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Chapter 8
The Monitoring of Land-Cover Change

and Management across Gradient Landscapes
in Africa

Cerian Gibbes, Lin Cassidy, Joel Hartter, and Jane Southworth

Abstract Understanding the interactive effects of land management decisions and
socioecological functioning is central to the study of human-environment interac-
tions. Strategies such as designating or physically bounding parks are commonly
used to conserve biodiversity and mitigate direct human impact on the environment.
Remote sensing is an attractive source of data for monitoring such parks, as it
provides a continuous source of consistent data across broad spatial extents. The
current challenge to the field is its application in gradient landscapes where shifts
from one land-cover class to another are subtle, as is the case in many savanna
regions across Africa. This chapter explores implications of landscape monitoring
and management strategies employed in eastern and southern Africa. We examine
the suitability of various remote sensing approaches for quantifying land-use and
land-cover change and how such studies can be used to monitor and inform the
management of conservation areas in the broader African landscape.
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8.1 Introduction

8.1.1 Human-Environment and Land-Use/Land-Cover
Changes

Human-environment interactions and their study, especially under changing cop.
ditions, pose challenges to research that require a multidisciplinary approach,
with contributions from several science disciplines. Documents such as Grang
Challenges in the Environmental Sciences (NRC 2001) and the Global Land Projecy
Science Plan (GLP 2005) emphasize the development of land change science Lcs),
that is, strategies that incorporate the range of the sciences from the biophysica]
to the social. Social, environmental, and geographical information-remote sensip
sciences are combined in an interdisciplinary effort to examine and model human.
environment interactions and their implications for global environmental change
and sustainability (Turner et al. 2007).

The need to understand the spatial and temporal dynamism inherent in human-
environment systems drives the analyses of land-use and land-cover change
(LULCC) (Foley et al. 2005; McMichael et al. 1999; Turner et al. 1995). Much
of human-environment research focuses on the ways in which human uses of
landscapes, that is, land use, interact with the earth’s biophysical conditions,
as reflected by land cover. Changes in land use and land cover have important
implications for multiple issues from the function and state of ecosystems to
socioeconomic processes and to socioecological systems (DeFries et al. 2004;
Geist and Lambin 2001; Steffen et al. 2004). LULCC is often examined to gain
a baseline understanding of how human decisions and actions are affecting the
environment, which in turn can influence ecosystem functioning, biodiversity,
and climate (Southworth 2004). The monitoring of LULCC is concerned with
addressing the following central questions: What kinds of changes are taking place?
Where are such changes occurring? What are the rates of these changes? What are
the factors influencing each of the above? The assumption underlying the use of
remote sensing for LULCC analyses is that key environmental variables that relate
to human-environment interactions can be remotely detected (Southworth and
Gibbes 2010). Satellite imagery offers repeat data at varying spatial and temporal
scales, thereby enabling multiscalar assessments of change in the quantity and
distribution of land-use and land-cover patterns. These LULCC patterns can then
be linked to human-environment interactions and processes.

The empirical nature of many LULCC studies has been one of the underlying
strengths of human-environment research. Case studies tend to consist of quanti-
tative assessments of change. Many also tend to be spatially explicit, allowing for
the location of the system in space and time to be taken into consideration and
for the patterns and processes of that system to be linked to conditions related to
a given geographic position. This means that change over time can also be linked
to spatial variability in processes across multiple scales (Lausch and Herzog 2002;
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Turner et al. 2001). Digital remote sensing offers an attractive source of 1and-u§e and
jand-cOVer data as it provides a representation of the earth’s surface, ip a c'on51ste¥1t,
spatially continuous, and repeatable manner. As suc‘h, r.eplote sensing is heavily

jied upon in LULCC analyses, and the current availability of data, which spans
;ewide range of spatial and temporal scales, makes this data source even more
attractive for multi-scale analyses.

8.1.2 Dynamic Data: Moving Beyond Reductionist
Classifications

Current attention to the multi-scale processes interacting with LULCC, for example,
NASA's Land-Cover and Land-Use Change (LCLUC) Program, the Global Land
Project, and the International Geosphere-Biosphere Programme (IGBP) (GLP 2905;
Gutman et al. 2004; Lambin and Geist 2006; Steffen et al. 2004), has emphasized
that understanding and modeling dynamic systems demands information about
these systems that is itself dynamic. However, variability in human-environment
interactions is not adequately captured by traditional remote sensing approaches
to LULCC. In particular, the overreliance on traditional land-cover classifications
limits remote sensing-based LULCC research.

The incorporation of land-cover classifications in LULCC analyses has enabled
a basic understanding of discrete, or categorical, land-cover changes. However,
this approach is limited by the subjectivity associated with classifications, the pure
pixel assumption, insufficient inclusion of spatial data, and an inability to evaluate
within-class variability (Southworth et al. 2004). As simplified representations of
landscapes, classifications are subjective and reduce the inherent variability within
landscapes (Di Gregorio and Jansen 1998). The subjectivity and local/regional
context of classifications has challenged the development of a global land-cover
taxonomy and resulted in meta-analyses of land-cover change that rely on multiple,
independently defined land-cover classifications (Geist and Lambin 2001; Rudel
2008). Furthermore, as is demonstrated in the case studies to follow, the use of
traditional classifications is not necessarily appropriate for all human-environment
analyses.

The limitations of classifications are frequently addressed through the incorpo-
ration of vegetation indices and enhanced methodologies. The use of vegetation
or spectral indices (e.g., the Normalized Difference Vegetation Index or NDVI)
emerged in response to the inability of land-cover classification analyses to explain
within-class changes and as a means to objectively link the data regarding emitted
and reflective energy to the use of energy by vegetation. Based on an established un-
derstanding of the relationship between spectral reflectance and biomass, vegetation
indices are commonly used to examine the interannual and intra-annual changes in
quantities and distributions of green biomass (Carlson and Ripley 1997; Jiang et al.
2006; Wang et al. 2009). Although NDVI is one of the most popular vegetation
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indices, there is concern regarding its suitability for all landscapes, particularly those
with high biomass where this index is shown to saturate (Huete et al. 2002; Seller
1985), or very low biomass such as savannas, where mineral surfaces mask out the
vegetation reflectance (Ringrose et al. 1989), as well as those where the land-coyey
changes of interest have similar spectral reflectance patterns.

In addition to the use of indices, the incorporation of more advanced Temote
sensing methodologies is used to address the limitations of traditional classificatiopg
for studies of human-environment interactions (Blaschke and Hay 2001; Castillg
2003; Hay et al. 2001, 2003, 2005), a shift that has resulted from technologica}
developments within remote sensing. These technological developments include
increases in commercially available high-resolution image products, for example,
Quickbird and IKONOS (Hay et al. 2005; Wulder 1998, 2004), and hyperspecira)
imagery like Hyperion and AVIRIS (Filippi and Jensen 2006). Coupled with these
developments is the push to move away from pixel-only-based quantifications of
landscapes and toward quantification of actual geographical objects (Hay et a],
2005). In other words, in order to capture the complexity of a given system, we
need to consider the true entities or units we wish to quantify and analyze (e.g., tree
cover, landscape patch) (Wang et al. 2004).

8.1.3 Gradient Landscapes in Africa

Gradient landscapes are characteristic of much of Africa, in part due to extensive
areas of natural vegetation. Though gradient landscapes are found in developing
regions such as South America, Africa, unlike any of the other continents, is
distributed across approximately 70° of latitude. As a result, the continent exhibits
substantial variation in climate and, consequently, in land cover, with gradients of
cover density decreasing from the closed-canopy tropical forests at the equator,
through woodland savannas, to grassland savannas, and deserts. While such gra-
dients can be assessed at the continental scale, other gradients at finer scales, such
as grazing effects and desiccation, are overlooked (see, e.g., Lambin and Ehrlich
1997). At more regional levels, other factors, such as topography, fire, and land use,
interact with climate to create dynamic and complex landscapes from which it is
difficult to tease short-term variability from long-term trends or predict social and
ecological consequences of those interactions (Walther et al. 2002; Zeng and Neelin
2000).

Some of the main land-cover changes underway globally include tropical defor-
estation, cropland expansion and contraction, dryland degradation, and urbanization
(Geist and Lambin 2001: 3). The negative socioecological impacts of deforestation
have likely prejudiced LULCC research to focus on deforestation. However, more
recent awareness of the complexity of LULCC within forested landscapes has
shifted research foci to include analyses of patterns and processes associated
with reforestation. The regeneration and conservation of forests is an increasingly
important component of global LULCC patterns (Nagendra and Southworth 2009).
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o this chapter, we focus on reforestation, forest conservation, and lgnd degradatiqn
. forested landscapes, and semiarid savanna or drylands, with particular emphasis
"}aced on these processes as they occur within African landscapes.

