basin (1972, 
1987 and 2000) and for Binah River watershed 
(1972, 1987 and 2013). All imagery was provided 
through the Global Land Cover Facility’s (GLCF) 
website and the USGS LandsatLook Viewer. The 
land cover classification was performed using 
object-based image analysis which was supported 
by historic maps and field data. Post-classification 
change analysis was used to assess changes in 
land cover between different dates.

Results and Discussion

The analysis of the classification results clearly 
show that savannah vegetation dominated the 
landscape in all three study areas at the beginning 
of the respective time series. In 1972, 71 % of 
the Kara River Basin and 68 % of the Binah River 
Basin were identified as savannah vegetation and 
forest covered  about 9 % and 16 % resp. A similar 
pattern was found for the Massili River basin at 
the beginning of the time series in 1990 when 
69 % of the basin were classified as savannah, 
followed by farm and fallow land (22 %). Gallery 
forest (4 %), settlement (3 %), bare soil (1 %) and 
water bodies (1 %) were less dominant in the 
watershed (Fig.1). 

In all the three basins, savannah has undergone 
severe changes, mainly due to agricultural 
expansion. In the Kara River Basin, the results 
show an increase in agricultural land from 19 % 
in 1972 to 26 % in 1987 and 43 % in 2000 while 
the area of savannah decreased to less than 45 
% of the catchment in 2000. In the Binah River 
watershed, only 33 % of catchment remained 
as savannah  in 2013, while agricultural land 
has significantly expanded from 15 % (1972) 
to 24 % in 1987 and 43 % in 2013 (Fig.2). Some 
smaller areas of cultivated land were converted 
to savannah which is caused by the common 
fallow agriculture. The land cover assessment 
for the Massili River Basin showed that between 
1990 and 2002 about 33 % of savannah was 
converted to cultivated land which covered 54 % 
of the basin in 2002. At lower conversion rates, 
this trend was continuing to 2013 when 27 % of 
the watershed were identified as savannah and 
59 % as agricultural area (Fig.1). However, the 
results indicate that the extensive cultivation of 
savannah started more than a decade later in the 
drier Massili Basin (Burkina Faso) compared to the 
two catchments in Togo and Benin. 

Besides these large-scale land use changes, 
additional, but less dominant conversions were 
found in all three catchments. Those are either 

caused by ongoing degradation of forests or in 
some cases conservation efforts  like reforestation 
(Badjana et al., 2014, 2015). For example, vast 
awareness-raising campaigns of reforestation 
and projects of protected areas rehabilitation in 
Togo led to the reforestation of woody savannah 
which increased from 1,000 ha in 2002 to more 
than 3,000 ha in 2008 (MERF 2002, 2008). 

As shown in all case studies, there is a significant 
conversion of vegetation especially savannah to 
agricultural land which is strongly related to the 
increase of population. In fact, during recent 
decades, there has been a significant population 
growth throughout the region (López-Carr et al., 
2014) leading to an increasing demand for food 
and energy. The expansion of agricultural land 
is the main strategy to secure sufficient food 
production, and the need for energy, i.e. mainly 
charcoal and firewood, notably adds to the 
devastation of woody vegetation. Although some 
recent case studies refer to the impacts of climate 
change on vegetation, the main changes in land 
cover are generally socio-economically driven, i.e. 
population growth and the associated demand 
for food and energy are the major drivers. Our 
results also reveal that the changes in land use 
have a similar spatial dimension in all catchments, 
but vary regarding the beginning of vast land 
conversion which confirms that land use changes 
are rather human-driven in these basins. 

Implications for water resources and 
its management

Various studies have demonstrated that the 
transition of savannah to agricultural land, 
deforestation, thinning and overgrazing affects 
runoff generation. As stated by Li et al. (2007) 
for the Niger and Chad Basins, the hydrological 
response to large-scale land cover change is non-
linear and exhibits a threshold effect, i.e. little 
impact on the water yield and river discharge can 
be observed as long as deforestation (thinning) 
percentage remains below 50 %. Any exceeding 
of this threshold is expected to significantly alter 
the runoff pattern. Li et al. (2007) simulated 
that a complete removal of savanna results in 
an increase in annual streamflow by 33–91 %. 
Similar results are presented by Cornelissen et al. 
(2013) who compared four model applications 
in the Ouémé catchment, Benin. They found 
that an expansion of cultivated area by 30 % will 
significantly increase discharge and, in particular 
surface runoff.

When transfering these findings to our reference 
basins, the loss of savanna exceeding these 
thresholds in all basins refers to significant 
changes in runoff generation during recent 
decades. As argued by Giertz et al. (2005) for the 
Aguima catchment (Benin), lower infiltration rates 
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Figure 1: Land cover change in Massili basin, Burkina Faso between 1990, 2002 and 2013.

and altered storage capacities of the soils along 
with more intense rainfall events as found for 
the Massili Basin (Kabore/Bonthogo et al. 2015) 
may cause stronger surface runoffs on arable 
lands, and thus may support flood generation. 
On the other hand, given that this water is rapidly 
transfered through surface runoff, it will only 
shortly be available for agricultural purposes 

or domestic use. Thus, the establishment of 
small dams, the intensification of agricultural 
production as well as increasing land cultivation 
are strategies to ensure food production in 
West Africa (Sakurai, 2006). Since no significant 
increase in discharge was observed yet for any 
of the three basins, slightly decreasing rainfall, 
farm dams which have been recently established 
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along with agricultural expansion as well as a 
growing domestic water use seem to counteract 
increasing discharges over the previous 30 years 
(e.g. Kasei, 2009). However, little attention was 
given to other economic and environmental 
implications of these dynamics as for example 
the impact on yields and markets or investments 
in infrastructures like dam constructions or 
irrgiation schemes. Such developments underpin 
the need for integrated research taking these 
interacting dynamics into account, all in order to 
provide reliable information and assessments to 
assist decision makers and planners accordingly. 

Conclusion and further needs

The observed changes in land cover and land 
use have many consequences on natural 
systems including the loss of biodiversity, the 
degradation of physical and chemical properties 
of soil, alteration of hydrological processes and 
the reduction in ecosystem productivity and 
services. Under the ongoing population growth, 
agricultural expansion and the vulnerability of 
the region to climate change, there is a need to 
develop and support integrated land and water 
resources managements plans in order to support 
future water security and food production.
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Figure 2: Degraded savannah in the Binah River Basin in Togo (Photograph: Badjana, 2013)
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Global change and sustainable 
development

Growing demand for natural resources and 
releases into the environment have generated 
significant negative global impacts: climate 
change, soil degradation, ecosystems decline 
and degradation, biodiversity loss, air and water 
pollution, to mention some of the main current 
environmental issues (UNEP, 2012). It has now 
become clear at both national and international 
levels that natural capital consumption and 
pollutions of the ecosystems must be lowered to 
naturally sustainable levels for current and future 
generations. The on-going negotiations on the 
Sustainable Development Goals at the United 
Nations reflect the increasing consideration of 
environmental dimensions in global policy targets 
for human development.

This paper presents an approach based on 
the concept of Planetary Boundaries, which 
allows identifying limits for global Earth system, 
translating them at the national level and assessing 
environmental performances of countries. It will 
focus on the specific Planetary Boundary related 
to land cover and on its application to the case of 
Switzerland. It is based on the results of a study 
commissioned by the Swiss Federal Office for the 
Environment (Dao et al., 2015).

The Planetary Boundaries perspective 
on land cover

The Planetary Boundaries concept (Rockström et 
al., 2009; Steffen et al., 2015) provides a natural 
science based approach for the definition of 
sustainable levels of environmental impacts. 
Unlike the Ecological Footprint, which converts 
various resources consumptions and pollutions 
into one single normalized measure of land 
area, the Planetary Boundaries are a set of nine 
distinct bio-physical limits of the Earth system 
that should be respected in order to maintain 
conditions favourable to human development. 
Crossing the suggested limits would lead to a 

drastic change in human societies by disrupting 
some of the ecological bases of the current socio-
economic system.

The most known Planetary Boundary is Climate 
Change but other global limits have been 
identified: Ocean Acidification, Stratospheric 
Ozone Depletion, Nitrogen and Phosphorus 
Losses, Atmospheric Aerosol Loading, Freshwater 
Use, Land Cover Anthropisation, Biodiversity 
Loss and Chemical Pollution (note : these names 
are the one used in Dao et al. (2015), they differ 
slightly from Rockström et al. (2009) and Steffen 
et al. (2015).

To measure the actual environmental 
impacts of countries, footprints - also known 
as consumption-based or demand-based 
indicators – are a necessary complementary 
perspective to the classical territorial indicators. 
In our interlinked global economy (Friot, 2009) 
a rising part of the impacts on a territory is in 
fact generated to satisfy consumers in other 
countries. Territorial indicators consider 
impacts occurring on the territory of a country, 
e.g. the forest cover changes as reported in 
FAO statistics. Footprints aggregate impacts 
along global production-consumption chains 
according to a life cycle perspective. They 
allow quantifying the environmental impacts 
induced by the consumption of the inhabitants 
of a country wherever these impacts occur 
on Earth, e. g. the forest areas cleared in the 
tropics for the production of palm oil consumed 
in Western countries.

Tukker et al. (2014) show in the “Global Resource 
Footprint of Nations” that the EU has a significant 
share of its carbon, water and land footprints 
on the rest of the world. A study by Jungbluth 
et al. (2011) showed that more than half of 
the environmental impacts caused by Swiss 
consumption occur abroad, a share rising from 
1996 to 2011 (Frischknecht et al., 2014). Other 
countries like Brazil or China are, on the contrary, 
providing their resource base to other countries 
(Tukker et al., 2014).
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This article focusses on the specific Planetary 
Boundary related to land cover. Land cover is 
usually considered a regional issue rather than 
a global one, since changes occur at a local 
or regional scale. A planetary perspective can 
however be adopted when considering how land 
cover changes affect the global Earth system, in 
particular through their impacts on climate change 
(UNEP, 2012) as well as on global biodiversity. 
In this study, the objective of the Planetary 
Boundary Land Cover Anthropisation is to avoid 
irreversible and widespread conversion of biomes 
to undesired states by limiting the expansion 
of anthropised areas (through deforestation, 
cultivation and soil sealing). The focus is climate 
change impacts, biodiversity being covered by 
another Planetary Boundary, Biodiversity Loss.

Methodology

As for the other Planetary Boundaries, the 
following questions structured our approach of 
Land Cover Anthropisation (Dao et al., 2015):  

1. What relevant indicators and limits can be 
computed for the world & for Switzerland ?

The indicator and global limit were chosen 
on the basis of literature review and experts 
consultations (one major workshop with more 
than 40 participants and 5 meetings with a more 
limited numbers of experts). The final indicator 
was selected with respect to its relevance for 
depicting the Planetary Boundary, as well as to the 
availability of data on limits and footprints. The 
data sources used for Land Cover Anthropisation 
are as follows (Table 1):

2. How to allocate a fair share of the limits to 
each country ?

We applied a hybrid-allocation approach. First 
the global limit is allocated to countries based 
on an “equal share per capita” calculation, 
i.e. by dividing the global limit by the global 
population at a given reference date. The 
share of the resources available per country is 
fixed from this date. Then the national limit is 
allocated to people, through time. Thus the per 

capita limit takes into account the demographic 
dynamics (e.g. it might diminish as national 
population grows).

3. How to assess performances ?

The global footprint is computed on the basis of 
the same data as for the limit (see Table 1). The 
Swiss footprint is computed from a proprietary 
environmental database from the Swiss Federal 
Office for the Environment (implemented in the 
SimaPro 7.3 software, www.simapro.co.uk/), 
based on official Swiss territorial data and 
modelled data for imports and exports (ecoinvent 
2.0 data, www.ecoinvent.org). Life Cycle Impact 
Assessment approaches are then used to convert 
this inventory into values which are compatible 
with the computed limits when required.

