4 Deforestation in Madagascar

Debates over the island’s
forest cover and challenges of
measuring forest change

William J. McConnell and Christian A. Kull

Introduction

Forests — and their absence — are linchpins between Madagascar’s biotic
richness, its degradation by humans, and conservation action. Much of the
Justification for conservation action depends on descriptions of previously
extensive forests being cut and burned, on documentation of the threats to
the patches that remain, and on success in slowing or stopping deforesta-
tion. Forest cover change is a highly iconic outcome of the different kinds
of human interactions with the environment since the island was settled
(Figures 4.1 and 4.2; see also Chapter 3 by Dewar and Chapter 5 by Scales).
This chapter investigates measurements of forest cover and its change on
the island, and focuses attention on the technical challenges and social
context of that scientific effort.

The evidence for the deforestation of indigenous woody vegetation in
certain places and times is strong: early settlers’ fires reduced the woody
cover of the island’s interior over a millennium ago (Burney et al., 2004),
a deforestation frontier has progressively moved inland from the east coast
over recent centuries (Brand, 1998), and dramatic clearance for maize cul-
tivation has affected the southwest in recent decades (Harper et al., 2007).
Yet the science of measuring forest area in different time periods, and of
assessing change to that forest cover, using historical data, air photos, and
satellite images is surprisingly messy and difficult. There are difficulties
with categories, with scale, and with other aspects of change assessment.
Furthermore, the science of measuring and quantifying deforestation takes
place in a social context, one where certain discourses and metaphors
condition the kinds of questions that are asked and the kinds of results
that are highlighted (Larson, 2011). In the case of Madagascar, there is a
dominant normative understanding of environmental change in which an
idyllic and nature-rich island is rapidly despoiled by a burgeoning human
population, trapped in a spiral of poverty and degradation (Kull, 2000).
This has encouraged, we argue, the curious persistence in the literature of
certain dubiously sourced and now outdated statistics claiming with relative
certainty that 80 or 90 percent of the island’s original forest is gone. The
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Figure 4.1 Forest patches in the highlands landscape. Are these images of
deforestation or reforestation? Top left: NE of Antananarivo, trees on
the ridge are clearly eucalypts and other species planted in grassland
by people. Yet in the hillside hollow, which is also cultivated, are these
remnant ‘native’ trees or planted fruit trees or both? Top right: eastwards
view in Jalatsara forest station (southern highlands): large area of native
forest (cut by rice fields) with large pine plantations in the distance.
Bottom left: north of Anjozorobe, this is a landscape in process of
colonization and afforestation (mostly with eucalypts). Bottom right:
ecotone of native grassland and forest at the eastern end of Alaotra basin.

Source: C Kull (1996-2010).

loss of forest in some portions of the island is, as we have reviewed earlier,
dramatic enough that such exaggerations are unnecessary. These exaggera-
tions are even potentially harmful in that they can undermine scientific
authority, put blinders on the types of questions that are asked, and push
to the sidelines important debates about the impacts of strong conservation
policies on rural people.

An assessment of deforestation in Madagascar requires an analysis of
forest cover at different time points. We review the data and debates over his-
torical and contemporary forest cover. This involves reviewing the theories
and evidence for pre-settlement forest cover, and the published estimates
of more recent conditions, beginning with the work of colonial botanists.
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Figure 4.2 Current vegetation zones of Madagascar
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Then we turn to subsequent analyses employing increasingly sophisticated
technology for observing the land surface, first from the air and later from
space. We explore the degree of divergence between the resulti ng estimates
and then focus in on the challenge of estimating change. All along the
way, our story becomes intertwined - of necessi ty — with a history andgsoci-
ology of science, as the ideas that various authors argued for or against

and L.he approaches taken, reflect the worldviews and political comext,
in which those authors were operating. This leads us to investigate, in thes
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penultimate section, the social context in which a particular idea (the 80
or 90 percent deforestation hypothesis) has persisted. We conclude by pre-
senting a number of recommendations for improved understanding in the
spirit of evidence-based policy making.

How much forest was there ‘originally’?