The regeneration and conservation of forests is an increasingly importfint.compo-
pent of global LULCC patterns. Forest restoration and expansion have significantly
reduced the net loss of the forest area in sub-Saharan Africa, though only 16..4%
(74,585 ha) of forest area on the continent is designated primarily for conservation.
Generally, forested areas in the tropics are converted to other land uses, particularly

.cultural land uses (Brown and Lugo 1994) and in some African cont.exts to
urban growth. Protection of forests (or other landscapes) within this context is often
undertaken in the form of protected areas. In some regions, these prqtected area
landscapes are more successful than others; across our three case studies, the rple
of protection of landscapes and their associated biodiversity can bc? evaluatgd using
remotely sensed analyses. As the number of protected areas continues to increase
worldwide, evaluation of their effectiveness and monitoring becomes increas‘ingly
important. In this chapter, we evaluate different types of landscapes and mosaics of
protected-unprotected lands and land-cover types. .

LULCC in drylands is estimated to affect 250 million people, an estimate that is
likely to increase considerably with climate change (Reynolds et al. 2007). With the
adoption of programs such as the Convention to Combat Desertification (CCD) ar_ld
frameworks like the Drylands Development Paradigm (DDP) to tackle economic,
social, and environmental issues associated with arid and semiarid areas, studies
of human-environment interactions in dry and semiarid regions of the world are
increasingly relevant.

Widespread LULCC is expected in the semiarid savannas of Africa as a result
of changes in climate patterns and increasing human populations (Archer et al.
2001). The discussion of LULCC in African savannas centers on shifts in vegetation
composition, specifically a decline in tree cover. Changes in tree cover within
savanna systems impacts the productivity of the system, modifies the availability of
resources for both wildlife and humans, and holds the potential to greatly impact
earth-atmosphere interactions (Beerling and Osborne 2006; Ludwig et al. 2008;
Ringrose et al. 2002). Unlike forests, savannas have a discontinuous tree canopy
that is fundamental to savanna functioning as it increases structural complexity
and influences biomass allocation and microhabitats necessary for the success of
other species (Belsky et al. 1989; Scholes and Archer 1997). Declines in tree cover,
therefore, reduce availability of herbaceous resources, which in turn can result in
degradation of habitat for wildlife and loss of direct (trees themselves) and indirect
(presence of wildlife used to attract tourism to the region) resources for human
populations.

As already mentioned, throughout Africa, parks have been the principal strategy
used to manage and conserve landscapes, both forested (see Sect. 8.2) and savanna
(see Sects. 8.3 and 8.4). More recently, considerable attention has been paid to
intertwining “win-win” conservation and development schemes into the manage-
ment portfolios of African countries. One such scheme widely used in African
savanna landscapes is community-based natural resource management (CBNRM).
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The incorporation of CBNRM in landscape management within Africa reflectg
the shift in management approaches to strategies that combine natural Tesource
management with development by incorporating local communities in the resourgs
management process (Child 2009; Nelson and Agrawal 2008). CBNRM is currently
being combined with park establishments to manage the savannas and addregg
shifts from tree-dominated savanna habitat to a largely shrub-dominated landscape
(Ringrose et al. 2002).

8.1.4 What This Chapter Addresses

The remainder of this chapter will address three case studies. The first one
examines the monitoring of land-cover change and management strategies used in
a forested landscape in Uganda. The second case study describes the impacts of g
fence designed to separate wildlife from livestock, which cuts across a moisture
and vegetation gradient in the southern Okavango Delta region in Botswana,
The third one explores the utility of advanced remote sensing methodologies to
quantify vegetation components and monitor the effect of management strategies in
Caprivi, Namibia. Together, these three studies represent a variety of land cover
and management types across this region and are useful examples of the types
of human-environment questions in which we can use remote sensing in Africa,
The landscape studies range from forested parks to savanna regions in complex
human-environmental situations and management schemes. Correspondingly, the
remote sensing techniques used to address these issues also vary from traditional
classification techniques and vegetation indices commonly found in the literature to
more advanced techniques of thermal analyses and object-oriented classifications,
Hence, as we progress through the case studies, a suite of situations, methods, and
approaches is presented within the African context.

8.2 Case Study: Uganda

8.2.1 Land-Use and Land-Cover Change in and Around Parks
in Uganda

Uganda’s forests are under continuous threat of conversion due to population
growth, in-migration, and intensive agriculture. Over 80% of the land in Uganda
is used for small-scale farming (Mukiibi 2001), and continued population growth
leads to added pressure on the land. Forests in Uganda are widespread and complex,
representing one of the most dominant forms of land cover in Uganda, covering
approximately 4.9 million ha of the country’s total land surface (24.1 million ha,
NEMA 2001). Nearly 3 million ha of forests and woodlands remain unprotected
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and are used by nearby communities for various purposes (NEMA 2001). They
gre important to the livelihoods of neighboring communities in several ways.
They provide thatch, handcraft materials, medicines, food, fuel, building poles,
timber, and other resources (Hartter 2010). Nationwide, unsustainable domestic
wee harvesting for firewood and non-timber forest products continues (Kayanja
and Byarugaba 2001). Forest conversion continues to transform landscapes into
other land uses such as farming, woodlots, and pasture. Although estimates vary,
Uganda continues to lose between 0.8 (NEMA 2001) and 3% of closed-canopy
forest annually. In particular, the Albertine Rift region, one of the world’s hotspots
for biodiversity (Cordeiro et al. 2007; Plumptre 2002; Plumptre et al. 2003, 2007)
is also one of the most threatened in the world due to dense, intensive smallholder
agriculture, high levels of land and resource pressures, and high rates of habitat loss
(Brooks et al. 2001; Plumptre 2002).

Patterns of land-cover change in most tropical developing countries relate sig-
nificantly to anthropogenic impacts occurring across multiple spatial and temporal
scales. Therefore, landscapes around parks, particularly in tropical forested areas,
are important because they represent reservoirs of land, resources, and economic
opportunities for people and simultaneously are often viewed as buffers for parks
by managers. Whereas human populations around savanna parks usually are limited
by low and sporadic rainfall, which strongly constrains agriculture, forest parks in
the tropics often occupy and/or are surrounded by land that is highly suitable for
agriculture (Goldman et al. 2008). As such, landscapes around parks in eastern and
southern Africa have become mosaics of interacting natural and human-influenced
patches.

In forest park landscapes, forest is an important land cover since the local
human population has been restricted from park resources (timber, building poles,
and firewood). Without access to the park, we would expect that population
growth and resource and land needs would lead to pressure on land and resources
outside the park. In particular, unprotected forests are vulnerable to exploitation
and agricultural encroachment. This increased pressure leads to local action where
continuous landscapes are disaggregated: conversion of land to agriculture, pasture,
and woodlots. On their own, land-use decisions and management manifested on
10-, 20-, or 40-ha parcels result in a relatively small footprint that often is invisible
at broader scales. However, together the choices and behaviors of many households
break up continuous landscapes into smaller parcels. Gradient landscapes that once
transitioned from forest to grassland to savanna have been converted to small farm
plots. The accumulation of many small land-use decisions can have dramatic and
long-lasting ecological impacts, such as fragmented wildlife habitat, decreased seed
source, and diminished ability to provide resources.

While vegetation in parks often remains intact, population growth and resource
pressures lead to further conversion. Continued use and conversion of these forests
leads to further landscape fragmentation. In turn, this puts additional pressures onto
the park as its rich resources become an increasing temptation in a resource-poor
environment. The impacts that fragmentation has on both wildlife and vegetation
within a fragment and, perhaps more importantly, the impact of loss of intact habitat
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and wildlife on the people relying on the remaining fragments are important tq -
derstanding and protecting against future decline. As fragments decline and become
more degraded, encroachment into the park may increase to collect resources, while
at the same time the number and severity of human-wildlife incidences may algy
increase as well.

In this section of this chapter, we examine land-cover change and forest.
productivity change in a forest park landscape. The landscape in and around Kibae
National Park (Kibale) in the Albertine Rift of Uganda is emblematic not only of
population and resource pressures—issues threatening other forest parks—but s a
particularly good example of a natural gradient landscape that has been interrupteq
and replaced with discrete transitions and clear boundaries. Due to anthropogenic
pressures, the natural gradient has been replaced by a landscape of discrete lang.
cover classes and abrupt edges between land-cover types. The transition from moisy
mid-altitude forest to savanna has been halted due to large-scale land conversiog
and intensive agriculture, thus transforming the configuration and extent of land-
cover classes. As a result, natural variation and the recognizable gradient of natura)
vegetation cover types over space have been removed.

8.2.2 Kibale National Park

Kibale National Park is a mid-altitude tropical moist forest covering approximately
795 km? in western Uganda. This transitional forest (between lowland rainforest and
montane forest) has an average elevation of 1,110-1,590 m and is a remnant of g
previously larger mid-altitude forest region (Struhsaker 1997). The climate is warm
throughout the year, with an average range of 15-23°C and a mean annual rainfall
of over 1,600 mm (1970-2009, T. Struhsaker and C. Chapman, unpublished data).
The bimodal rainfall pattern produces two major rainy seasons (long: late February
to early May; short: late August to late November) (see Fig. 8.1).