In order to assess the sustainability of the 
footprints at the global and national levels, four 
categories of performance are defined (Figure 1). 
The global and Swiss scores are first computed as 
the ratio of the footprint over the limit, allowing a 
quantitative  distinction between overshoots and 
no overshoots situations. Then, taking into account 
the uncertainty and the trend of the footprint, 
the categories are further separated into four 
categories based on a qualitative assessment:

Indicator and limits

The global limit for Land Cover Anthropisation 
is set in terms of the surface of anthropised land, 
i.e. agricultural and urbanised (sealed) land, as 
percentage of ice-free land (water bodies excluded). 
This indicator has been preferred to forested 
areas, because better data are available (e.g. 
time series on agricultural land per country from 
FAO) and the anthropised surface can be linked 
to human activities (i.e. footprints). The selected 
indicator can be understood as a rough proxy for 
albedo and for carbon storage.

The theoretically acceptable share of anthropised 
land cover is set based on two policy objectives: (a) 
a stable surface of urban area per capita until 2050, 
resulting in an estimated additional share of urban 
area of 0.8% (from 1% to 1.8% of the global area) 
by 2050, and (b) a respect of the call published 

Data Data sources Units

Cropland area FAOSTAT http://faostat.fao.org ha x 1 000

Ice and permanent snow GlobCover (300m spatial resolution)
23 land cover 

classes

Urbanized land http://due. esrin.esa.int/globcover Binary values

National (territorial and footprint) land use Global 500m MODIS map of urban extent m2 x year

National population (1990 - 2050) - UN 
medium

Schneider et al., 2009 Inhabitants

World population (1990 - 2050) - UN 
medium

Frischknecht et al., 2013 Inhabitants

Table 1: Land Cover Anthropisation: data sources for global values.
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Performance Score Confidence in score Trend

Clearly Unsafe

Large overshoot High Rapidly deteriorating

Small to medium 
overshoot Medium to low Rapidly deteriorating

Unsafe

Small to medium 
overshoot Medium to low Slow evolution

No overshoot Medium to low Rapidly deteriorating

Safe No overshoot Medium to low Slow evolution

Cleary Safe No overshoot High Slow evolution

Figure 1: A performance defined with four categories. (Dao et.al. 2015)

Figure 2: Land Cover Anthropisation: global and Swiss performances. (Dao et.al. 2015)

by UNEP (Trumper et al., 2009) to cut the current 
global deforestation rate by two until 2050 and to 
stabilise beyond, resulting in a maximum additional 
loss of forest cover of 1% by 2050.

The current anthropised land is computed as 
16’669’000 km2 for 2010, i.e. 12.9% of the global 
land cover (based on data from FAOSTAT and 
Schneider et al. (2009). The global limit is hence 
set at 15% of the global land cover (13% + 0.8% 
+ 1%), i.e. 19’362’000 km2 (2’800 m2 per capita in 
2010). (Schneider et al., 2009) 

The Swiss share of the global anthropised land 
cover is defined relatively to the Swiss share of 
the global population at the reference year 2010, 
i.e. 0.113%. The year 2010 has been selected 
because it is the year of the Global Forest 
Resource Assessment by FAO (FAO, 2010). The 
resulting yearly limit for Switzerland is 21’900 
km2. The limits are fixed for 2010, hence the per 
capita limits evolve according to the yearly global 
and national populations.

Current performance

The global footprint for the Planetary Boundary 
Land Cover Anthropisation (Figure 2) is 
16’669’000 km2 for 2010, 14% below the global 
limit (19’362’000 km2). The Swiss footprint is 

17’600 km2 in 2011, 20% below the limit (21’900 
km2). The evolution is however different: the 
evolution of the global footprint is slow but the 
evolution of the Swiss footprint is rapid. The 
global performance is thus qualified as Safe while 
the Swiss performance is qualified as Unsafe.

Discussion

The limit for Land Cover Anthroposation is 
currently neither crossed globally nor for 
Switzerland (contrary to other Planetary 
Boundaries studied in Dao et al. (2015) such as 
Climate Change, Ocean Acidification, Biodiversity 
Loss or Nitrogen Losses). Assuming a future global 
growth rate of the global footprint equivalent 
to the average growth rate of the last 15 years 
(0.3%), the global limit will be reached in 45 years. 
The Swiss footprint is growing much more rapidly 
than the global footprint. At the average growth 
of rate over this period of 1.7%, the Swiss limit 
will be attained in less than 10 years. In 2011, the 
largest share of the Swiss footprint was occurring 
outside of Switzerland (see Figure 3).

Conclusion

The production of Planetary Boundaries 
indicators adapted to the national context of 
Switzerland is the second attempt of this kind 

Confidence in score Medium Medium

Trend Slow evolution Rapidly deteriorating

Performance Safe Unsafe

World Switzerland
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Figure 3: Anthropised Land Cover (in km2) - Swiss footprint. (Dao et.al. 2015)

after Sweden (Nykvist et al., 2013). The proposed 
indicators (limits and footprints) are not policy 
targets per se, they provide an indication of the 
ecological sustainability of the impacts induced 
by the consumption of a country, in a long-term 
global perspective.

A current extension of the project is computing 
the limits and footprints for 40 additional countries 
representing 95% of the global GDP (http://bluedot.
world). Future developments include refinement 
of the country allocation methods in order to take 
into account territorial specificities (demographic 
composition, economic situation, etc.).

The results from this study contribute to the 
scientific knowledge on global environmental 
processes that could be needed for setting policy 
targets and operational measures at a later stage. 
The Planetary Boundaries concept originated in 
Europe, it is referred to in several national and 
European policy documents, but it needs to gain 
wider recognition in the global policy arena. 
As more case studies are published, it should 
contribute to the discussions on Sustainable 
Development Goals, as a scientific perspective 
complementary to negotiated targets.
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Abstract

It is estimated that the human footprint has 
affected 83% of the global terrestrial land 
surface. Land use and land cover (LUCC) 
change has been the most visible indicator of 
the human footprint and the most important 
driver of loss of biodiversity and other forms 
of land degradation. Recent trends on global 
demand for food and bio-energy change (which 
are closely linked to food and energy price 
spikes and volatility) have raised concerns on 
the impact of LUCC change on biodiversity and 
other environmental impacts. This paper aims 
to assess the LUCC change. Also, it explores 
factors which could be addressed to ensure 
sustainable development in the context of 
land use planning and management.  In terms 
of methodology employed, secondary data 
(which are largely qualitative in nature) have 
been analyzed in a descriptive manner. The 
paper concludes that integrated economic, 
geographic and ecological models are required 
to capture the multiple drivers of LUCC and 
objectives of ecosystems.

Introduction

Land use and land cover (LUCC) change has been 
the most visible indicator of the human footprint 
and the most important driver of loss of 
biodiversity and other forms of land degradation 
(Sanderson E. W. et al, 2002). Recent trends on 
global demand for food and bio-energy change 
(which are closely linked to food and energy 
price spikes and volatility) have raised concerns 
on the impact of LUCC change on biodiversity 
and other environmental impacts (Balmford A. 
et al, 2002). This paper aims to assess the LUCC 
change and explores factors which could be 
addressed to ensure sustainable development. 
In broader terms, it (a) explores what science 
tells us about LUCC change, and (b) analyzes land 
management programs and the effectiveness of 
market-based instruments. 

Land use and Land Cover (LUCC) 
Change – Some Reflections

Forest trends across the regions of the globe are 
driven by economic development, government 
policies and other socio-economic factors. In the 
past two decades (1990-2010), forest density has 
increased globally while forest extent has slightly 
decreased by 0.2% per year in 1990-2000 and 
by 0.1% in 2000-10  which gives hope for more 
sustainable land use in the years and decades to 
come. (Santilli, M. et al., 2003). Overall, forest 
density and extent has increased in high income 
countries and generally declined in low income 
countries. The increased density of forests has 
been responsible for substantially increasing 
sequestered carbon in Europe and North America 
over the past 20 years, according to a recent 
study. Forested areas in 28 Europe countries 
and 21 Asian countries grew by over 4% and 
around 2% respectively. There was, however, 
little change to the area covered by forests in the 
North American region. For countries in Europe 
and North America, there have been significant 
increases in the density of forests in addition 
to slight increases in forest areas (European 
Comission, 2011). 

Nevertheless, a key challenge will also be to fill 
yield gaps  with a global food demand expecting 
to increase by 70 to 110 percent by 2050.  The 
yield gap (or yield ratio), defined as the ratio of 
the dividend yield of an equity and the yield of 
a long-term government bond, is another areas 
of concern in this context. The yield gap remains 
wide in SSA (Sub – Sahara Africa) and other 
developing countries. This requires investment 
to address constraints which contribute to 
low agricultural productivity, which include 
poor market infrastructure and generally low 
investment in agriculture (Kuhn A., 2003). 
Furthermore, the choice of land use and decisions 
to change it are influenced by a combination of 
many factors, such as:

a) size of the household, 

b) age, gender, 
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c) education, 

d) employment, 

e) attitudes, 

f) values and personal traits of household members, 

g) site-specific conditions, 

h) transportation cost, 

i) profits, 

j) competition, 

k) costs of production, 

l) product prices, 

m) public and private financial support,

n) land-management practices, 

o) land tenure, and 

p) land ownership. 

Biodiversity

Biodiversity provides a variety of ecosystem 
services, which, for a long time, have been 
ignored or undervalued. Greater biodiversity 
ensures more stable and resilient ecosystems. The 
Chennai Declaration states that biodiversity must 
be conserved because it is the raw material for 
food and health nutrition and provides material 
for biotechnology industry (Koohafkan P. and M 
A. Altieri., 2011). Hence changes in the abundance 
and diversity of species may have serious impacts 
on human welfare. For example, in many rural 
communities from developing countries, up to 
80% of people rely on wild flora and fauna for 
health care and wild meats provide 30-80% of 
their protein (Nasi R., A. Taber and N. van Vliet, 
2011). Realizing the rapid loss of biodiversity 
and its potential impact on ecosystems and 
consequently human welfare, 193 of the 194 
countries in the world are signatories of the CBD 
(Chomitz K., 2004). 

Biodiversity is strongly related to forests, and 
its protection to the establishment of protected 
areas. Globally, protected area increased by 
38% in 2010 from its level in 1992. Despite the 
impressive increase in protected area, loss of 
biodiversity remains quite high since biodiversity 
is naturally developed over a long time and 
therefore increase in protected area cannot lead 
to immediate increase in biodiversity – at least in 
the short-run (McCarlla A. and C. Revoredo, 2001).

Bio-Energy

The extent of land use changes that are caused 
by large-scale bio-fuels production has generated 
a great deal of debate within the energy and 
environmental policy and research communities. 
A recent study showed that of the 203.4 million 

ha of land acquired globally since 2000, 66% was 
obtained from Africa and that of the 71 million 
ha verified by the study, 40% were acquired 
for bio-fuel production while only 25% was for 
production of crops for food, 3% for livestock 
production and 5% for non-food crops such as 
cotton (Anseeuw, W. et al, 2012). 

Managing Competing Demands 
for Land – Reflection from Brazil, 
Democratic Republic of Congo (DRC) 
and Indonesia:

Brazil accounts for 13% of the 2010 global 
forest extent of 4,033.06 million ha while DRC 
and Indonesia respectively account for 4% and 
2% of the global forest extent (Foster V. and 
C. B. Briceno-Garmendia, 2010). The Brazilian 
agricultural sector has been a unique example; its 
contribution to the GDP has increased from 5% in 
2006 to 6.1% in 2010 (World Bank, 2011) while its 
deforestation rate has fallen dramatically. Brief 
description of land use in the Brazilian Amazon is 
presented in Box – 1. 

Democratic Republic of Congo (DRC), on the other 
hand, is home to the largest rainforest in Africa. 
With 68% of its land area under forest, the country 
accounts for 34.6% of the region’s carbon stock 
(Baccini, A. N., et al, 2008). Furthermore, forest is 
the largest land use type in Indonesia. The extent 
of forest in Indonesia covers about 53% of land 
area and Indonesia has the third largest tropical 
forest. The agricultural sector, which contributes 
16% of the GDP (Anderson, K. and S. Nelgen, 
2012) covers only 22% of the land area.