Prior to the elevation to a national park in 1993, Kibale was designated a forest
reserve since 1932, with the main objective to provide a sustained production of
hardwood timber (Struhsaker 1997). Logging was conducted at regular intervals
between 1950 and 1975 at variable intensities (low to high), but mostly between
1967 and 1969, resulting in large forest gaps and variable forest disturbance in parts
of Kibale (Hartter et al. 2009). Harvested areas were allowed to regenerate naturally.
During Uganda’s political upheaval in the 1970s and 1980s, the plantations were
not managed (Chapman et al. 2002), and as early as 1971, illegal destruction
and encroachment occurred in the corridor, which led to forest conversion to
farms. Management plans changed when Kibale became a national park in 1993.
In 1964, the Kibale Forest Corridor Game Reserve, along the western flank of
the reserve that connects to the northern edge of Queen Elizabeth National Park,
was gazetted (formally published as government land) and administered as a
separate entity until it was merged with the reserve to create Kibale National Park
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Fig. 8.1 Study area map of Kibale National Park and Corridor region and its location in Uganda

(Struhsaker 1997). The estimates of people who had settled in the corridor during
Uganda’s 20 years of political unrest vary considerably (8,800—170,000), but all
were evicted by 1993 (Chapman et al. 2010). This corridor is a mixture of forest
and grassland, as it transitions from mid-altitude forest to savanna wpodland and
then to savanna of Queen Elizabeth National Park. As a result of this settlemept
and abandonment, some of the forest was converted to farmland, which was in
turn abandoned following eviction. Much of the abandoned farmland reverted to
shrub and bush (dominated by pioneer species such as Acanthus pubescens) l.Jut
also grassland. Since 1995, Uganda Wildlife Authority and the Forests Absorbing
Carbon Emissions (FACE) Foundation have established a program to reforest some
of the former game corridor (Omeja et al. 2011).
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Human population surrounding Kibale has increased sevenfold since 1920 and
exceeds 270 people/km? at the western edge (Hartter and Ryan 2010). Populatigy,
growth is between 3 and 4% per year, which is among the highest rates in the world,
Outside Kibale, the landscape is a mosaic of small farms (most <35 ha), large tea
estates (>200 ha), and interspersed forest fragments and wetlands that are isolateq
from the park (Hartter and Ryan 2010). In the Kibale landscape, the vast majority
of the population is subsistence farmers. People in the area belong primarily to twg
ethnic groups: the Batoro (west side) and the Bakiga (southwest and east side),
The once dominant Batoro population has been surpassed in many communitieg
around Kibale by the Bakiga. The Bakiga have been immigrating to the Kibale arep
from southwestern Uganda since the 1950s seeking land and employment on the
tea estates. Both dominant ethnic groups plant a mixture of subsistence (bananas,
maize, beans, and cassava as the main staple foods) and cash crops.

8.2.3 Methods

We monitored and assessed forest change within the park and the surrounding
landscape over the previous three decades, using both discrete and continuous data
analyses of satellite imagery. We augmented land-cover classifications and change
trajectories of land use with NDVI as a proxy for forest productivity.

8.2.3.1 Image Preprocessing

Three Landsat TM and ETM+ scenes were obtained for this study: 26 May 1984,
17 January 1995, and 31 January 2003. All were acquired at the end of the dry
season when fallow agricultural lands can be easily distinguished from forests,
except for 1984, which was acquired at the end of the rainy season since this was
the only available haze- and cloud-free image. Images were geometrically registered
to 1:50,000 scale survey topographic maps of the region, followed by radiometric
calibration and atmospheric correction. All images were georegistered to within a
root mean square error of <0.5 (below 15 m accuracy).

8.2.3.2 Land-Cover Classification

Land-cover maps were derived for each date by independent supervised classifi-
cation for three Landsat TM and ETM+ scenes: 1984, 1995, and 2003 (Hartter
et al. 2009; Hartter and Southworth 2009; Southworth et al. 2010). The 1984
image provides baseline data prior to official park establishment, the 1995 image
captures conditions close to park establishment, and the 2003 image corresponded
to training data. The most useful classification for this study identified five land-
cover types: (1) forest, (2) crops/bare land (including pastures, cultivated crops, and
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hen gardens), (3) papyrus (Cyperus papyrus L.) and elephant grass (Penn.isetum
ureum), (4) tea, and (5) water. The accuracy assgssrpent for the 2003 image,
pu.rp field samples collected in June and July of 2005, indicated an overall accuracy
e 1%, with a Kappa of 0.867 (Hartter and Southworth 2009). The classifications
3 89'don,e independently for each image and were not based on the same spectral
w'Ienzuures due to a lack of exact anniversary dates, although the pattern of land-
e r signatures was consistent across all image dates.
cov’;he 1984, 1995, and 2003 land-cover composites were used to create change
ajectories, that is, sequences of successive changes in land-cover types (Petit et al.
gojol), This technique is used to determine the change between m'/o or more time
eriods of a particular region or for a particular land cover apd provides quantitative
?nformation on spatial and temporal distribution of categones of land-cover change
and landscape fragmentation (Brockington 2006; DeFries et al. 2005; Ferraro and
Kiss 2002; Parks and Harcourt 2002; Schelhas and Greenbe.rg 19?6; Walthef eF al.
2002). We wanted to understand the dominant land-'cover trajectories, SO we limited
the number of possible trajectories to only those main 1andscap§ conversions. Land-
cover classes examined here are areas forested on all three image dates (stable
forest), areas of wetland and grasses on all three image. dates (wellapd or grassland),
and areas of agriculture on all three image dates (agriculture), which represent the
three stable land-cover classes in the region. Next, we have two conversion classes
of interest: reforestation (when agriculture, wetland, or grassland on date one or
date two is forested by date three) and deforestation (any area of forest on date one
or date two that is non-forest—agriculture, wetland, or grasslan.d—or.x datfa thrge).
Water was excluded from this analysis as the crater lakes predominant in this region
do not vary in area.

kitc

8.2.3.3 NDVI Change

Given the absence, presence, and extent of forest, we can no.v».' use the NDVI ?nalysm
to examine productivity. To understand within-class variability and change in forest
productivity, additional cloud-free, dry season Lan.dsat TM and ETM+ scenes
supplemented those used for the land-cover classification: 4 August 198§, 20 August
1989, 9 January 2001, and 11 September 2008. The same preprocessing protocol
was followed. We calculated the NDVI value for each image and adjusted NDVI
values for the 2001 and 2003 ETM+ images to TM values (Stevens et al. 2003).

8.2.3.4 Results

Land-cover classifications from the three time periods show exueme contrast
between the park and the surrounding area. Forest re.mains the domma.n[ land-
cover type within Kibale (Fig. 8.2, Table 8.1). Over time, park boundaries have
been maintained, with no evidence of large-scale encroachment. Most of the park
is stable forest (79%), some has been regenerating since 1984 (11%), and only
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Fig. 8.2 Land-cover classifications resultant change trajectory
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Table 8.1 Forest-cover change over time across the different landscape components
Former forest reserve  Former game corridor ~ Surrounding landscape

Land cover Year % ha %o ha T ha

Forest 1984 86.6 48,825 36.0 8,525 319 23,563
1995 869 48,528 392 9,293 343 23,696
2003 90.6 51,096 372 8819 29.2 21,324

Table 8.2 NDVI values and proportion of forest for each image date

Unlogged area in former forest reserve ~ Logged area in former forest reserve

Forest NDVI Forest NDVI
. Year (% area) Mean StdDev Year (% area) Mean Std Dev

1984 86.1 0.570 0.071 1984 88.5 0.669 0.050
1986 85.8 0.581 0.053 1986 89.6 0.638 0.050
1989 85.8 0.604 0.051 1989 89.6 0.650 0.046
1995 85.8 0.533 0.046 1995 89.6 0.600 0.049
2001* 90.3 0336 0.067 2001* 91.0 0386 0.066
2003* 90.3 0.448 0.049 2003* 91.0 0.488 0.050
2008 90.3 0.609 0.049 2008 91.0 0.644 0.046
Surrounding landscape Former game corridor

Forest NDVI Forest NDVI
Year (% area) Mean StdDev  Year (% area) Mean Std Dev
1984 319 0.645 0.063 1984 36.0 0.630 0.068
1986 343 0.603 0.071 1986 39.2 0.584 0.070
1989 343 0.600 0.085 1989 39.2 0.575 0.091
1995 343 0.575 0.045 1995 39.2 0.548 0.045
2001*  29.2 0413 0.069 2001* 37.2 0.407 0.078
2003* 29.2 0.503 0.051 2003* 37.2 0.376  0.050
2008 29.2 0.629 0.078 2008 37.2 0.637 0.068

Proportions for 1985 and1989 were estimated using the 1995 land-cover classifi-
cation; proportions for 2001 and 2008 were estimated using the 2003 land-cover
classification.