Policies at National and International 
Levels

Policies both at national and global level have 
a large influence on LUCC. Recent studies have 
shown that increasing food prices have prompted 
importing countries to change their trade policies 
to protect consumers while exporting countries 
have changed trade policies to the benefit of 
producers. The impact of the price change due 
to such policies could be felt through the price 
impact on LUCC and through the direct impact. 
Minimizing the negative impacts of country-
level policies on global or regional community 
requires a global action through the World Trade 
Organization and other forms of international 
cooperation (Yatich, T., A., 2008). 

Summing up

Integrated economic, geographic and ecological 
models are required to capture the multiple 
drivers of LUCC and objectives of ecosystems. For 
example, ecological economic models can combine 
ecology and economic principles to determine 
land allocation to biodiversity, agriculture, forests 
and other anthropogenic ecosystems. 
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Land Use in the Brazilian Amazon

In the past three decades, land use in the 
Brazilian Amazon has been characterized 
by the intense exploitation of natural 
resources which has resulted in a mosaic of 
human-altered habitats without effectively 
improving quality of life and income 
distribution for the local population. About 
17 percent of the Amazon forest has been 
converted to other land uses in the past 30 
years. Most of this area has been transformed 
into low-productivity pastures. As stated 
above, this trend is however being slowed 
down thanks to better land governance and 
economic transition. 

Source: Food and Agricultural Organization 
(2008)

Land Tenure and Resource 
Governance  in Democratic 
Republic of Congo

Poor resource governance has been both 
the cause and result of conflict, instability, 
and poverty in Congo for more than a 
century. Improving the governance of the 
country’s significant natural resource base 
is critical to achieving greater prosperity, 
sustaining it, and ensuring that it benefits 
the nearly 65 million people living there. But 
better resource governance is an enormous 
challenge, demanding vision and leadership 
from government leaders at all levels.

Source:  USAID (2014).
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Side effects of green technologies: 
the potential environmental 
costs of Lithium mining on high 
elevation Andean wetlands in the 
context of climate change  
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Abstract

Lithium-based batteries are the key component 
of booming green technologies, including 
hybrid electric, plug-in hybrid electric and 
battery electric vehicles. Nearly 80% of the 
global lithium resources are located in the 
subtropical “Puna” highlands of Argentina, 
Bolivia and Chile. In these arid ecosystems, most 
biodiversity is related to wetlands: this highly 
valuable biodiversity includes the emblematic 
native camelids, flamingos, and a rich variety 
of endemic plants, and other animals. Climatic 
trends during the past decades, and future 
climate models suggest persistent drying 
tendencies. As other mining operations, lithium 
exploitations of salty flats require relatively 
large amounts of water. We discuss the research 
questions and priorities to preserve these 
valuable ecosystems in the context of growing 
potential conflicts for the use of water.

Global lithium production has recently boomed 
in response to growing demand for rechargeable 
lithium batteries. These applications are 
associated to technological innovations such us 
hybrid electric, plug-in hybrid electric and battery 
electric vehicles; which are mostly branded as 
“green” alternatives to conventional technologies 
because they reduce CO2 emsisions, and release 
comparatively little polutants (Desselhaus and 
Thomas 2001). Lithium-ion batteries outstand 
as one of the most promising energy storage 
technologies (Scrosati and Garche 2010). 
Harvesting lithium from brines in salt flats only 
requieres solar energy (Armand and Tarascon 
2008). However, given the low concentrations 
of lithium in brines it is estimated that for each 
ton of extracted lithium around two million liters 
of water are evaporated. Brine desiccation to 
obtain lithium causes a decrease of the base level 
of groundwater in the basin, thus reducing fresh 
water outside the edges of the salt flats, affecting 
the functioning of lakes and associated peatbogs 
(Gallardo, 2011).

1 Instituto de Ecología Regional, University of Tucuman
Corresponding author: aeizquierdo@gmail.com

Figure 1: Location of the three salt flats that limits the “lithium 
triangle” in the northern Chile, northwest Argentina and south-
west Bolivia.

Lithium reserves are concentrated in northern 
Chile (7.5 million tons), northwest Argentina 
(6.5), southwest Bolivia (5) and western China 
(5.4) (USGS 2015). The most economically and 
energetically viable resources for lithium-ion 
batteries (LIB), are located in the “lithium triangle” 
of the Central Andean Dry Puna of Bolivia, Chile 
and Argentina, (Figure 1). The Dry Puna is a 
biodiversity hostpot (Myers 1988) with high levels 
of endemism, unusual ecological or evolutionary 
phenomena, and global rarity of major habitat type 
(Olson et al., 2002).While historically the region has 
been affected by grazing; presently climate change 
combined with tourism and mining prospects are 
the main threats of biodiversity and hydrological 
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function.   Although revious studies of our research 
team in Northwestern Argentina showed a decrease 
of human population and livestock during past 
decades (Izquierdo and Grau 2009), simultaneously 
with an increase of wildlife populations (e.g. 
vicuñas); this relatively favorable situation for 
biodiversity conservation with decreasing conflicts 
with human activities could be reversing. Future 
climate change scenarios identify high-elevation 
ecosystems among the most vulnerable (Bensiton 
et al 1997), and the combination of global markets 
and domestic policies suggest that mining will 
expand rapidly in the region, in particular lithium 
extraction (Figure 2A).

Water is the main limiting ecological factor in 
this region, and wetlands are key functional units 
(Figure 3). Peatbogs contribute a significant 
proportion of primary productivity, maintain 
vertebrate populations, and regulate hydrological 
resources, sometimes affecting urban and 
agricultural areas downstream. Vegetation 
communities of the region are dominated by 
species of the family Juncaceae (Oxychloe 
andina and Distichia muscoides), Cyperaceae 
(Eleocharis, Phylloscirpus), and several species 
of Poaceae. These plants occur in large sponge-
type ecosystems called “bofedales”, “vegas” or 

peatbogs, with waterlogged and marshy soils, 
where biodiversity productivity is concentrated. 
Lakes and lagoons present different salinity range, 
related to evapotranspiration rates and mineral 
substrate, where particular aquatic plants grow, 
e.g. Isoetes, Myriophyllum, Lilaeopsis, Halophytic 
plants such as Distichlis humilis, Sarcocornia 
sp. are commonly found in salty shores. Vegas´ 
plant communities, showed approximately 
25% of endemisms recorded for Laguna Blanca 
Reserve, Catamarca (Argentina) (e.g. Arenaria 
catamarcensis, Festuca argentinensis; Borgnia 
et al. 2006), where was recorded c. 34 especies 
of vascular plants, similar to Chile (Peñaloza et 
al. 2013) and Bolivia’s “bofedales”, also with 
comparative shannon diversity index (2.1 in 
average. Domic, 2014).  In addition, these wetlands 
present high diversity of macro invertebrates 
and zooplancton, which are a vital component of 
freshwater ecosystems as they contribute to the 
process of organic matter while serving as food 
for other organisms such as fish and amphibians 
(Nieto et al 2015). 

South American camelids, Vicuñas (Vicugna 
vicugna) and guanacos (Lama guanicoe) are most 
prominent amongst mammals; while flamingos 
are the most emblematic birds that migrate long 

Figure 2: Increasing trends of Lithium world production (A) and decreasing trends of precipitation showed by annual (January–Decem-
ber) Vilama-Coruto lake area reconstruction for the period AD 1407–2007 (Morales et al. 2015) (B)
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distances for reproduction and feeding in these 
wetlands. Three of the worlds´s five flamingo 
species are in the region: the rarest and least known 
are Puna or Jame´s flamingo (Phoenicoparrus 
jamesi), the vulnerable by IUCN Andean flamingo 
(P. andinus), and the more comun Chilean flamingo 
(Phoenicopterus chilensis). Among carnivores 
species are mountain vizcachas (Lagidium 
viscacia), Pampas cat (Leopardus colocolo), culpeo 
fox (Lycalopex culpaeus), puma (Puma concolor) 
and the endemic and endangered Andean cat 
(Leopardus jacobita). Seasonal and temporal 
patterns of wetlands are the key determinants 
of carnivore distribution in these environments 
(Cuyckens et al 2015). Wetlands were the most 
important factor detemining distribution of the 
culpeo fox, most likely because it uses aquatic 
birds as prey (Cuyckens et al 2015). In addition to 
plant and fauna, recent discoveries of microbial 
biodiversity and stromatolite communities in 
the extreme habitats of salty lakes are having 
important implications on theories about the 
origins of life (Farias et al. 2013). 

Water is not only the most vital and limited 
resource for biodiversity but also for human 
populations. For example Messerli et al. (1997) 
concluded that water resources in the Salar de 
Uyuni watershed in Bolivia must be considered 
a non-renewable resource (or renewed 
extremely slowly). In this context, expanding 
mining industry may lead to ruin this sensitive 
ecosystem and also represent a threat to the 
region’s water supply. Based on an opportunity 
cost estimation of the lithium extraction in the 

same salt flat, Aguilar (2009) concluded that 
using the same water source as a production 
input, lithium extraction and crop irrigation 
cannot simultaneously take place.

Most climate scenarios for high elevation 
ecosystems predict a 2-4 ºC increase in 
temperature (Urrutia and Vuille 2009), as well 
as decreasing water availability and longer dry 
seasons (Buytaert et al 2010). While models have 
more uncertainties for precipitation trends, the 
most accepted scenario suggest a decrease in 
precipitation and cloudiness for subtropical 
Andes (Viulle et al 2008). Consistently, our 
analysis of historical range of variability based 
on dendroecological reconstructions of water 
balance and ecosystem productivity shows 
a clear drying trend for the last 30 years. 
(Figure 2B; Carilla et al. 2013, Morales et al. 
2015). If persistent, this trend could affect 
vegetation range distribution, increase wetlands 
salinity, decrease oxygen amount, promote 
eutrophication and, increase carbon emissions 
(Anderson et al 2011) as well as Andean human 
population vulnerability.

In summary, there is no doubt that low-carbon 
technologies represent a major progress in 
reducing global negative effects of economic 
growth. However, when the resources demanded 
by these technologies come from very specific 
geographic locations, they can resultd in major 
environmental degradation. This is potentially the 
case in the Dry Andean high elevation wetlands, 
which with a few hundred thousand hectares 

A B

C D
Figure 3: Lakes, peatbogs and salt flats; linked eco-hydrological systems of the Puna (Polulos basin, Northwest Argentina) (A), and Salt 
flats and vicuñas (Hombre Muerto salt flat, Argentina) (B). While covering less than 1% of the area, peatbogs harbor much of regional 
productivity and biodiversity; and regulate the hydrological cycles (C) and salt flats are a source of minerals including lithium (D). Picture 
credits: H.R. Grau and A.E. Izquierdo
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appear bounded to supply  the largest part of 
the global lithium demand. Significant research 
effort is needed to understand the vulnerability 
of these ecosystems and their biodiversity to the 

combined effect of mining expansion and climate 
change; and these effort should be coupled with 
clear transnational planning guidelines to ensure 
the sustainable development of the region. 
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strategies to cope with these changes and to 
improve the livelihoods of people in the region. 
As a joint initiative of Angola, Botswana, Namibia, 
South Africa, Zambia, and Germany, SASSCAL 
(Southern African Science Service Centre for 
Climate Change and Adaptive Land Management; 
www.sasscal.org) supports 88 research projects 
providing information and services allowing for 
a better understanding and assessment of the 
impact of climate and land management changes 
in five thematic areas: climate, water, agriculture, 
forestry and biodiversity.

Water related research in SASSCAL aims at 
providing i) reliable data, information and tools 
to analyse and assess present state conditions 
and global change impacts and ii) evidence-
based services and advice for decision-makers 
and stakeholders supporting sustainable water 
resources management in the SASSCAL region 
(Helmschrot & Jürgens 2015). As shown by 
three SASSCAL case studies working on flood 
monitoring, wetland inundation variability and 
groundwater recharge, spatio-temporal remote 
sensing applications can notably contribute to 
the assessment of water-related risks and their 
relevance for as well as dependencies from 
land cover change and biodiversity in Southern 
African landscapes.

Case studies

Additional benefits for floodplain 
ecosystems observation generated from 
large-scale flood monitoring using high-
resolution SAR (Synthetic Aperture Radar) - 
data in Northern Namibia

In recent years, disastrous flood events in 
Northern Namibia caused losses of life and 
disruption of agricultural and other economic 
activities (Tshilunga, 2014). The sudden 

Introduction

Projected climate change and socio-economic 
pressures like population growth and agricultural 
expansion are expected to considerably affect 
water availability and quantity, land management 
practices and biodiversity in water stressed 
regions of Southern Africa. Thus, an improved 
understanding of the linkages between ecosystems 
and society as well as their drivers is needed as a 
precondition to develop sustainable management 

Abstract

Given the ongoing population growth and 
changes in land management as well as 
projected climate scenarios, a key challenge in 
the African sub-Saharan countries is to secure 
water at sufficient quality and quantity for both 
the stability of ecosystems, with their functions 
and services and for human use. Changing 
conditions will severely affect hydrological 
pattern in southern Africa, for example in terms 
of increasing flood frequencies and magnitudes 
or change in  groundwater levels, which in turn 
will create even more pressure on existing 
land management pattern and biodiversity. 
To monitor and assess such interrelated 
phenomena in data scarce regions like southern 
Africa, innovative remote sensing data and 
techniques can be successfully applied. Three 
case studies addressing flood monitoring, 
wetland inundation variability and groundwater 
recharge in the SASSCAL (Southern African 
Science Service Centre for Climate Change 
and Adaptive Land Management) region 
demonstrate the potential of optical and radar 
satellite products to assess water-related risks 
and associated impacts on land cover change 
and biodiversity in Southern African landscapes.
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occurrence and unexpected short flood 
recurrence intervals were associated with the 
impacts of climate change and variability. It is 
therefore expected that the frequency and 
magnitude of high floods will increase in years 
to come. Land use and land cover changes due 
to seasonal flooding, erosion and deposition are 
normal phenomena in any floodplain. However, 
increasing river dynamics, modifying floodplains 
with an undesired frequency and magnitude, can 
induce severe consequences on the floodplain 
ecosystems and cultivation, requiring a revision 
of regional floodplain management programs 
(Hazarika, 2015).

The Hydrological division of the Ministry of 
Agriculture, Water and Forestry (MAWF) is the 
responsible institution for flood monitoring 
and mitigation measures in Namibia. As the 
collection of ground data is often hampered by 
access to remote and inaccessible areas, Earth 
Observation data are used to provide area-wide 
information on extent and duration of major 
flood events. A Water Observation & Information 
System (WOIS), covering selected water basins 
in Africa, was recently implemented in order to 
enable the MAWF and water authorities from 
other African countries to generate a wide-range 
of satellite earth observation based information 
products needed for Integrated Water Resource 
Management (IWRM) in the continent (Guzinski 
et al., 2014). Integrated case studies on wetland 
monitoring provide information on seasonal 
changes of wetland and permanent water 
bodies while selected flood mapping approaches 
establish suitable tools for the monitoring of 
changing flood conditions and unscheduled 
impacts on wetland ecosystems.

Within the SASSCAL project, a multi-scale flood 
monitoring system, combining two individual 
optical and radar flood mapping services, is 
currently under development at the German 
Aerospace Center (DLR) (Martinis et al., 2013) 
and is foreseen to be an integral part of a local 
flood forecasting and early warning system in the 
Cuvelai-Etosha basin, which straddles southern 
Angola and north-central Namibia. An extended 
flood service, using the new Sentinel-1 satellite 
system and covering the entire SASSCAL project 
area will be implemented in the near future. 
Major advantage of this service is the systematic 
acquisition strategy of the Sentinel-1 mission, 
allowing a utilization of SAR acquisitions for 
continuous monitoring purposes without the 
necessity of time-consuming and on demand 
acquisition planning. In Figure 1, an example 
for an observed flood event at the Shire River 
in Malawi using radar remote sensing is shown. 
Area-wide and up-to-date remote sensing data 
on evolving and highly dynamic flood situations 
feature a great potential for the assessment 
of flood induced land cover change in valuable 
wetland ecosystems. Using comprehensive WOIS 
information and flood service products, essential 

questions like the future importance of wetland 
agriculture for food security under climate change 
conditions (e.g. soil degradation, soil retention) 
and wetland hydrology with related impacts on 
water supply systems can be addressed on a large 
and detailed scale. 

Satellite- based system for enhanced data 
capture capabilities for wetland biodiversity 
management in Western Zambia 

The Barotse wetland, located in the upper 
Zambezi River Basin, is an annually inundated 
RAMSAR (RAMSAR, 2014) recognized ecosystem 
rich in biodiversity and supports a variety of 
livelihood streams for a large population in 
western Zambia. Continued existence of fish, 
livestock and other flora and fauna is principally 
dependent on the annual inundation regimes 
which occur in the rainy season between October 
and April of a given hydrological year. However, 
current and projected climate scenarios coupled 
with unsustainable land use practices in and 
around the wetland, are already showing and 
predicting negative impact on biodiversity. 

This study was undertaken to answer to the paucity 
of data on the nature and potential implications of 
the variations in inundation regimes on biodiversity 
as influenced by both natural and anthropogenic 
activities. Time series of satellite data offer great 
potential characterizing historical inundation 
regimes, land cover changes (within and around 
the floodplains and wetlands) and linking these 
to hydrological variables and potential impacts 
on biodiversity. Using both optical (MODIS, 
Landsat) and radar (TerraSAR-X) remote sensing 
sensors, inundation extents in the wetland was 
detected (Fig. 2), quantified and characterised 
from 2003 to 2013. Land cover changes have been 
analysed between 1984 and 2015. Results indicate 
significant variations in inundation extent across 
the considered time space and show a strong 
correlation between inundated area and observed 
discharge. Significant variations in inundation will 
lead to negative implications on, for instance, 
vegetation growth (type and quantity), fish stocks 
and available water for crop production (after the 
flood recession). Observed land cover change, in 
particular forest cover changes, will most probably 
intensify the impact on wetland biodiversity due 
to noted downward trends in discharge and water 
level. Field observations during flood events also 
provided evidence for increased sedimentation 
due to land cover change, resulting in negative 
impacts on both the quantity and quality of water 
in the floodplain. 

Crucial precondition for tackling future 
challenges of the Barotse wetlands like resource 
over-exploitation, flood control to protect house 
and technical infrastructure (Fig. 3), land drainage, 
encroachment for agriculture, and interference 
with river hydrology for large-scale hydropower 
and irrigation schemes, is a foresighted wetland 
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management (Turpie et al., 1999). Large-scale and 
detailed observation for the long-term monitoring 
of wetland conditions can only be managed 
effectively by using earth observation methods. 
A new generation of high resolution optical and 
radar satellite systems (e.g. Sentinel 1,2) with high 
revisit times and free data access, will provide 
unique opportunities in the future to improve the 
quality of information on inundation regimes for 
effective overall management of biodiversity in 
the wetlands.

Groundwater Recharge assessment for better 
understanding of local natural systems in 
southern Angola

Human activity plays an important role concerning 
the quality and quantity of groundwater. 
Groundwater issues not only affect the subsurface 
but also can have a great impact on land use if 
one thinks about shallow groundwater layers 
and vegetation or land subsidence caused by 
groundwater withdrawal (Phien-wej, Giao, & 
Nutalaya, 2006). A sustainable management 
depending on reliable information of groundwater 
recharge is crucial. The estimation of recharge 
rates in the Cuvelai-Etosha-Basin (Angola/Namibia), 
especially the Eastern Sand Zone, is the major 
objective of this case study. It is hypothesized that 
parts of the groundwater found in the south of the 
Eastern Sand Zone have their origin in the Angolan 
highlands in the north. Directly on the transition 

of the Angolan low- and highlands, between 
Yonde and Caiundo, analysis showed that water 
accumulates in some areas during the rainy season. 
Vegetation indices derived from MODIS data 
give evidence that near surface water is available 
around these zones, especially in the supposed 
drain direction. No patterns indicating salinization, 
which can be caused by high evaporation rates, 
were found through Landsat and MODIS data 
analysis. Lateral runoff seems to be marginal. 
Therefore, groundwater recharge is assumed to 
be the dominant process in these water rich areas. 
Due to poor accessibility, ground truthing was not 
possible so far. A further notable feature of this 
region is the direction of the drainage lines, which 
in most cases tend to flow south-eastwards in the 
highlands and bend to the south west after passing 
them. This abrupt change in direction can be seen 
as an indicator of geological boundaries or faults. 

To support the theory of accumulated recharge 
in the mentioned areas, SAR (Synthetic Aperture 
Radar) Interferometry (InSAR) will be used in 
a further step for a pilot area. Studies have 
shown that InSAR can help to understand the 
hydrogeological behavior of a catchment (Lu & 
Danskin, 2001; Schmidt, 2003) by analysing land 
uplift and subsidence. As most of the rain in the 
study area falls between November to April, and 
nearly no rain occurs during the rest of the year, 
a periodic cycle of land uplift and subsidence 
is expected for regions with high groundwater 

Figure 1: Flood situation as of January 13, 2015 at the Shire River in the area of Bangula, Malawi, close to the Mozambique border. The 
flood extent was derived by image analysis from RADARSAT-2 satellite imagery. (Source: DLR/ZKI, 2015) 
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recharge rates (Bell et al., 2008). If the hypothesis 
of intense groundwater recharge can be proven, 
the method could be easily extended to other 
parts of the basin and contribute to a better 
general understanding of the whole natural 
system. Moreover, this study will create further 
knowledge about groundwater-dependent 
ecosystems and biodiversity conservation in 
complex drainage systems.

Lessons learnt & outlook

- we created multi-scale time series in various 
reference areas in Southern Africa, quantifying 
and assessing water-related risks and and its 
interdependencies with land cover change and 
biodiversity using remote sensing data. These 
analyses provide crucial additional benefit for 
other thematic areas within the SASSCAL project 
and beyond. 

- with this contribution we facilitated interdisciplinary 
research activities within SASSCAL and beyond, i.e. 
regarding cross-sectoral topics like land systems and 
biodiversity under climate change conditions. 

- a new generation of high- resolution optical and 
radar remote sensing sensors provide unique 
opportunities for biodiversity research and 
sustainable economic development in Southern 
Africa under global change conditions.  Many 
ground-based methodologies are  difficult to 
use for mapping and predicting regional or 
global changes in the distribution of biodiversity, 
something that is at the core of many national 
and international conservation agendas (Collen 
et al., 2013). Satellite remote sensing can make 

Figure 2: Flood extent of the floodplain along the upper Zambezi River on 6th April 2007. The flood extent map was derived from Landsat 
5TM using the Desert Flood Index (DFI)

a difference in biodiversity monitoring and 
conservation as it offers a relatively inexpensive 
way of deriving complete spatial coverage of 
environmental information for large or remote 
areas. The free and open access policy to data 
from the Sentinel satellites will be a breakthrough 
in the use of satellite data for specialised users, 
but also for the general public. Furthermore, 
the status of multi-scale and multi-temporal 
remote sensing data as an integrative element 
for  cross-sectoral and interdisciplinary research 
will increase enormously within the next years. 
Scientific platforms such as the group on Remote 
Sensing for Biodiversity within the Committee on 
Earth Observation Satellites (CEOS) are enabling 
information transfer and network opportunities 
and will further emphasize synergies and common 
research topics between biodiversity and remote 
sensing research (Pettorelli et al., 2014). 
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Figure 3: Reconstruction of the bridge on the Mongu-Kalabo Road near Mongu Harbour. The road, linking the districts of Mongu and 
Kalabo in western Zambia, was extensively damaged during a higher than normal flood event in 2003/2004 season. The road is envis-
aged to be a gateway between Zambia and Angola for enhanced economic interaction between the two countries. Though the road 
and bridges are being constructed there is no information on the impact the construction of this road infrastructure will have on flood 
extent regimes, river channels, silt deposition, or on fish and wildlife movements. This makes it more significant to have in place a flood 
pattern monitoring system  that will facilitate for disaster management preparedness as well as biodiversity monitoring in the wetland 
(Photograph: Helmschrot, 2015)
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Introduction

In Europe there is an increasing sense of urgency 
to halt the ongoing loss of  biodiversity and 
landscape values. In the context of agricultural 
practices, this also means a growing concern 
on the overall sustainability of agricultural 
production and natural resource management. 
These are major challenges to all government 
levels, to farmers and to many other stakeholders, 
including civil society.    