*Adjusted NDVI values (Stevens et al. 2003)

about 4% of park area is deforested (Fig. 8.2, Table 8.2). Unlike in the park, the
corridor maintains much more of this transitional landscape to savanna. In the
corridor, only 20% of the forest has remained since 1984, while the corridor also
sustained 16.4% deforestation, with almost 11% of this being recent (since a year
before being gazetted). Reforestation has increased over the period of record, with
overall reforestation in the corridor at 16.6%. Grassland is the dominant land cover.
While the land-cover classification classified some areas in the park and corridor
as agriculture, there is no agriculture within the park, and these misclassified areas
actually represent areas of short grasses, shrubs, and regenerating stands that remain
from previously harvested pine plantations.

Outside the park, however, the domesticated landscape is in a state of flux in order
to support local livelihoods. The surrounding landscape is a fine-grained mosaic of
all the land-cover classes, with crops/bare and forested land covering nearly equal
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areas, papyrus/elephant grass and tea plantations around the northern boundarieg of
the park, and a network of riparian or bottomland forests and papyrus and other
wetlands interspersed throughout. Conversion of forest continues at a much higher
rate, while there is some effort toward reforestation. Although there is an Overa]]
loss of 2% total forest, only about 16% of the forest outside Kibale has Temaineq -
stable since 1984. This area has experienced higher reforestation rates as the pary 5 ™\
but has also had nearly 25% deforestation.

In examining the natural forest landscape without the anthropogenic signal, we
have removed the agriculture land-use classes (tea and crops). In doing so, NDvI
composites were created for forest within the park (including the former game PO - oK
corridor) and the surrounding landscape (Fig. 8.3). Within the park, the higheg "--R.&-—--—-«-—-——---;;—\"gw"(
NDVI values are found in the northern section of the park, which were logged < 3'
between 1950 and 1975 and are now regenerating forest. The rest of the park, which
has not been commercially logged, shows NDVI values below the mean. The logged s
area within the park has higher mean NDVI values compared to the entire park angq
the surrounding landscape for all image years (Fig. 8.3). There is also an increasing
gradient of NDVI in the park from the lower elevations in the east and south to the
higher northern forests, which may also be related to the logged-unlogged areas,
Over time, there is a general trend of decreasing NDVI (Table 8.2, Fig. 8.3). So
while the park has maintained and increased forest cover, amount or area, quality or
productivity of that forest cover has actually declined over time.

Within the corridor, NDVI values varied about the landscape average within a
similar range to the fragments and logged area, with the striking exception of 2003,
when the area logged (Fig. 8.3) had a lower NDVI value than any other forest
category in that year and the largest difference from the intact forest of any category
in any year. Outside the park, forest fragments have a higher-than-average NDVI
value in all years except 1989, and in 2001 and 2003, the highest mean NDVI values
overall. In addition, most individual fragments had above-mean NDVI values for
each image year.

Establishing parks is the primary mechanism used to protect tropical forest
biodiversity (Oates 1999; Terborgh 1999; Terborgh et al. 2002), particularly in
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regions with high human densities. Park landscapes protect and maintain threatened

or endangered, often endemic, flora and fauna (Hartter et al. 2009). But if they are P |
going to do so to the detriment of the surrounding landscape, perhaps a different P )
approach to conservation is necessary. Since most parks are ecosystem remnants ) :
of a limited size, it is important to consider each park as a component of a larger -~
landscape (DeFries et al. 2005; Parks and Harcourt 2002), and the fates of biodi- e ) |
versity in parks and the surrounding landscapes are inextricably linked (Chazdon 2t s ‘,i- m”;}}’ _
2008; Chazdon et al. 2009; Schelhas and Greenberg 1996). By considering whole """“"”""""'""‘TLE‘:"," 1
landscapes, we can more broadly assess and monitor the long-term and multiscalar SNy
changes in and around parks. Whether or not the park has caused the drastic
landscape transformation is certainly debatable, but it may have played a role.

The presence and use of forest fragments outside parks illustrate the inter-
connected nature between a park and the surrounding domesticated landscape.
The remaining fragments outside the park may serve as a buffer to the park,
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Fig. 8.3 Standardized NDVI images showing variation over space and time for these vegetated forest regions
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by providing resources to people that would otherwise be extracted from
park. Knowledge of the impacts that fragmentation has on both the wildlife and
vegetation within a fragment and, perhaps more important, the impact of loss
of intact habitat and wildlife on the people relying on the remaining fragmenyg
is essential to understanding and protecting against future decline. As fragmenyg
decline and become more degraded, encroachment into the park may increase to
collect resources, while at the same time the number and severity of human-wildlife
incidences may also increase as well.

The Kibale landscape is a good example of park landscapes that have been parti-
tioned and where extensive population growth and settlement has led to large-scale
land-cover transformation. In particular, forest and grassland conversion hag re-
moved much of the natural gradient from one land-cover class to another. What hag
been produced is a collection of parcels of discrete land-cover types. In landscapes
such as this, the wildlife corridor may be an important mechanism to restore this
natural gradient that has been abruptly halted. The corridor was initially gazetted to
allow for the free movement of animals, particularly elephants (Loxidonta africana),
between forest areas to the north and Queen Elizabeth National Park to the south
(Baranga 1991). This corridor is important not only because it facilitates recovery
and maintenance of tree and animal species of conservation concern but also because
it represents a purposeful effort to maintain and restore the natural gradient. In
this setting, where land and resource pressures accompanied by population growth
are in fierce competition with conservation objectives, little natural gradient will
exist unless it is created. In the case of Kibale, the man-made gradient (corridor) is
important because it may allow for connectivity over space, which will become ever
more important under future global environmental change. Restoration efforts are
underway to restore degraded forests, which may further improve the corridor to act
as a transition between mid-altitude forest and savanna ecosystems.

Land-cover classifications provide a particularly effective tool for an analysis of
landscape dynamics in Kibale. Much of the natural variability and gradient between
forest and savanna has been removed due to agricultural conversion and intensifica-
tion, which in turn has created a landscape of discrete, interlocking patches. Forests
do not transition to scrub woodland and then to grassland, but rather there is an
abrupt edge between forest and crops. Thus, a land-cover classification can be used
to assess and monitor direct loss of specific cover types (e.g., forest or wetlands)
over time. As this breakup continues, these spatially explicit classifications allow
further evaluation of the transition out of natural variability into these discrete units
to examine land-cover arrangement and fragmentation, factors with critical effects
on park landscapes.

The viability and sustainability of forested ecosystems depends not only on suc-
cessful park establishment and management but also on the ability to monitor their
change in spatial extent and productivity. Continuous data analysis can supplement
discrete analyses to examine more subtle, within-class variability (Southworth et al.
2004). In the heterogeneous landscapes around many parks, where land parcels are
relatively small and land use is highly diverse, continuous data analyses can provide
more revealing spatial analyses focused on biophysical indicators such as is the
case above for forest health and in the following case studies (Sects. 8.3 and 8.4) for
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wual land-cover analysis; the next two cases represent r.e.gions v.vhere traditional
e ver classification approaches have only limited utility. This Ugandan case
'a“d'cgms sets the stage as an exemplar of both continuous and discrete approaches
Study' unison to better represent the landscape dynamics. However, as we continue
uscd me south across the African landscape and our focus on savanna increases, so
i m;:st our reliance on continuous remote sensing approaches and newer analysis
8315 within the field of remote sensing.

g3 Case Study: Southern Okavango, Botswana

8.3.1 Introduction

The challenges to studying and managing human impac.ts on savannas lie partigll)f in
that savannas are gradient landscapes and the changes in the e.cologlcal functioning
tend to be subtle and steady along a given geographical axis rather than abrupt.
Savannas are essentially one land-cover type, but because they cover such large
spatial extents, this categorization is not useful to management activities. Fu@er,
though the variations may not have distinct boundaries, they are very real gradations
(Scanlon et al. 2007), such as canopy closure (closed woodland, oper} woodlanfl)
and plant structure (woodland, scrub, grassland), which lead to strong dlfference;s in
the availability of different ecosystems services at the opposite end.s of the gradient.
Within the same category, for example, grazing might be a dominant land use at
one end of the gradient, while timber harvesting is most important at the otl"ler.
Additionally, savannas tend to be patchy, with combinations of wooc?y .vegeta‘tlon
and grass distributed heterogeneously across the landscape, even within a given
gradation range (Scanlon et al. 2007). ' ' .