Responding to these, in 2013-14 Groupe de 
Bruges set up an international transdsciplinary 
platform intended to explore territorial 
approaches addressing biodiversity in the 
context of the EU Common Agricultural Policy 
(CAP). Involved participants were scientists, 
policy makers and practictioners from across 
the continent. The group aimed to synthesise 
relevant scientific resources and evidence-based 
case studies from various countries, in order to 
develop tailored policy recommendations and 
practical action points. Three major events were 
organised, in France, Netherlands and Belgium, 
that brought together numerous stakeholders 
to discuss and design the future policy agendas. 
The joint message resulting from this effort was 
passed to the EU-level decision makers.

Biodiversity loss as a collective concern

This collaborative work conveyed the following 
outcomes. First of all, territorial approaches 
were highlighted as an important trigger of 
reversing the biodiversity loss in the Europe’s 
rural areas. Frequently, they have been emerging 
in a grass-roots and innovative spirit, but also 
gained significant attention as elements of public 
policies. For instance the CAP created specific 
incentives encouraging cooperation of farmers, 
in order to improve the state of biodiversity. The 
rationale for this was also to value public goods 
and strengthen institutions to govern common 
-pool resources (sensu Ostrom 1990).

The Groupe de Bruges took a closer look at 10 
initiatives (case studies) that have positively 
contributed to enhancing biodiversity. They 
differed in type of region (marginal versus 
highly productive), type of sector, objectives and 
organisational structure. What they shared was 
the conviction that through territorial cooperation 
they could improve delivery of public goods and 
strike a better balance at farm level between 
economic and environmental objectives. They 
were identified in several EU countries. However 
case studies from countries that joined the EU 
in the last decade, undergoing post-socialist 
transformation, were more rare. In general, the 
following types of intiatives were distinguished: 

(1) Initiatives aiming at mutual learning, 
encouraging sustainable (agro-ecological) 
practices, sometimes in combination with the 
marketing of regional products. These initiatives 
have a demarcated group and territory, but lack a 
legal entity and/or a regional plan.      

(2) Initiatives that have (created) a legal 
representation and are operating on the basis of 
a plan covering a geographical area.   

(3) Initiatives that have created a legal basis, have 
a strategy or plan and are (joint) beneficiaries of 
agri-environmental schemes or packages.     

Secondly, territorial approaches were highlighted 
in the context of new CAP (2014-20). This EU 
policy co-finances national schemes targeting 
biodiversity, including flora and fauna, rare 
breeds and crops, sometimes also functional 
agro-biodiversity and life support functions 
such as soil biodiversity. In addition, the support 
is provided to landscape (landscape features, 
cultural heritage), water quality (especially 
relating to the EU Water Framework Directive), 
water quantity (e.g. storage, increasing water 
tables) as well as energy and climate (e.g. carbon 
sequestration). Such goods and services are only 
compensated for, basing on the foregone income. 
Next to these, more sustainable farming systems 
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(such as organic farming) are encouraged. Also, 
the territorial approaches emphasise biodiversity 
as a complex issue that needs to be addressed 
in a systemic manner, moving beyond the solely 
environmental and individual farm focus and 
should be treated as a public good. 

Thirdly, challenges for the policy delivery 
systems were stressed. Basing on the evidence, 
it turned out that the effective and workable 
encouragement of such public goods within the 
CAP lies in the quality of the collaborative actions as 
professional organisations. As well, it is dependent 
on the design of a regulatory framework that 
ensures compliance with the overall principles 
of administration and accountability together 
with a motivating position for the cooperatives 
themselves. Moreover, the attitudes of policy 
makers, implementers and controllers significantly 
shape the delivery. In the short term, there are 
still some issues to be solved as to the position 
of territorial cooperation initiatives under the 
CAP agri-environmental payments schemes. 
Policy makers and beneficiaries are also strongly 
concerned with establishing a monitoring and 
evaluation system that ensures reasonable, cost-
effective and timely delivery of relevant data on 
biodiversity. This data is further needed to justify 
the spending on this particular policy. 

The benefits of collaboration 
in land use

Territorial cooperation is, of course, not a new 
phenomenon in the agricultural world. Agricultural 

cooperatives go back for over one century and 
were formed for the major reason of improved 
marketing. They normally deal with ensuring the 
delivery of goods and services on a landscape 
scale, in order to optimise their cost-effectiveness. 
In the world driven by competition and increasing 
commodification, farmers are often confronted 
with a choice between individual (competitive) 
and collective action (public benefit or shared 
individual benefits). Alternatively, cooperation 
can be forced by natural features of the cropping 
system, e.g. rice fields require a concerted action 
of neighbouring farms, while cultivating wheat 
can be more individual (Talhelm et al. 2014). 

The platform facilitated by the Groupe de Bruges 
identified the following benefits that were 
generated through the territorial approaches in 
the European case studies: 

(1) Increased environmental output: A territorially 
coordinated approach is more effective for 
species and habitats that exceed farm level, 
interlinking of elements and fields and reducing 
negative externalities such as water pollution 
(Oerlemans et al. 2007; Franks & McGloin 2007). 

(2) Advantages for farmers: Better tailored 
measures, less paperwork, possibility of sharing 
specialist equipment, learning and sharing best 
practices, access to public funding, and better 
opportunities to engage in dialogue with civil 
society and policy makers, and subsequently to 
improve the ‘license to produce’.

(3) Advantages for the society: A territorial 
approach to public goods is a logical way to 

Figure 1. Land under collective management in Noardlike Fryske 
Wâlden, Netherlands

Figure 2. Site visit to a dairy farm participating in a territorial 
scheme in the Netherlands
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connect farming, nature conservation and civil 
society (Renting & Van der Ploeg 2001). 

(4) Budget saving for public policies: In the context of 
CAP, the terrotorial cooperation has a potential to 
help in simplification and reducing administrative 
burden for governments, as well as beneficiaries.

Naturally, there can also be disadvantages from 
collective action. This applies especially if: (1) 
the regional scale is not necessary or even not 
appropriate for delivering public goods; (2) the 
farmer is or feels limited in his choices for the 
delivery of public goods; (3) the transaction costs 
of cooperation are high and/or not covered by 
external funds. In this context, the platform 
has stressed an urgent need to generate more 
evidence of benefits on collective action. Examples 
are sought that indicate specific cases where 
differences between collective and individual 
actions could been tested and compared.  

How to assess the impacts of 
territorial approaches?

Surveys and in-depth analysis of case studies 
show that collective approaches create optimal 
conditions to combine a higher environmental 
output with a more entrepreneurial approach 
and lower implementation costs (e.g. Franks & 
McGloin 2007; Mills et al. 2012; Prager 2013; 
OECD 2013). However, for the CAP a burning 
question is to provide data to feed the existing 
monitoring and evaluation framework, used to 
demonstrate the success of the public support. 
The issue is that the CAP programming period 

is relatively short (7 years), thus biodiversity 
monitoring and assessment may not yield the 
expected results so quickly. Furthermore, the 
current policy evaluation system, heavily relies 
on the network of public statistic institutions, 
and is burdened with lack of capacities and 
bureaucracy. Moreover, the European countries, 
their land use practices and biodiversity concerns 
are highly diverse, and difficult to bring under 
the common umbrella of standarized data. The 
biodiversity enhancement in the EU as a whole 
can be undermined by a dilluted character of the 
CAP measures, practiced differently across the 
continent (Pe’er et al. 2014).

The ways forward

The platform recognised a great potential to build 
synergies with the scientific community in helping 
to deliver missing data, design future projections 
and optimisation strategies. Members agreed 
to mobilise relevant stakeholders to elaborate 
action points, including suitable learning and 
assessment approaches. From the initiatives that 
participated in the conferences, a Steering Group 
has been formed. In the coming years it will take 
further steps to develop the European network 
and implement the work programme. The Groupe 
de Bruges is interested to hear about evidence-
based case studies that could help to assess the 
success of public support to collective actions 
towards improving biodiversity conservation.

More information about this work can be found 
here: http://groupedebruges.eu/projects
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Global mangrove 
mapping: a critical 
tool for conservation

Arimatéa de Carvalho Ximenes1

Abstract 

Mangroves are woody vegetation communities 
composed by plants that grow normally in 
tropical and subtropical latitudes along the 
land-sea interface and have developed special 
adaptations to cope with salinity and anoxic 
conditions. Such environments provide habitat 
for migratory species, refuge for juvenile 
organisms. Many marine and freshwater 
species use mangroves as reproduction sites. 
However, losses of mangrove forest have 
exceeded those of tropical rain forests and 
coral reefs. For this reason, the global mapping 
of mangroves areas is important in order to 
measure the rate of deforestation, estimated 
carbon storage, define the mangrove limits 
and support conservation actions. Until now, 
a number of mangrove mappings have been 
made using different methods. This article 
will briefly discuss the most recent global 
mappings for mangroves and their application 
in conservation projects.

1 Université Libre de Bruxelles (ULB) and Vrije Universiteit Brussel (VUB) Avenue F.D. Roosevelt 50, CPI 264/1, B-1050 Bruxelles, 
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scale are directly or indirectly dependent on 
mangroves (Ellison, 2008). Mangroves are also 
a habitat for migratory species and a refuge for 
juvenile fish and crustaceans, and provide an 
ideal environment for the reproduction of many 
species (Primavera, 1998).

After several studies in areas affected by natural 
disasters, mangroves have been recognized as 
an ecosystem that protects coastal areas from 
tsunamis, storms and others natural disasters 
(Alongi, 2008; Dahdouh-Guebas et al., 2005).

Furthermore, the mangrove plants have 
important medicinal properties and can be used 
to cure several diseases (Bandaranayake, 1998). 
As an example, the Rhizophora mangle which is 
one of the most common species in the Atlantic 
East Pacific (AEP) biogeographical region which 
include the coastal areas in western and eastern 
Americas and western Africa (Duke, 1992) 
possesses many medicinal uses for the treatment 
of malaria, dysentery, leprosy, tuberculosis, and 
others (Bandaranayake, 1998).

Estimates suggest that mangroves provide more 
than $ 1.6 billion per year in environmental services 
(Costanza et al., 1997), although this number may 
be higher if we could compute all services provided 
by this ecosystem. Despite a clear importance 
of mangroves to maintain the stability of the 
ecosystems on a global scale, the mangroves have 
been under pressure by anthropogenic actions 
that will be discussed below.

Mangroves under pressure

At least 35% of the area of mangrove forests 
has been lost during 1980’s and 1990’s, a 
destruction that exceeds that of tropical rain 
forests and coral reefs, two other well-known 
threatened environments (Valiela et al., 2001). 
In this way, studies suggest that if deforestation 
continues at the same pace, mangroves could 
globally disappear in less than 100 years (Duke 

Introduction

Mangroves are woody vegetation communities 
composed of plants that grow normally in 
tropical a subtropical latitudes along the land-sea 
interface, bays, estuaries, lagoons, backwaters, 
and in the rivers, reaching upstream up to the 
point where the water still remains saline (Qasim, 
1998) where organisms have developed special 
adaptations in order to survive in this particular 
environment (Spalding et al., 2010).

Mangroves cover only 0.1% of the earth’s 
continental surface (FAO, 2003), and comprise 
about 0.7% of the total tropical forests of the 
world (Giri et al., 2011). Despite the limited 
total area, mangroves account for 11% of the 
total input of terrestrial carbon into the ocean 
(Jennerjahn & Ittekot, 2002), and it is estimated 
that 80% of fish caught in the ocean on a global 
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et al., 2007). Unfortunately, the mangroves are 
critically endangered in at least 26 countries 
(FAO, 2003). This means that mangrove 
ecosystems are under threat in more than one 
fourth of their country occurrence.

According to the International Union for 
Conservation of Nature (IUCN) Red List criteria 
categories of endangered species, up to 11 
mangrove plants species are at high risk of 
extinction (Polidoro et al., 2010). The fauna 
also has more than 40% of mangrove-endemic 
vertebrates that are globally threatened (Luther 
& Greenberg, 2009). For example, the only record 
of a species of frog restricted to mangrove and 
endemic in Haiti called Eleutherodactylus caribe 
is threatened by habitat loss (IUCN, 2010) due 
to the conversion of mangroves into others land 
uses. Nowadays, the environmental impact is not 
only at the species level, but also at the level of 
ecosystems as a whole.

The greatest drivers for mangrove forest loss 
are direct conversion to aquaculture, agriculture, 
urban land uses (Spalding et al., 2010) and 
tourism infrastructure (FAO, 2007). These drivers 
are also linked to the fact that almost half (44%) 
of the world’s population lives within 150 km 
of the sea, and three-quarters of all large cities 
are located on the coasts (Cohen et al., 1997), 
where mangrove ecosystem grow naturally. The 
remaining mangrove forests are under pressure 
from clear-cutting, land-use change, hydrological 
alterations and chemical spill (Blasco et al., 
2001). In addition, scenarios of climate change 
related to sea level rise are presented as a great 
threat for mangroves (Gilman et al., 2008). In 
the past, due to sea level changes mangroves 
have migrated in order to adapt and colonize 
new suitable areas. Nowadays, in many cases the 
surroundings of mangroves are already occupied 
by cities, agriculture and others land uses. Since 
mangroves have no natural areas to migrate to in 
case of sea level rise; the impacts may be greater 
than expected.

Moreover, mangroves have been impacted by huge 
coastal projects, such as ports and interoceanic 
channels. For instance, Meyer and Huete-Pérez 
(2014) have highlighted the environmental impact 
of the construction of a massive interoceanic 
channel to connect the Atlantic to Pacific on 
Nicaragua’s ecosystems. Until now, hardly any 
research had been done specifically about the 
impact of this project on mangroves in Nicaragua. 
The impact of the construction of the channel will 
be direct and indirect, through deforestation and 
through changes in the natural hydrodynamics of 
this region.

For this reason, the mapping of mangroves is 
extremely important to give us the dimension of 
the impacts and it may help decision makers to 
planning conservation actions, sustainability uses 

and protection. The next topic will briefly discuss 
different mappings for mangroves that have 
been used for many purposes.

Global Mangroves area estimation 
under different mapping techniques

Estimating the mangrove forest areas is 
challenging. The wetlands tend to be difficult 
to map because they are quite dynamic and are 
often a gradient between terrestrial and aquatic 
ecosystems (Horning et al., 2010). Despite this 
challenge, different global mapping techniques 
have been applied to estimate the mangrove 
forest areas. Moreover, according to the Food and 
Agriculture Organization of the United Nations 
(FAO, 2007) a regular update of information 
on the extent and condition of mangroves 
is needed as an aid to policy- and decision-
making for the conservation, management 
and sustainable use of the world’s remaining 
mangrove ecosystems. This ecosystems mapping 
allows for biogeographic maps and ecoregions 
to be delimitated, and these are essential for the 
creation of reserves in areas that are ecologically 
representative (Spalding et al., 2007).

The first attempt at estimating the total 
mangrove area in the world was undertaken as 
part of the FAO and United Nations Environmental 
Programme (UNEP) with the project of Tropical 
Forest Resources Assessment in 1980, where the 
total mangrove area in 51 countries was estimated 
as 156,426 km2. The first World Mangrove Atlas 
mapped mangroves in 112 countries covering a 
total of 181,077 km2 (Spalding et al., 1997). The 
most recent estimations were made by Spalding 
et al. (2010) and Giri et al. (2011). The second 
World Atlas of Mangroves covers 123 countries 
and territories globally, and found a total of 
152,000 km2 (Spalding et al., 2010), but Giri et 
al. (2011) estimated 137,760 km2 of mangrove 
forest area in 118 countries and territories (Figure 
1), though nearly 75% of their area occurs in just 
15 countries.

The estimate of Giri et al. (2011) is approximately 
10% smaller than the most recent estimate by 
Spalding et al. (2010). To compare different 
mangrove mappings techniques, three mappings 
made by Spalding et al. (1997), Spalding et al. 
(2010) and Giri et al. (2011) were used. There 
are clear differences between Spalding et al. 
(2010) and Giri et al. (2011) mappings (Figure 
1). The first World Atlas of Mangroves mapping 
(Spalding et al., 1997) was hand-drawn by 
experts, and combines information ranging 
from high and low-resolutions maps derived 
from remote sensing imagery. Observing figure 
1 it is possible to conclude that Spalding et al., 
1997 did not dispose of all image coverage in the 
north Brazilian mangroves, probably because 
of the intense cloud coverage in this region. 
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However, the new World Atlas of Mangroves 
(2010) was made using unsupervised digital 
image classification with a editing of the results. 
This new mapping of the World Atlas has filled 
the empty gaps from the old version (Figure 1), 
and they share almost the same delineation.

Giri’s map was made using hybrid supervised 
and unsupervised digital image classification 
techniques (Giri et al., 2011). The main differences 
between these maps is that in contrast to others 
mapping techniques, Giri et al. (2011) mapped 
mangrove vegetation only and did not include 
water bodies and barren lands, bringing a 
better resolution than others mangrove forest 
mappings. For this reason, the mangroves 
were more fragmented in Giri’s mapping. Their 
mapping probably may improve the global carbon 
estimation, since only wood forest areas have 
been mapped. However, Hutchison et al., (2013) 
applied the mangrove map developed by Spalding 
et al. (2010) to construct a worldwide map of 
potential mangrove above-ground biomass.

Despite the lower resolution of Spalding’s 
mappings, certain projects may find this mapping 
useful, because it includes the surroundings 
ecotones. As it has less fragmented areas (i.e. the 
mangroves patches are more continuous than in 
Giri’s map) the data file size is lighter and facilitate 
the geoprocessing analysis.

Conclusion

The FAO with the collaboration, support and 
financial resources provided by the International 
Tropical Timber Organization (ITTO) made the 
world`s mangroves 1980-2005 that aims to 
facilitate access to comprehensive information 
on the current and past extent of mangroves 
(FAO, 2007), it means, measure of deforestation 
rates. However, changes in definitions and 
methodologies over time make it difficult to 
compare results from different assessments, and 
the extrapolation to 2005 was constrained by 
the lack of recent information for a number of 
countries (FAO, 2007).

For this reason, mangroves should be supported 
by a large global program with a systematic 
methodological framework to monitor rates of 
deforestation by satellite images. For example, 
the PRODES project in the Amazonia carries out 
a monitoring of the annual rates of deforestation 
by satellite images, which have been used by the 
Brazilian government for the establishment of 
public policies (INPE, 2015).

A systematic historical mapping of mangroves 
can help to create predictive global models of 
impacts that can orient mitigation strategies 
and reforestation programs to compensate 
the environmental pressure. Moreover, we 

Figure 1. The figure above shows the worldwide mangrove distribution mapped by Giri et al. (2011) and the red point is shown in detail. 
Below, three mangrove mappings show a part of one of the largest continuous mangrove areas localized in the North of Brazil near to 
the city of Bragança in Pará state. The maps were prepared using ArcGIS 10 (ESRI, 2011).
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should also pay attention and include the local 
communities in the mappings because they have 
often been using this ecosystem in a sustainable 
way, and possess important knowledge that 
could be used to design the reserves or protected 
areas (Diegues, 1996).

Scientists and traditional communities have 
been revealing the importance of mangroves, 
but scenarios show us a dramatic future for 
global mangroves. Thus, studies related to 
global systematic conservation planning are 
extremely important and urgent. Otherwise, the 
humanity may lose not only species, but a whole 
ecosystem that provides cures of diseases, food, 
potential for recreation, biodiversity, coastal 
protection and so on.
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Abstract

The majority of the world’s nations have taken 
some measures to protect biodiversity, which is 
potentially at great risk. Human-wildlife conflict 
(HWC) is one of the growing global issues, which 
seriously threatens agriculture production and 
livelihoods. Hence, clarifying the connection 
among wildlife protection, cropland use and 
livelihood under ecological restoration will 
help us understand the shortcomings of the 
recent policies toward wildlife protection 
and ecological restoration, as well as amend 
existing policies more effectively. Here we 
illustrate the dilemma between biodiversity 
and land systems by a typical case of China in 
order to raise concern in the academia and 
governments about this problem in other 
developing countries.

To improve biodiversity conservation and restore 
the functioning of ecosystems, which are under 
severe threats (Cardinale et al. 2012), different 
measures, such as creating protected areas (e.g. 
national parks) and by making compensation 
schemes, have been tried worldwide (Bruner et al. 
2001, Myers et al. 2000, Naughton-Treves, Holland 
and Brandon 2005, Chape et al. 2005, Rondeau 
and Bulte, 2007). Some studies have shown 
that such protecting measures, especially the 
overprotecting ones, do not effectively protect 
biodiversity (Kleijn et al. 2001), and in addition, 
negative effects on social-ecological systems have 
appeared (Cernea and Schmidt-Soltau 2006, Karki 
2013). One of the most obvious risks is human-
wildlife conflict (HWC), which has increased 
turning a great and worldwide concern nowadays 
(Distefano 2005, Sekhar 1998, Hartter, Goldman 
and Southworth 2011, Messmer 2000). HWC has 
significant impacts on agricultural land use and 
agricultural productions (Shu 2012, Distefano 
2005, Madhusudan 2003, Sekhar 1998, Sreekar 
et al. 2013, Yu, Wu and Fan 2009, Wang, Curtis 

and Lassoie 2006, Bleier et al. 2012). Besides, 
people affected by wildlife damage around the 
world often take some measures to protect local 
farming by using their indigenous knowledge 
(Hartter et al. 2011, Hough 1993, Thapa 2010).

In the context of HWC and land systems, there 
is a lack of empirical information, research and 
overall analytical framework on the connection 
between HWC and cropland use (such as wildlife 
damage and cropland abandonment) at micro-
level. And we also know much less about decisions 
on cropland use under wildlife damage taken at 
household level.

According to the news reported online, we 
find that wild boar populations are now overly 
abundant in several provinces of China, resulting 
in damage to agricultural crops, native wildlife 
habitat and local livelihoods, which raise concerns 
among agricultural producers, wildlife managers 
and natural resource professionals (see Figure 
1). There are two evident dilemmas or paradoxes 
between wildlife protection and cropland use 
under ecological restoration: (i) wildlife protection 
vs. farmers’ welfare, and (ii) ecological restoration 
vs. livelihood security. 

For better understanding, we demonstrate an 
example of practical dilemma among ecological 
restoration, land use transition, biodiversity 
and livelihood security (Figure 2). In order to 
restore the functioning of ecosystems, most 
nations have taken different planning measures. 
In China, for example, the government has 
launched a series of state forest policies 
through top-down governmental intervention 
aiming for ecological conservation (Lambin 
and Meyfroidt 2010). In an effort to promote 
forest management activities preventing forest 
destruction and further deterioration, the 
Chinese government established the National 
Forest Conservation Programme (NFCP) in 1998 
(Li 2004). Similar schemes, such as deforestation 
and forest degradation (REDD+) in other 
developing countries, are also set for protecting 
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Figure 1. Media reports of human-wild boar conflict in China

forests and enhancing regrowth (Phelps, Webb 
and Agrawal 2010). 

Forest restoration has significant impacts on 
biodiversity conservation and livelihoods (Cao 
et al. 2010, Persha et al. 2010, Orsi, Church and 
Geneletti 2011). Some studies focus on the 
negative influences of these forest policies (Xu 
2011, Li et al. 2011, Cao et al. 2010). For example, 
Cao et al. (2010) showed that livelihoods had 
been adversely affected by the implications of 
NFCP due to the ban on logging and grazing 
imposed by this program, in which local residents 
perceived additional economic losses. However, 
for biodiversity, with the establishment of forest 
habitats, conserving wildlife has made great 
progress (Li 2004, Xu et al. 2009). 