In addition, it is important to be able to capture and interpret the mteractlon's
between the spatial gradients of vegetation cover and between the temporal gradi-
ents in influential factors, such as successively drier rainfall years for an extended
period (Ringrose et al. 2005). Scale is a key consideration as well. While the savanna
level itself is too large for monolithic management decisions, the srpallness of the
patch level, which in Botswana’s savannas is on the order of mag.mtude_ of meters
squared, is challenging to focus on over large areas using readily available, but
coarse-resolution, remote sensing data (see, e.g., the methodological concerns of
Saura 2002). This challenge of scale means that analytical tools themselves shou!d
focus on the savanna landscape as a dynamic and continuous surface rather than in
terms of discrete classes (Southworth et al. 2004). The impact on landscape-leyel
environmental functioning of fencing off different forms of land use has had a high
profile in the ongoing conservation-development debate (Berkes 2004; 'Brandon
et al. 1998; Brechin et al. 2002; Brockington 2002; Chapin 2004; Chomitz 1994,
Redford and Sanderson 2000; Spierenburg and Wels 2006; Wilshusen et al. 2002).
Fences remain a contentious issue, both socially due to loss of access to res01.1rces
and ecologically because of the impact of curtailed animal movements on herbivory
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and soils (James 2003; Pollard et al. 2003). In Botswana, fence line studies haye
largely highlighted degradation due to livestock and the impact of fences on wildlifs
populations (Albertson 1998; Mbaiwa and Mbaiwa 2006; Perkins and Thomag
1993; Williamson and Williamson 1981), reinforcing the idea that wilderness arepg
need to be “protected” from agricultural expansion. In 1982-1983, the Southery
Buffalo Fence was erected toward the distal end of the Okavango Delta to separate
Cape buffalo (Syncerus caffer), known carriers of foot-and-mouth disease, from the
cattle that formed an important part of Ngamiland District’s economy and cultura}
heritage (Campbell 1976; Government of Botswana 2003; Ngamiland District
Council 2002; Tlou 1972, 1976). With the implementation of the 1991 Ngamilang
Land Use Plan, this fence (consisting of two parallel fences 50 m apart) has alsg
become a boundary separating different land-use zones: wildlife management areag
and communal grazing areas. The vegetation differences between the two sideg
of the Southern Buffalo Fence along the Matsibe sandveld tongue are so strong
that they are clearly visible on vegetation maps, even at a scale encompassing the
whole of Africa. There is now an abrupt boundary of land use cutting across the
land-cover gradient. Understanding the nature of the change, and its likely causes
and consequences, is critical if the Botswana government is to be able to meet its
obligations of sound, science-based management of the Okavango Delta Ramsar site
as a signatory to the convention. In this section of this chapter, we present findings
related to changes in land cover over time on the two sides of the fence.

In terms of human-environment interactions, the fence itself does not impact
the landscape. Instead, the effect is more indirect, through its impact on animal
movements, which then affect the environment (Albertson 1998). Scale plays an
important part in assessing the overall impact of the fence as well, as any changes
in ecosystem functioning and services, such as biodiversity, may involve a change
that brings about reduction on one side of the fence but an overall increase for the
landscape as a whole (cf. Crist et al. 2003). Further, policies like the decision to
fence wildlife off from livestock are themselves an indirect interaction of humans
with the environment and tend to operate at broad, regional scales, while the effects
on the landscape are often more localized due to environmental variation. We hope
to inform policy makers by exploring the causes and consequences of the fence’s
presence. Here, we focus on an initial assessment and ask, What is the general
nature and degree of change in vegetation associated with the Southern Buffalo
Fence, after controlling for underlying factors such as soils and the history of the
fence alignment?

8.3.2 Study Area

Botswana is a sparsely populated but politicaily stable country lying between 18°
and 27° south and between 20° and 29° east. Much of its surface area comprises
semiarid savanna, and as such, the wetlands of Botswana’s Okavango Delta, and
the wildlife they support, are among the country’s most important economic and
ecological features (Murray-Hudson and Crisman 2003). As a permanent source
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Fig. 8.4 Map showing the location of the Southern Buffalo Fence, visible as a boundary between
areas of high and low reflectance in Landsat imagery from 2007. The fence separates two forms
of land use—the economically important wildlife management areas where safari tourism is
conducted and the socially important tribal grazing areas where rural people raise cattle, goats,
and sheep

of freshwater, the system attracts and supports an abundance of plant and animal
life. However, the presence of vector-borne diseases that affect both humans
and livestock has until recently kept human population levels low (Tlou 1985).
Economic growth associated with the burgeoning wildlife-based tourism industry
conflicts with the traditional livestock economy, primarily through the need to
separate wildlife, as disease vectors, from cattle (Campbell 1976; Ngamiland
District Council 2002; Tlou 1976).

The Southern Buffalo Fence is located in the southwestern distal end of the
Okavango Delta wetlands. It bisects a sandveld tongue that runs between the
seasonal Matsibe and Kweeni river systems (Fig. 8.4). Due to its remoteness, and
the historical presence of tsetse flies, the area is largely uninhabited. A time series of
satellite imagery of the Okavango Delta reveals a marked reduction in the standing
productivity of sandveld vegetation to the north of the Southern Buffalo Fence
relative to the south side, where the fence crosses the sandveld tongue (Fig. 8.5).
What is important is that the area that has exhibited most vegetation change—
an apparent loss in tree cover and diversity and a reduction in standing plant
biomass—is inside the protected wildlife management area, while the open-access
tribal grazing area appears little changed.

In the tribal grazing area, two small villages sit within 30 km of the fence.
However, most livestock are kept out at cattleposts, most of which are equipped
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Fig. 8.5 False-color composite Landsat imagery showing pre- and post-fence vegetation condi-
tions along the sandveld tongue. Vegetated areas appear dark to bright red, water appears black,
and areas of senescent or no vegetation appear green-blue to white. (a) shows the location of the
study area relative to the entire Okavango Delta. (b) shows the study area in 1979, prior to the
construction of the Southern Buffalo Fence, while (c) and (d) respectively show 8 and 25 years
post-construction

with boreholes to access groundwater. Land is communally owned, and with the
centralization of government since independence, local headmen have lost much of
their power, and resource use tends to be under an open-access regime (Cassidy
2000; Ostrom et al. 1999). Within the part of the wildlife management area
addressed here, three luxury safari lodges have been developed. Access to the area
is restricted under the conditions of a concession lease accorded to tour operators.
Although concessionaires are obliged to produce management plans, this is more in
terms of their infrastructure and activities, and decisions about management and
off-take of wildlife tend to be dictated by the central government. Importantly,
management decisions at the broad scale, such as the decision to build disease-
control fences, are all made by the central government, which has implications for
the management choices that those residing in the area can make.

8.3.3 Methods

Two analyses were conducted. The first was a series of paired-point land-cover
assessments along the fence. The second was a time-series analysis of continuous

e Monitoring of Land-Cover Change and Management across Gradient. .. 185

g Th

Landsat TM5
Path 175 Row 74
22nd Aprit 2007

15 20 i ; 'y : rgb=543
L-_—_- e Kilometers : - §aal! A i

Fig. 8.6 Locations of paired points and polygons for analyses. The paired pqints (red and yellow
dots) follow along the fence, with points 250 m apart across the fence and pairs 2 km apart along
the fence. The polygons are shaped to avoid the influence of riparian zones and to cover comparable

soil units

surface characteristics derived from satellite imagery dat.a within paireq polygons
over large areas on each side of the fence (Fig. 8.6). Elrst, however, in order Fo
control for underlying factors, the potential roles of soils and land-use factors 1’n
influencing vegetation differences were explored. tl’he -Souther‘n Buffalf) Fence’s
alignment does not follow the boundary of any soil units and in fact blS'C(flS two
large soil units. These are a predominantly arenic zone to the east, comprising th.e
sandveld tongue proper, and a more calcic and sodic area to the west (.Flg. 8.7). This
means that any differences between the two sides of the f.ence are .un.hkely t9 be due
to underlying soil conditions. The history of the fence alignment is 1pteresF1ng. The
fence was placed along an old hunting concession boundary (established in 1979).
However, the concession boundary itself was not arbitrary—it followed the'ol_d track
between Maun, the district capital, and Habu village. The factor determining the
alignment of the track lies in its main purpose—the moving of ca-ttle from these
remote bush areas to the district center for sale. The track has been' in existence for
over 70 years, and its alignment is probably related to the southern hmlt'of thtz tsetse
fly, a disease vector for livestock, as shown in Stigand’s 1923 map. Stigand’s map
also shows the southern limit of mopane (Colophospermum mppane) to be further
north than the alignment of the road and therefore the current alignment of the fence.
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Fig. 8.7 Overlay of sampling points and polygons on soils map, showing large brown polygons
in the Matsibe area (eastern pair) covering predominantly arenic soils on the sandveld tongue and
narrow orange polygons in the Habu area (western area) on calcic to sodic soils

Starting at the southernmost bend in the fence, 20 paired-point assessments of
land-cover types were done, each pair 2 km apart along the fence. The points
were located 100 m perpendicularly away from each side of the fence, making
the points of each pair approximately 250 m apart. At each point, land-cover
characteristics for an area of 100-m radius surrounding the point were noted. The
number of pairs obtained was limited due to challenges of accessibility and drinking
water availability. Two-sided, paired sample t-tests were run for key land-cover
characteristics.

Landsat imagery was obtained, georeferenced, and radiometrically and atmo-
spherically calibrated (Green et al. 2002). The imagery covered both rainy season
(April/May) and dry season (Aug/Sep) scenes for 6 years: MSS2 in 1979, prior to
the fence being constructed; MSS5 in 1984, shortly after the fence was constructed;
TMS5 in 1990 and 1997; ETM+ in 2000; and TMS in 2007, representing successive
post-construction time steps. By conducting separate analyses on the wet and dry
imagery, phenological variation due to seasonal changes could be accounted for.
Tasseled cap transformations were run to extract soil brightness (and moistness from
1990 onward), and the TM and ETM+ thermal bands were calibrated to degrees
Celsius (also only from 1990 onward). Although all vegetation indices, including
soil-adjusted vegetation indices, are known to be problematic in semiarid savannas
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1e 8.3 Differences in general land-cover characteristics at 20 paired points 250 m apart on
'the: side of the buffalo fence
= cteristic for Mean value for

i Result of paired
00 m cattle side of Mean value of

iy 11 Og(g;:(alrea fence wildlife side of fence sample t-test/X? test

e = —3.908

—atage © i 42.2% 63.0% t .

Percentage exposed soil c Y

percentage covered by 9.8% 6.2% Not sig.
tree canopy _

i 28m 1==2.5968

Average canopy height 40m oy

Average height of 6.2m 55m Not sig.
emergent trees .

Average rank for canopy 13 1.0 Not sig.
dbh (from
1=2—10cmto
6="75—100 cm) '

Average rank for 2.3 2.1 Not sig.
emergent dbh (from
1=2—10cmto
6="75—100 cm) _

No. of points with 9 4 Pejr(s)o(r))9 T 2.849
thornveld as main p=0.
vegetation association

No. of points with 14 7 geir(s)c.)&? 4912
woodland, not scrub,
as main vegetation
structure

Note: dbh diameter at breast height

(Ringrose et al. 1989, 1998), transformed NDVIs (TNDVIs) were run for‘ all years.
The resultant surfaces were subset to pairs of polygons—named here Mat51be.(to Fhe
east) and Habu (to the west)—in order to remove the influence of the riparian
zones on the north side of the fence (Fig. 8.6). For each polygon pair, .and for
each surface of interest, the mean and standard deviation values within the livestock
polygon were subtracted from those for the wildlife polygon. These values were
then compared over time and for the different seasons.

8.3.4 Results

At the paired points, there were distinct differences betwgen the two sides. For
example, at 16 of the 20 pairs, the points on the wildlife side had more exposed
soil than on the cattle side. Canopy height was lower at more than half of the
wildlife points, with mean height significantly lower for that side (Table 8.3). Even
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though the paired points were only 250 m apart, there were significant diffemnceS
in vegetation association and structure as well.

The Landsat thermal band, which is only present on TM and ETM+ platformg
shows that there is considerable interannual variation in mean surface temperaml.et
However, since 1990, the surface temperatures within the wildlife area have been
consistently hotter than in the livestock area by as much as 2°C during dry seasop
2007 in the Habu area, where the soils are darker (Fig. 8.8).

Tasseled cap band 3, which is found to represent soil moisture in TM apg
ETM+ imagery (Crist and Cicone 1984), does not have a comparable band iy
tasseled cap transformations derived from MSS imagery, so as with temperature
results are shown for 1990 onward only. The wildlife areas show slightly highe;
variation in moisture values, with the difference between the two sides particulaﬂy
marked in the Matsibe region, probably due to the sandy conditions there, where
exposed soils have low retention capabilities (Fig. 8.9). Note that the differences
between the means of the two sides have increased for 2000 and 2007 in the Hahy
area. However, in all instances except the first year in the Matsibe area, soil moisture
values are higher on the cattle side. Note too the strong inverse correlation with
surface temperatures, whose plotted data in Fig. 8.8 form a mirror image of the
moisture trends in Fig. 8.9.

The satellite imagery confirms the findings of the paired points, showing that the
mean soil brightness has increased on the wildlife side more than on the cattle side
since the construction of the fence (Fig. 8.10). This is the case on both the lighter
arenic soils in the Matsibe region and in the darker sodic soils in the Habu area,
The variability in wet season soil brightness has also increased inside the wildlife
area since the construction of the fence. The high soil brightness values in the wet
season on the wildlife side show the extent to which, even at the end of the growing
season, there is a high proportion of exposed soil, suggesting little vegetation cover,
This fact is confirmed by the values of the TNDVIs, which, though not shown here

because there is very little variability or trend, nevertheless show that in all years for

both seasons there is more vegetation present on the cattle side than on the wildlife
side.

8.3.5 Discussion

The paired point analysis suggests both composition and structural changes to
vegetation on the wildlife side of the fence, through a replacement of thornveld by
mopane and the removal of taller trees, are turning woodland into shrubland. The
lower tree heights and fewer thornveld trees on the wildlife side are likely due to the
impact of the large population of elephants, as there are many ring-barked and felled
acacia on the wildlife side (see reasons for this dietary preference in, e.g., Hiscocks
2008) and because mopane responds to elephant browse by hedging (Lewis 1986;
Smallie and O’Connor 2000). The higher amounts of exposed soil, particularly at
the end of the growing season at the points within the wildlife area, are reflected in
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data in other figures below) are in part an artifact of the coarser resolution of the

showing one standard deviation. The low standard deviations (compared to

thermal band
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the tasseled cap brightness values and give weight to the suggestion that there isa
significant reduction in standing biomass due to heavier grazing rates as a result of
truncated animal movements.

These landscape analyses provide corroborative evidence for the reductiop in
standing biomass inside the fence (i.e., within the wildlife management area),
Further work is being undertaken to relate this to any changes in plant diversity
and to the distribution of animal biomass (through current and past aerial survey
counts). Even without these data, however, the research raises further questiong:
Is the reduction in standing vegetative biomass actually a problem? While some
levels of grazing have been shown in other areas to enhance range quality ang
change diversity levels (cf. Cingolani et al. 2005), there is also the possibility that by
creating two adjacent but different habitat types, the overall biodiversity of the areg
has been increased, for example, by creating niches for birds that prefer grasslands
to woodlands.! Has the vegetation change in the wildlife area crossed a threshold
into a different state, and if so, what are the implications for future use options?
Certainly, as the landscape is now, the increased surface albedo and temperatures
have environmental consequences and, in this region, contribute to creating a hotter,
drier environment (Foley et al. 2005).

At the landscape level, the fence has also introduced a sharp boundary into
what was previously a gradient of change. Currently, given that neither area is
being actively managed in terms of stocking densities, this contrast is likely to
remain intense. Regular monitoring into the future and a finer temporal resolution
for satellite imagery may reveal the shape of the trend line of change, where it
asymptotes, for example. The question is whether a critical threshold has been
passed, such that a simpler, lower stable state has been reached (Walker et al.
1981), reducing options for future use even if good management interventions were
introduced (Daily et al. 2000). It is difficult to quantify what range of the landscape’s
vegetative gradient has been lost, although it is clear that the fragmentation imposed
by the fence’s presence is reducing wildlife-carrying capacities (see also Boone and
Hobbs 2004). At a more local scale, there are of course implications for management
of wildlife populations. This comes at a time when Botswana’s government has
decided to restrict safari hunting in this area, meaning that artificial population
controls, such as through culling, are unlikely to be an option. An alternative would
be movement of the fence alignment. Cost implications notwithstanding, it is likely
that moving the fence southward to increase the wildlife area would be culturally
unacceptable, since many people see the tourism industry as being exclusionary
(Mbaiwa 2005). There is also the risk of increasing wildlife populations and
systematically reducing standing vegetative biomass over a greater area. If the fence
were moved northward to decrease the wildlife management area, there would be
intensification of vegetation loss on the wildlife side of the fence but a reduction
of pressure on the existing area. However, this would have a consequent effect on

!Ongoing studies are assessing diversity of grass, woody vegetation, and birds on both sides of the
fence.
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wildlife populations (cf. Wallgren et al. 2009) and decrease the lucrz.ztive returns
e tourism in this area. Discussions of these options may be moot given current
e sals to develop a string of fenced game ranches on the southern side of the
B to further increase the buffer between disease-carrying buffalo and cattle,
F even greater fragmentation (Western et al. 2009). The luxury of being able
causrlgjict or plan far enough into the future to explore a scenario where wildlife
::lg Jivestock can coexist (Western 1989) tends to evad.e planners and policy makers
who are tied to 2 short-term planning horizon by election results. .
In the next section, we continue to address the challfangeg, of stqdymg savanna
environments and building from the work presented in this section to try aqd
link to the standing vegetation type and structure, as seems: necessary in th.15
jandscape. This section has addressed well the role of .contmuou's analyses in
studying landscape change. Next, we increase our spgtml. resolution (decrease
extent) and link our landscape components to remote sensing imagery more closely,

again for savanna land cover.