With the increasing amount of wild animals, 
livelihoods of residents are constantly under 
threat. Besides, there is a huge gap between 
the policies for wildlife protection and 
livelihood security. For instance, in China, the 
State Forestry Administration (SFA) published 
“wildlife conservation law” since 1989 and “Lists 
of terrestrial wildlife under state protection, 
which are beneficial or of important economic 
or scientific value” back in the year 2000. In 
the context, killing and injuring wild animals 
protected by the State is prohibited. In rural 
areas among most developing countries, people’s 
livelihoods mainly depend on small-scale farming. 
However, many case studies report that crops 

and livestock are threatened by wildlife damage 
(Distefano 2005, Madhusudan 2003, Messmer 
2000, Rondeau and Bulte 2007). People have 
to take measures to protect their crops, such 
as using scaring devices. In the meanwhile, with 
the increasing opportunity cost of labor force 
(Chen et al. 2010), people rely on off-farm labor 
containing temporary or definitive migration of 
younger workforce to pursue their livelihood, 
and have no capacity to protect their crops or 
confront the conflicts against wild animals. From 
the perspective of the State macro-policies, this is 
the most important threat to livelihood security.

Labor migration has also brought great influences 
on agricultural land use and agriculture 
production. Cropland abandonment is one of 
the common phenomenon in agricultural land 
use occurred in most countries. The current 
scientific literature reports three major types 
of drivers of agricultural land abandonment, 
which refer to ecological drivers, socio-economic 
divers and unadapted agricultural systems and 
land mismanagement (Benayas et al. 2007). 
However, these driving forces do not focus on 
the land abandonment caused by wildlife, which 
may be also an important driver, especially 
in mountainous areas. Generally, the main 
viewpoint on explaining the driver of cropland 
abandonment is the migration and shortage 
of agricultural labor force. Why do the farmers 
migrate for off-farm employment opportunities? 
Many studies show that actively pursuing utility 
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Figure 2. A synthetical approach to analyze the dilemma among ecological restoration, land use transition, biodiversity and livelihood

maximization explained by household economics 
is the main reason. However, studies that address 
wildlife damage as a driver of passive migration 
are almost entirely absent in poor rural agrarian 
contexts of developing countries.

From the perspective of ecological restoration, 
the abandonment of agricultural land may 
benefit humans, such as passive revegetation and 
active reforestation, increased biodiversity and 
wilderness, etc. (Benayas et al. 2007, Sirami et al. 
2008). Cropland abandonment is associated with 
the land cover change from agricultural land, 
such as vegetation re-growth (Díaz et al. 2011, 
Poyatos, Latron and Llorens 2003). The cropland 
abandonment and following natural forest 
regrowth lead to some positive consequences for 
the environment, and the ecological restoration 
promoted by land cover change, have important 
impacts on the stabilization of soils, carbon 
sequestration and the temporary increased 
diversity of wildlife (Sreekar et al. 2013, Gellrich, 
Baur and Zimmermann 2007, Houghton, Hackler 
and Lawrence 1999, Laiolo et al. 2004, Tasser, 
Mader and Tappeiner 2003, Bowen et al. 2007, 
Beckwith 1954).

In recent years, a significant phenomenon 
in rural China is that more and more farm 
households are involved in off-farm employment 
(Shi, Heerink and Qu 2011). The labor migration 
from agriculture can impel the farmer 
households to abandon cropland with lower 
quality, which would provide an opportunity 
to restore ecosystems (Lambin and Meyfroidt 

2010, Chapman and Chapman 1999). On one 
hand, the ecological restoration caused by labor 
migration and the following land abandonment 
may provide natural habitats for protected 
wildlife, which may make it harder to protect 
the remaining agricultural production areas 
from wildlife damage. One the other hand, with 
decreasing numbers and quality of agricultural 
labor force, a large amount of land plots under 
cultivating may be at risk of abandonment. Thus, 
the balance between ecological restoration, 
sustainable land use and livelihood has become 
more and more an important issue in China, 
especially in mountainous areas.

In particular, wild boar populations are a serious 
driver of crop losses and might enhance cropland 
abandonment in China. The combination of the 
wildlife protection policy with the increasing 
opportunity cost of labors in China is likely 
to lead more and more farmers from poor 
mountainous areas to migrate out to improve 
their livelihoods. According to the descriptions 
from interviewers, with the increasing forest 
area affected by ecological restoration policies, 
such as Grain for Green, wild boar populations 
increase rapidly due to the expansion of their 
habitats. Owning to overprotection of wild boar 
and unexpected effects of current policies for 
ecological restoration, the policies cannot adapt 
quickly to these changes.

Therefore, the policy recommendations should 
be adjusted, and not over-protect the wildlife. 
To balance the relationship of local livelihood, 



G
LP

N
EW

S 
 | 

 N
O

V
EM

B
ER

 2
01

5

73

Fe
at

ur
e 

- A
rt

ic
le

References

Beckwith, S. L. (1954) Ecological succession on abandoned farm lands and its relationship to wildlife management. Ecological 
Monographs, 24, 349-376.

Benayas, J. R., A. Martins, J. M. Nicolau & J. J. Schulz (2007) Abandonment of agricultural land: an overview of drivers and 
consequences. CAB reviews: perspectives in agriculture, veterinary science, nutrition and natural resources, 2, 1-14.

Bleier, N., R. Lehoczki, D. Újváry, L. Szemethy & S. Csányi (2012) Relationships between wild ungulates density and crop 
damage in Hungary. Acta Theriologica, 57, 351-359.

Bowen, M. E., C. A. McAlpine, A. P. House & G. C. Smith (2007) Regrowth forests on abandoned agricultural land: a review of 
their habitat values for recovering forest fauna. Biological Conservation, 140, 273-296.

Bruner, A. G., R. E. Gullison, R. E. Rice & G. A. Da Fonseca (2001) Effectiveness of parks in protecting tropical biodiversity. 
Science, 291, 125-128.

Cao, S., X. Wang, Y. Song, L. Chen & Q. Feng (2010) Impacts of the Natural Forest Conservation Program on the livelihoods of 
residents of Northwestern China: perceptions of residents affected by the program. Ecological Economics, 69, 1454-1462.

Cardinale, B. J., J. E. Duffy, A. Gonzalez, D. U. Hooper, C. Perrings, P. Venail, A. Narwani, G. M. Mace, D. Tilman & D. A. Wardle 
(2012) Biodiversity loss and its impact on humanity. Nature, 486, 59-67.

Cernea, M. M. & K. Schmidt-Soltau (2006) Poverty risks and national parks: Policy issues in conservation and resettlement. 
World development, 34, 1808-1830.

Chape, S., J. Harrison, M. Spalding & I. Lysenko (2005) Measuring the extent and effectiveness of protected areas as an 
indicator for meeting global biodiversity targets. Philosophical Transactions of the Royal Society B: Biological Sciences, 360, 
443-455.

Chapman, C. A. & L. J. Chapman (1999) Forest restoration in abandoned agricultural land: a case study from East Africa. 
Conservation Biology, 13, 1301-1311.

Chen, Y., X. Li, H. Zhu & W. Zhang (2010) Agricultural land use responses to increasing labor opportunity cost in Suixian 
County of Henan Province. Progress in Geography, 29, 1067-1074.

Díaz, G. I., L. Nahuelhual, C. Echeverría & S. Marín (2011) Drivers of land abandonment in Southern Chile and implications for 
landscape planning. Landscape and Urban Planning, 99, 207-217.

Distefano, E. (2005) Human-Wildlife Conflict worldwide: collection of case studies, analysis of management strategies and 
good practices. SARD. Initiative Report, FAO, Rome.

Gellrich, M., P. Baur & N. E. Zimmermann (2007) Natural forest regrowth as a proxy variable for agricultural land abandonment 
in the Swiss mountains: a spatial statistical model based on geophysical and socio-economic variables. Environmental 
modeling & assessment, 12, 269-278.

Hartter, J., A. Goldman & J. Southworth (2011) Responses by households to resource scarcity and human–wildlife conflict: 
Issues of fortress conservation and the surrounding agricultural landscape. Journal for Nature Conservation, 19, 79-86.

Hough, J. L. (1993) Why burn the bush? Social approaches to bush-fire management in West African national parks. Biological 
Conservation, 65, 23-28.

Houghton, R., J. Hackler & K. Lawrence (1999) The US carbon budget: contributions from land-use change. Science, 285, 
574-578.

Karki, S. T. (2013) Do protected areas and conservation incentives contribute to sustainable livelihoods? A case study of 
Bardia National Park, Nepal. Journal of environmental management, 128, 988-999.

Kleijn, D., F. Berendse, R. Smit & N. Gilissen (2001) Agri-environment schemes do not effectively protect biodiversity in Dutch 
agricultural landscapes. Nature, 413, 723-725.

Laiolo, P., F. Dondero, E. Ciliento & A. Rolando (2004) Consequences of pastoral abandonment for the structure and diversity 
of the alpine avifauna. Journal of Applied Ecology, 41, 294-304.

Lambin, E. F. & P. Meyfroidt (2010) Land use transitions: Socio-ecological feedback versus socio-economic change. Land use 
policy, 27, 108-118.

Li, J., M. W. Feldman, S. Li & G. C. Daily (2011) Rural household income and inequality under the Sloping Land Conversion 
Program in western China. Proceedings of the National Academy of Sciences, 108, 7721-7726.

Li, W. (2004) Degradation and restoration of forest ecosystems in China. Forest Ecology and Management, 201, 33-41.

Madhusudan, M. (2003) Living amidst large wildlife: livestock and crop depredation by large mammals in the interior villages 
of Bhadra Tiger Reserve, south India. Environmental Management, 31, 0466-0475.

sustainable land use and ecological restoration 
has become more and more important in China, 
especially in poor and mountainous areas, rather 
than unilaterally based on wildlife-oriented 
approach. In terms of the permanent cropland 
abandonment, the government at all levels 
(national, provincial and local government) 
should respect the local people’s willingness to 
return farmland to woodland. The government 
should rethink the increasing forest area and its 
significance to ecological restoration. Necessary 

top-down protection measures, such as farmers 
`compensation scheme, should be taken by 
government to eliminate the negative effects of 
wild animals.
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NEWS
After four years of being based at the 
National Institute for Space Research (INPE) 
in São José dos Campos, Brazil, the GLP 
International Project Office is moving.

We are pleased to announce that from 
January 2016 onwards, the GLP-IPO will be 
hosted by the Centre for Development of 
Environment (CDE) in Bern, Switzerland. 
The CDE is an interdisciplinary research 
centre of the University of Bern, whose 
overarching goal is to produce and share 
knowledge for sustainable development 
in cooperation with partners in the global 
North and South. CDE concentrates its 
research on natural resource and ecosystem 
services, multidimensional disparities and 
governance of land and natural resources. It 

has a strong focus on sustainability science in 
general and land system science in particular, 
works at multiple scales and maintains a wide 
partnership network in developing as well as in 
developed countries. The CDE has also a broad 
and long-standing experience in fostering 
dialogue between science and society and has 
contributed to land policy formulation and 
global forum development.

GLP looks forward in opening up exciting new 
opportunities, developments and perspectives 
for its 2016-2020 phase with the International 
Project Office in Bern.

For more information about the CDE, please 
visit www.cde.unibe.ch

From Brazil to Switzerland: the GLP International 
Project Office is moving
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The Global Land Project publishes 
synthesis and outlook paper
In a new paper the Global Land Project look back at the progress of 
Land System Science over the past 10 years of the programme and 
provides a perspective of the research directions and science priorities 
for the coming period. The paper is part of a special issue of the journal 
‘The Anthropocene’ in which all IGBP core project reflect on their 
development. 