8.4 Case Study: Caprivi, Namibia

8.4.1 Land-Use and Land-Cover Change in Southern
African Savannas

In southern African savannas, the land-cover change discourse is centered on
changes in vegetation composition, specifically the distribution of trees, grasses,
and shrubs across the landscape. The concern is that increased herbivore populations
(specifically elephants) in combination with other local drivers of land-cover char.lge
(fire regimes, land-use patterns) are causing a detrimental loss of trees, res'ultl.ng
in an overall reduction in biodiversity and alterations in ecosystem functioning
(Kalwij et al. 2010). Tree cover is central to savanna functioning, and one of the
challenges for monitoring and managing savanna landscapes resides in undefstar'ld—
ing the spatial dynamics of trees. Thus, monitoring the spatial characterization
and quantification of tree canopies is essential for landscape management and‘the
development of policies aimed at ensuring sustainable land management practices
(Holdo et al. 2009; Ludwig et al. 2001).

The gradient nature of savanna landscapes, the discontinuous tree canopy, and the
subtle changes in the vegetation composition limit the use of categorical pixel-based
land-cover classifications to quantify changes in vegetation composition. Yet, the
spatial extent of savanna landscapes within Africa necessitates the use of remotely
sensed data to characterize land-cover change and link such changes to social and
ecological processes. While field-based analyses establish baseline understandings
of the role of trees in savannas, they are limited in spatial and temporal scale.
Remotely sensed data offer an alternative to field-based data (which are often
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prohibitively expensive to conduct over larger spatial extents or higher tempory|
frequencies) and simultaneously capture landscape-scale measures of Vegetatioy
(Scanlon et al. 2007). Therefore, it is necessary to explore the use of NnON-pixe|.
based remote sensing approaches combined with high spatial resolution imagery to
characterize the distribution of savanna vegetation, specifically trees. Additiomﬂ]y’
non-pixel-based classifications of high-resolution imagery hold the potentia] 1,
provide a scaling tool, allowing a link to be created between field-based measureg
and traditional classifications (Thenkabail 2004).

8.4.2 Study Area

The study area is located in the Mudumu North Complex in Caprivi, Namibig
(Fig. 8.11). Most of the Caprivi region is a part of the larger Kalahari woodlands
landscape and as such has similar vegetation composition to lands in surrounding
countries. Like much of southern Africa, the savanna landscape in Caprivi is being
managed using a variety of land management strategies, including government-
managed areas (parks) and community conservation areas. The study area is divided
almost equally between the Bwabwata National Park Kwando Core Area (Kca)
to the west of the Kwando River and the communal conservation areas to the
east. People were removed from KCA beginning in the 1940s due largely to the
decimation of cattle by sleeping sickness. During this period, the human population
in the study area was low, and people supplemented cattle with harvested resources
such as veld fruits. In 1968, the Caprivi Game Park was declared, and people were
restricted from returning to what is now KCA (Mayes 2008). Struggles for national
independence in Caprivi led to the South African Defence Force occupying KCA,
during which time land and resource use within KCA was limited to conservation
officials. After Namibian independence, Bwabwata National Park was declared
replacing Caprivi Game Park. Land and resource use within KCA has since been
limited to photographic tourism.

In the community conservation areas, improvements in the treatment of cattle
diseases enabled human populations to rebound beginning in the 1980s (Mendel-
sohn and Roberts 1997). Human population has continued to increase as a result of
immigration from surrounding countries, in particular Angola. This has resulted in
increased grazing pressure, as well as an increase in clearing of land for agriculture
aided by cattle draught power. The community conservation areas are multipurpose
zones in which certain parts of the landscape are designated wildlife conservation
corridors and other areas are used for resource collection and agriculture. Land uses
in KCA and community conservation areas therefore contrast each other, with KCA
having (both historically and currently) less anthropogenic conversion, while much
of the communal conservation lands are directly altered for settlement, agriculture,
and grazing. In KCA, management practices are determined by local and regional
government officials, while savanna management practices in the community con-
servation areas are decided by committees consisting of local community members.

g T
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Fig. 8.11 Study region showing the larger regional context of the study site, lhe slu(?y area as
determined by the extent of the IKONOS imagery (outlined in red) and the two dominant land
management types used in the region
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However, recent implementation of a collaborative management sche?me. for the
study area has generated the need for a standardized approach to monitoring land
cover across the larger landscape.

8.4.3 Methods

High-resolution IKONOS imagery (4 m x 4 m visual infrared bands) and medium-
resolution Landsat TM imagery (30 m x 30 m) were acquired for the study area.
Dry season imagery (IKONOS on May 21, 2006; Landsat on May 1, 2007) was
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selected for both image sources in order to minimize cloud cover. As with Man

studies that incorporate remotely sensed data, image selection is partly based op datg
availability; as such, the 1-year lag between the image sources was unavoidable, The
extent of the IKONOS imagery was used to determine the extent of the study areq;
the Landsat TM imagery was then subset to match the spatial extent of the IKONOQS
imagery. Preprocessing of the imagery, including image calibration and geometrjc
rectification, was undertaken. Water bodies and clouds were removed from imageg
using a binary mask generated from a combination of an unsupervised classification
and ancillary data sources (shapefiles identifying water bodies). This was done to
reduce the likelihood of misclassifications during the object-oriented classification,

Vegetation transects and training samples were collected to enable in-field idep-
tification of the spatial locations of individual trees, demographic data associateq
with each tree (species, canopy size, height, diameter at breast height), land-cover
measurements (percent canopy cover, dominant understory), and land-use history,
Key informant interviews were also conducted to generate an understanding of what
land management practices are used in KCA and the community conservation areas,
who determines what management practices are used, and what factors contributed
to tree growth and development.

Tree crown identification was conducted with the four-band visual infrared
IKONOS image using an object-based classification approach. This approach
allows both spectral and spatial data to be used in the classification process and
is appropriate for identifying image objects and classifying fractional cover in
heterogeneous savannas (Asner et al. 2010; Hay et al. 2003). The probability of
being identified as a tree crown (or not) is based on the similarity of spectral values
of the given pixel to the spectral values of the pixels of known trees identified
during the training process. Segmentation was then used to incorporate spatial
characteristics (e.g., shape, connectivity) and further partition of the image into
objects with similar spectral and spatial characteristics. The segmented image was
then converted to a vector file, and geometric characteristics (area, a perimeter-area
ratio, and shadow) were used to refine the identification of trees. The location of tree
polygons as identified in the final vector layer from the object-based classification
was compared to the actual spatial location of individual trees as determined in the
field.

The object-based classification was used to assess the current differences in
tree cover across the landscape. Spatial clustering of trees was assessed using the
Getis-Ord Gi* statistic which measures local association among features (Ord and
Getis 1995). Bonferroni’s adjustment (8 = a/n) was applied to identify the critical
values for determining significant clustering of trees. To explore the utility of using
an object-oriented classification of high-resolution imagery as a scaling tool for
linking field observations to the commonly used NDVI measures determined from
Landsat imagery, the proportion of each Landsat pixel covered by tree polygons was
calculated and compared to the corresponding NDVI value of the Landsat image
(Fig. 8.12). Classes of tree coverage were then determined by creating bins based
on amount of tree crown coverage. For example, tree class 1 consists of all pixels
with 0-20% tree coverage, and class 2 consists of all pixels with 21-40% coverage,
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b c

Canopy ~ 50 % Canopy > 75%

Canopy <25%

mrepresemmvc landscapes for each of the different canopy cover percentages

Object oriented classification polygon coverages for representative landscape regions
calculated from IKONOS imager (4 m x 4 m resolution)

3 3 R 3

Same representative regions shown as NDVI coverages from Landsat TM Imagery (30 m x
30m pixel resolution) with darker areas presenting higher NDVI values

Fig. 8.12 Schematic showing the relationships between the aclual tree coverage, the idealized
object-oriented classification results in polygon form, and NDVI for the same area at the Landsat
TM scale (Figure modified from Gibbes et al. 2010)

ultimately resulting in five tree-cover classes. The variation in NDVT as a function
of proportion of trees is quantified by examining the difference among NDYI values
for each tree-cover class and using graphical outputs and the Kruskal-Wallis test.
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8.4.4 Results

8.4.4.1 Object-Based Classification

The object-based classification yields a vector polygon in which each pol
represents a tree crown. Figure 8.13 shows the resulting object-based classiﬁc::t_gion
for a subset of the study area as well as both the IKONOS and Landsat data fo 5
sub§et. The object-based classification improves upon a pixel-based classiﬁcz;ﬁthe
by incorporating shapes and spatial associations (e.g., association with shadoon
of tree crowns; additionally, the results capture measures of shape and size fw )
tree crowns, which can potentially be linked to tree species and ages. The obj iy
bfisefj classification shown here could provide standardized baselines for initialj‘;m-
distribution and demographics across the multiple management units (protected o
and community conservation areas) present in this landscape. 5
‘ An examination of spatial differences in tree distribution across the landsca
indicates that tree distributions differ across the two management areas withpe
greater density of trees identified in KCA than in the community conservati’on are .
.(Table' 8.4). These findings are consistent with field observations. Key informa?lst
interviews with local land users suggest that these differences are likely the result

| - -
Object based classification B Trves  { andsat T™ NDVI

{KONOS Color Composite
Vector layer depeiting tree crowns . 1

Red = Near Infrared
CGreen = Red
Blue * Green N

4m resolution 0 0125 0.28 0.5 Kiometers
O S S T Y S S |

fig. ?.13 Results of the objecft-based classification. Figures shown are (leff) the IKONOS imagery

or"ai ocus area (color cgmposnlte RGB = near infrared, red, green where red represents vegetation)

grlr;; ?le)tt:e fcorrespondmg object-based classification for the focus area and (right) Landsat NDVi
or the foc i i i i i i

2000) us area, in which the difference in scale is apparent (modified from Gibbes et al.
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Table 8.4 Density of large trees within each of the two land management types—KCA,
ent-managed (~132.1 km?) versus community-managed lands (~146.48 km?)
KCA (government-managed, ~ Community conservancy
protected area) areas (community managed)
Total no. of trees/km®  580.2 352.7
No. of large trees /km? _ 11.5 34

govemm
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Fig. 8.14 Spatial clustering of trees (left) results of the Getis-Ord Gi* statistic with Bonferroni
correction applied to determine statistically significant tree clusters, where red dots indicate
clusters of trees with large crown size, while blue dots indicate the statistically significant clusters
of trees with relatively smaller crown size (right) Landsat TM NDVI shown for the same study

region

of variations in management practices used in the protected area and community
conservation areas. Clearing land for agriculture and/or homesteads and collecting
timber resources reduce the presence of trees in the community conservation areas.

The cluster analysis of trees shows significant clustering of trees with large crown
sizes in the southern portions of the study area, while trees with smaller crowns have
clusters that are more evenly distributed across the landscape (Fig. 8.14). The spatial
locations of tree clusters are likely the result of both historical stand development
processes and the influence of variation in other biotic parameters, such as soil
moisture and herbivory, which influence tree growth. The Bonferroni adjusted
critical value of 1.68 was used to determine significant clustering. As spatial
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Relationship between proportion tree cover class and NDVI
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Fig. 8.15 Boxplots of the NDVI values for each tree-cov i
-cover class (1-5 i
of tree cover per Landsat TM 30 m x 30 m pixel (1) ae determited by propartiog

processes gain increasing attention in ecology and ecosystem management (Levin
1992; Turner 1989; Weisberg et al. 2007), the detection of tree clusters within
the landscgpe .contributes to developing an understanding of spatial processes and
heterogen?ny In savanna vegetation (Wiens 1989). Standardized characterizations
.and'quanuﬁcations of tree clustering offer useful ecological information for mon-
itoring and managing the spatially heterogeneous processes (e.g., herbivory, fire
anthropogenic land use) that influence the maintenance of savanna’vegetation.’ ’

8.4.4.2 Scaling from Field to Landsat TM

The Krusl.<al-Wallis test to evaluate the relationship between the proportion of
Landsat pixel covered by tree crowns and that Landsat pixel’s NDVI values. The
r(?sul.ts ({{ =4.39, significance level 0.05) indicate no significant difference i.n the
d.lstr.xbutlon of NDVI values across tree-cover classes (Fig. 8.15). The lack of
mgmﬁcant difference in NDVI values for pixels with high tree cover'age and those
with .low tree coverage suggests that the land covers in the background matrix
contribute greatly to NDVI values observed for the study region. This would support

oring of Land-Cover Change and Management across Gradient. . . 201
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e et al. (2001) and Ringrose et al. (1989) who find that NDVI offers a

oleel . . : .
M asure for overall amounts of vegetation but is not useful for differentiating

ood ME
~egetation structure.

4.5 Case Summary

An object-based classification is used to address the limitations of characterizing
savanna vegetation structure. This methodology, when applied to high-resolution
satellite imagery, is useful for identifying tree crowns within the gradient savanna
Jandscape. Tree distribution and clustering correspond to field data collected for this
area, and the spatial patterning across the land management units is as observed
and expected, with larger quantities of trees and larger-sized trees found within
the park. In addition to characterizing tree location and demographics, the results
from the object-based classification prove useful for point-pattern analyses, offering
an assessment of the spatial location and characteristics of the trees relative
to surrounding vegetation. This analysis reinforces the need to incorporate both
spectral and spatial data in the classification of savanna vegetation.

The results of the Kruskal-Wallis test suggest that the utility of the object-
pased classification as a scaling tool for linking field observations to Landsat NDVI
measurements is limited. Similarity in spectral reflectance of shrubs and trees in this
region makes discriminating structure solely from spectral information challenging,
especially at the coarser Landsat scale. The scale at which environmental change
is observed and measured in savanna systems is critical. While quantification of
overall changes in biomass is possible with coarse-resolution NDVI, partitioning
biomass into functional types requires finer-scale analysis, such as the object-based
classifications presented here.

Current limitations of using remote sensing for ecological studies include the
overreliance on pixel-based maximum likelihood classifications (Weisberg et al.
2007). Although pixel-based approaches are appropriate when landscape compo-
nents of interest have very different spectral signatures, this case study demonstrates
the use of an alternative approach that focuses on the identification of individual
vegetation components within the landscape as opposed to a broad measure of
biomass within individual pixels. One challenge of the object-based approach is
the ability to discriminate between polygons of individual trees as opposed to those
representing patches of trees. We attempted to address this challenge by calibrating
the area within the vector object processing using individual tree crown locations as
determined in the field. This ensured that rather than generating large polygons of
similar spectral values, the output consisted of multiple smaller polygons. Although
this does not completely remove the presence of polygons that represent multiple
trees as opposed to individual trees, it certainly reduces the occurrence.

The object-based classification offers a potentially useful way for standardizing
the monitoring of vegetation across large spatial extents and across multiple land
management units than could be captured with field measurements. It integrates
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well a multiscalar approach often needed in ecological remote sensing data, gpg
while initial linkages to Landsat NDVI data were not very successful, linking ¢,
more ecologically relevant remote sensing data, such as subpixel classificatj
holds promise and is currently being validated. This research highlights the neeci
for linkages to field data, a multiscalar-based approach and need for Meaningfy
landscape objects for future study. With its finer spatial scale and association wig,
individual objects—trees in this case—it also provides a clear example of hoy
explicit remote sensing data can be and direct linkages to field data. As such, the
progression from Uganda (Sect. 8.2), with traditional classification and an NDyj
approach, to Botswana (Sect. 8.3), which adds more explicit variable extraction,
and finally to Namibia in this (Sect. 8.4), where we can assess individual trees
and their patterns across space, provides a clear trajectory of complexity, landscape
mosaics, and remote sensing data. And we can see how different uses—associated
with different research questions—can be extracted and utilized across this Africay
landscape.

8.5 Conclusions

While all three studies include a clear park/protected focus, all three addressed
the research in different ways in order to best evaluate and represent the type
of landscape under study. Locating a park or management zone within the larger
landscape, in order to better evaluate the impacts of these human decisions on
the landscape over time, is essential. For African landscapes in particular, the
role of gradients—and in all three case studies presented here the disruption of
natural gradients by human management decisions—is a key area for human-
environment research. Decisions can often have unintended consequences, such
as in the Botswana example (Sect. 8.3) where the wildlife management area is
much more degraded than the cattle region. All three studies clearly highlight the
importance of good management decisions and monitoring of impacts both for the
zone of management or impact but also the larger regional context over time. For
many remote areas, such as in these African case studies, remote sensing is clearly
a valuable tool. However, these tools can also be quite limited, if restricted to more
traditional remote sensing techniques, for example, pixel-based land-cover change,
especially across these gradient regions. As we develop a better understanding of
these human-environment arenas, s0 too must we continue to develop appropriate
measurement, monitoring, and analyses tools. The techniques presented in this
chapter—from land-cover change and NDVI-based analyses in Uganda (Sect. 8.2)
to vegetation indices linked to surface temperatures derived from satellites along
transects and linked to vegetation plots in Botswana (Sect. 8.3) and then finally
downscaled to individual tree analyses in Namibia (Sect. 8.4)—present a pathway
of increasing complexity and show a path of increased linkages and connectivity
to field-based research, ecological components, and real information representing
the landscapes in question. The tighter linkage from plot to pixel significantly
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ngthens our environmental understanding and, as more studies address similar
P epts, will build a better understanding of these systems. Overall, the gradient
Con;s;p;s still in evidence across much of this African landscape warrant gradient
Linconﬁnuous methods of study. This chapter hopefully serves to introduce some of
these concepts, their necessity, and their usefulness in addressing real-world human-
environment—based research questions.
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