During the past 10 years land system science has matured and moved 
from a focus on observing land change and elicitation of the underlying 
driving factors to a field that not only aims to understand complex 

Ecology in an anthropogenic biosphere
Erle C. Ellis

Humans, unlike any other multicellular species in Earth’s history, have emerged as a global force 
that is transforming the ecology of an entire planet. It is no longer possible to understand, predict, 
or successfully manage ecological pattern, process, or change without understanding why and how 
humans reshape these over the long term. Here, a general causal theory is presented to explain 
why human societies gained the capacity to globally alter the patterns, processes, and dynamics of 
ecology and how these anthropogenic alterations unfold over time and space as societies themselves 
change over human generational time. Building on existing theories of ecosystem engineering, niche 
construction, inclusive inheritance, cultural evolution, ultrasociality, and social change, this theory of 
anthroecological change holds that sociocultural evolution of subsistence regimes based on ecosystem 
engineering, social specialization, and non-kin exchange, or “sociocultural niche construction,” is the 
main cause of both the long-term upscaling of human societies and their unprecedented transformation 
of the biosphere. Human sociocultural niche construction can explain, where classic ecological 
theory cannot, the sustained transformative effects of human societies on biogeography, ecological 
succession, ecosystem processes, and the ecological patterns and processes of landscapes, biomes, 
and the biosphere. Anthroecology theory generates empirically testable hypotheses on the forms and 
trajectories of long-term anthropogenic ecological change that have significant theoretical and practical 
implications across the subdisciplines of ecology and conservation. Though still at an early stage of 
development, anthroecology theory aligns with and integrates established theoretical frameworks 
including social–ecological systems, social metabolism, countryside biogeography, novel ecosystems, 
and anthromes. The “fluxes of nature” are fast becoming “cultures of nature.” To investigate, understand, 
and address the ultimate causes of anthropogenic ecological change, not just the consequences, human 
sociocultural processes must become as much a part of ecological theory and practice as biological and 
geophysical processes are now. Strategies for achieving this goal and for advancing ecological science 
and conservation in an increasingly anthropogenic biosphere are presented. Full article is available at 
http://www.esajournals.org/doi/abs/10.1890/14-2274.1

socio-ecological systems dynamics but also provides guidance in the design and implementation of 
sustainability solutions, ranging from land governance to land system architecture for biodiversity 
conservation and ecosystem service provisioning.

An important part of the paper is dedicated to different methods and tools applied to synthesize 
information across different case studies and different disciplines. Synthesis and perspective activities 
are core to the mandate of the Global Land Project. 

The perspective provided on current research priorities is the basis of the new 10-year science plan of 
the Global Land Project.

Verburg et al., 2015. Land System Science and sustainable development of the earth system. A Global 
Land Project perspective. The Anthropocene. http://dx.doi.org/10.1016/j.ancene.2015.09.004
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Land System Science in Latin America: 
achievements and perspectives
International Seminar

Sébastien Boillat1 | Fabiano Micheletto Scarpa1

Introduction

Land system science has emerged as an integrative 
field of research that deals with the human 
use of land, its consequences, and the related 
socioeconomic, technological and organizational 
processes (Verburg et al. 2013). Since 2012, the 
GLP International Project Office has been based 
at the Instituto Nacional de Pesquisas Espaciais 
(INPE) in São José dos Campos, Brazil. In this 
context, GLP took the opportunity to advance and 
promote land system science in Latin America.

Recent advances in Latin American land system 
science linked with GLP, are for example the 
study of land systems and the forest-agriculture 
interface, with emphasis in the Amazon region 
(de Espindola et al., 2012), modelling of land 
use change, biomass and related greenhouse 
gas emissions (Aguiar et al., 2007, 2012; Ometto 
et al., 2014), discussion about separation (“land 
sparing”) vs. integration (“land sharing”) models 
of specific ecosystem functions and services (Grau 
et al., 2013) and distant market connections that 
drive land use changes (Bonilla-Moheno et al., 
2014; Grau and Aide, 2008).

Land system research is evolving rapidly both 
in terms of scope, methods and theory with 
growing attention on the articulation of different 
disciplines and research on linked outcomes 
of land resources, such as the nexus of food 
production, water, and energy. In this context, 
there is a need for Latin American research to 
engage and develop a regional perspective to 
emerging international research agendas and 
funding programs related to sustainability, global 
environmental and climate change, assuming 
cross-disciplinary collaboration, co-production of 
knowledge and stakeholder engagement, and 
using integrative cross-level methodologies.

Objectives

This seminar had the objective of gathering, 
synthesizing and conceptualizing existing advances 
in land systems science in Latin America, and of 
establishing perspectives of this research field for 
the region, building on the network developed 
around the GLP-IPO in Brazil. More specifically, the 
seminar aimed at establishing the particularities of 

the Latin American region that enables researchers 
to take a leading role in advancing specific aspects 
of land system science. Can we speak about a 
“Latin American school” in land system research? 
What can the rest of the world learn from the Latin 
American particularities and experiences?

Three main research topics were discussed at the 
seminar which took place from 9th to 11th of 
November 2015 at the National Institute for Space 
Research - INPE in Brazil.

1) Land change monitoring and land-atmosphere 
interactions in Latin America

In the last decades, there have been substantial 
advances in developing change monitoring 
systems in Brazil and Latin America, such as the 
PRODES project and DETER system developed 
by INPE (see Fearnside, 2015, this issue). These 
systems have gradually included models of the 
consequences of these changes, especially to 
address the relationship between land use change 
and greenhouse gas emissions. Thus, besides 
live monitoring of forest cover change, advances 
include the development of biomass and emission 
models (Aguiar et al., 2012) and the quantification 
of emission from tropical dam reservoirs (Fearnside 
and Pueyo, 2012). In this context, Latin American 
research institutions are increasingly producing 
their own datasets, analyses and knowledge 
corpus. What are the perspectives of these 
advances and their implications for global change 
research? More generally, how can uncertainties 
in knowledge of land-atmosphere interactions be 
tackled? What are the policy implications of both 
advancement and remaining uncertainties?

2) Social-ecological landscapes and land 
management systems in Latin America

Latin American land users are characterized by 
their settlement history, and by strong social, 
political and economic power relations among 
and within groups (Brondizio, 2013; Killeen et al., 
2008). Indigenous peoples, African-, European- 
and Asian-descent colonists, mestizo and mulato 
farmers, Andean colonists in the Amazon, planned 
and spontaneous settlements, have different socio-
cultural and socio-economic backgrounds, which 
shape their views, interests and relationships with 
the land. The social-ecological systems of Latin 

1 Earth System Science Centre - CCST; National Institute for Space Research - INPE; São José dos Campos; São Paulo; Brazil
E-mail: sebastien.boillat@inpe.br / sebastien.boillat@unige.ch; fabiano.scarpa@inpe.br / fabiano.scarpa@gmail.com
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America and their landscape footprints have been 
relatively overlooked until recently, and there is 
growing recognition on the potential of small 
producers and traditional communities in shaping 
functional and resilient cultural landscapes (Figure 
1). However, land abandonment in some areas and 
pressure on land resources on others poses multiple 
challenges to these systems. How can resilience and 
sustainability elements be identified and enhanced 
in these systems? Can different land knowledge 
systems claimed and used by land users be bridged 
to increase the resilience of these systems?

3) Land governance and telecouplings

Latin America has the world’s most urbanized 
population and an overall diminishing rural 
population (UN-HABITAT, 2012). Nevertheless, 
agricultural frontiers into forested areas persist 
and are increasingly linked to distant drivers 
like a growing demand for agricultural products 
from overseas (Gasparri and de Waroux, 2014). 
Furthermore, the region also experiences 
understudied land change patterns, such as land 
abandonment, urban sprawl, tree plantations 
and mining activities. While land-based 
governance instruments have flourished in the 
region, including conservation areas, reserves, 
indigenous lands and other land rights recognition 
processes, these pressures pose new challenges 

for land governance in the region, and can lead to 
conflictive relationships between land user groups. 
What are the potential trends in distal and local 
drivers in the region and how might they shape the 
region’s landscapes during the coming decade? 
Are territorial governance instruments adequate 
to deal with pressures over land resources? 
How might governance initiatives (e.g. land title 
formalization) affect land use and land cover? 
How can sustainable, equitable and efficient land 
governance be implemented in the region? 
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Figure 1. Agrosilvopastoral system under native Polylepis 
forests in the Bolivian Andes. Polylepis forests are highly 
threatened ecosystems. While rural-to urban migration and land 
abandonment may relieve pressure on these ecosystems, they 
might also modify and threaten existing sustainable traditional 
management practices. Photo by Sébastien Boillat
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share cutting-edge research insights on social-ecological dynamics in the Anthropocene. The conference 
will engage and involve multiple stakeholders concerned with sustainable development and who are 
interested in developing new solutions and strategies. The conference is intended to highlight PECS 
achievements and ambitions, and to synthesize and integrate PECS-related research to provide a basis 
for a future social-ecological research agenda, especially in light of Future Earth.

Further information can be found at: http://www.pecs2015.org/

“Land system science: understanding 
realities and developing solutions”
The upcoming third OSM 2016 will be organized by the Chinese Academy of Agricultural Sciences 
under the coordination of Scientific Steering Committee (SSC) and International Project Office (IPO) 
of GLP. The aim of GLP 3rd OSM 2016 is to bring together large parts of the international research 
community working on land system issues, showcase the width and scope of ongoing research, help 
build a community in this highly interdisciplinary field, inspire new research and facilitate review, theory 
building and extrapolation. The conference covers the following main themes:

- Land systems in an urbanizing and telecoupling world 

- Land systems and the water, food, energy nexus 

- Managing trade-offs and synergies for sustainable land systems 

- Novel land governance systems to manage natural resources

Special GLP awards such as best student poster/oral presentation awards, GLP awards, will be launched 
amid the GLP OSM 2016. It is planned to organize a few special issues based on the sessions and full 
papers submitted to the GLP OSM.

Conference website: http://www.glp-osm2016.com/

Call for sessions deadline: 20th December 2015
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Earth’s land surface embodies the dynamic 
interplay of the physical, social and economic 
processes that constitute global change. 
For example, deforestation, agriculture 
and urbanisation all modify the climate, 
ecosystems and biogeochemical cycles. Such 
changes, in turn, affect land and the societies 
that rely on it. Because land is shaped today 
largely by human activities, it has become an 
important site of policies aimed at achieving 
sustainability. Consequently, land is also the 
site of conflicts and competing claims: land 
grabs and the competition between crops for 
food and biofuels are but two manifestations. 

Major advances in quantitative global 
reconstruction of prehistoric land use 
and land cover changes are required to 
understand the role of early land use in 
transforming Earth system processes. 
Adequate incorporation of anthropogenic 
land use and land cover change in global and 
regional climate models remains one of the 
major priorities in climate modelling. Early 
land use and land cover scenarios show very 
large differences; improved global historical 
reconstructions are essential to advancing 

This session aims to bring together a diverse 
group of natural and social scientists to 
explore emerging perspectives on land. We 
welcome contributions on topics including 
but not limited to: 1) drivers, trajectories 
and implications of historic and future land-
use change; 2) trade and teleconnections; 
3) novel land-use practices for responding 
to rapid global change; 4) land-atmosphere-
hydrosphere interactions.

Earth system science and efforts to date the 
emergence of the Anthropocene. Further, 
ecological science and conservation are in 
need of more robust empirical baselines for 
the timing of human alterations. This session 
encourages contributions from paleo-
ecologists, historians, archaeologists and 
modellers towards the goal of accelerating 
collaborative interdisciplinary knowledge 
generation to fully describe the global 
history of anthropogenic land use and land 
cover change from its first beginnings.

GLP Session: Emerging perspectives 
on land in a changing world

GLP and PAGES session: Dating the Anthropo-
cene: Early Land Use and Earth System Change

Get involved
Join the Network

To join the GLP Network and receive the GLP e-News and the GLP NEWS, please subscribe at: 
glp@inpe.br

Call for contributions – next GLP News
GLP IPO is now accepting contributions to the next issue of GLP NEWS. If you would like to 
contribute, please, contact the IPO by e-mail: glp@inpe.br

Call for announcements in GLP e-News and Website
We are open to announce events and publications related to GLP science on our monthly GLP 
e-news or on GLP website. If you want to contribute, please contact us sending an email to:  glp@inpe.br

Have your project endorsed by GLP and included in the GLP Website
To have your project endorsed by GLP, please, look at the 'Getting Involved' section in our website 
(www.globallandproject.org) to application guidelines.
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Sapajus libidinosus-an endemic species of the Brazilian Cerrado (a biodiversity hotspot). Photo by Fabiano M. Scarpa.
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GLP International Project Office
National Institute for Space Research- INPE  
Earth System Science Centre- CCST

Av. dos Astronautas, 1758  
Earth System Science Center (CCST), 
1st floor, room 22  
Jd. Granja - 12227-010  
São José dos Campos - São Paulo - Brazil  
Fone: +55 12-3208 7931/7942

www.globallandproject.org 
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