The question of what the landscapes of Madagascar looked like ‘origi-
nally’ is far from settled (see Chapter 3 by Dewar). The answer is likely
to be quite different depending on the specific region concerned, and
whether ‘originally’ is taken to mean before colonial records, before wide-
spread evidence for settlement, before first human visits, at the end of the
last ice age, or at some other point in time. Over the past 150 years, pub-
lished claims about the island’s ‘original’ vegetation have varied greatly,
with some commentators presuming the existence of a dense, island-wide
forest, and others defending the pre-human presence of grassy biomes,
particularly in the highlands. The former claims were often rooted in
ideological perspectives ranging from climax-based ecological theory, to
temperate-climate conceptions of ‘fire as disturbance’, or colonial atti-
tudes towards indigenous people’s resource management. Evidence for
these differing claims ranged from casual empirical observations of forest
islands in grassland zones, to place names referring to no-longer extant
forests, to oral histories of a ‘great fire’, or to rigorous analyses of biogeo-
graphical distributions, floral functional types, pedology, fossil beds, lake
or marsh sediment pollens and charcoal.!
Particularly relevant to this chapter are the stances of colonial natural-
ists Perrier de la Bathie (1921, 1936) and Humbert (1927, 1949, 1955),
who argued that forest vegetation covered nearly all of Madagascar before
human settlement.? Their conclusion has largely been taken at face value
and repeated in numerous publications and reports, shaping, as we
show later, the reporting of forest change statistics. Meanwhile, scientific
debate about pre-human vegetation continues, with new forms of evi-
dence emerging (Burney et al., 2003, 2004; Wilmé et al., 2006; Bond et al,,
9008; Virah-Sawmy, 2009; Quéméré et al., 2012). Extrapolating from such
research, it appears possible to make several conclusions. First, the strong
version of the Perrier—Humbert island-wide forest hypothesis has been falsi-
fied, in that heathlands, grasslands, and a variety of non-forest vegetation
covers predate humans on the island, maintained by lightning, moments
of drier climate, and now-extinct mega-herbivores. Second, humans have
certainly altered the vegetation cover of the island since their arrival, likely
increasing grassland cover at the expense of woody vegetation. Third, the
vegetation cover was quite dynamic before human arrival in response to cli-
mate shifts, with forest types expanding and contracting. Fourth, the story
is quite different in different geographic regions. Finally, any estimate of
SR e ey dasa T wereass e rmntes i re thanas fact
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How much forest was there historically?

While it is not surprising that the extent and nature of the ‘original’ forest
cover ]}cfc?re written records remains contested, it is also the cas% ti;'u fo ‘“’t
cover during the late pre-colonial and colonial periods (late 1800‘*;—19;3605)
is still not fully settled. The estimates of missionaries, colonial sc‘iemisl
and foresters — based at first on field assessments and, z,lfter 19;0 o'n-meflz:
urements from air photos - resulted at times in wildly (lifferennl’numbc;'s
reflecting differences in approach and materials, and these (";lil'!l'llf's ha e
often been reproduced uncritically in more recent assessmenﬂts e
Early mlapping efforts can be attributed to missionary SCit::IItiS(S such
as James Sibree, whose 1879 map shows the distribution of dense forests
{Flgure 4.3). Like such maps, the quality of the first published qrsér:fi!ff!it;e
estimates of Madagascar’s vegetative mantle was limited by the size of th
island and the inaccessibility of many areas. Estimates \'11iecl-'..\'i(.lcl’ ‘ (I
exhibited no clear trend (Table 4.1). ( e
Guichon (1960) made the first attempt to use remote sensing data to
comprehensively estimate the island’s forest cover. Advances in El(if‘;l‘i'li ;ho-
tography during World War II had enabled the French to acquire ia;lal ery
between ]?49 and 1957 that served as the basis for the counlclly’s i'100g003
topographic map seriesand a more systematic quantification ofMadz; 'IS(t'll"S
land cover. The cartography was not yet complete when Guichon%t 'ltje;'
was published, but he drew reassurance that his ‘first appl'oxitm[icl)Jx;’I of
12,.472,923 ha of lightly and non-degraded forest corresponded ‘with the
estimate of Girod-Genet and the later estimate of Lavauden, and that hié
estimate of 16,731,722 ha of total forest (including degraded s,tands) cio-; ly
!‘lla;(_‘llt.':’d the more recent estimate of Perrier de la Bathie (1936). \'Vilil)]
111;:_‘31;%%1,1715231?;?19 arborée, or wooded savanna, Guichon’s estimate rose to
The same air photos were later used by H. Humbert and colleagues to
create a landmark map of vegetation zones. In the report accom in in
the map, they estimate 19,819,000 ha of ‘forest formations’ (Hlllll]iffl‘t)'ltlg
(.]0111'5 Dfn‘n@, 1965, after p82), but do not specify what vegetation ﬁlé 0-
ries are included or excluded. Subsequent work based on the smm:a(n%'tl
p.hotography data led to somewhat different totals, illustrating the .cont{ -
sion that is quite common surrounding the use and re-use 0%]'111&1 cove:'
data by different researchers. This can be illustrated by the all;llol'itnLi\'(I:
199§ report on the national forest inventory (Inventaire Ecologique }'b:;sri or
National, or IEFN). In its ‘Table 5.02’, the IEFN report provided four difff‘:“-
em.forest cover estimates for 1949-1957, presumably all based on the smﬁe
af-:rlal photographs (DEF et al., 1996). What is striking is the inconsisten
with .which these estimates were handled. As Table 4.2 shows, different (,'ft)
f’:gones:. of forest are included (or not) in the ‘total forest r;over' fi n‘;:sﬁ
Inconsistent figures (due to methodological differences or roundi:igl wIc:
presume) are not explained, and the source references are confﬁ,sed
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Table 4.1 Colonial period estimates of Madagascar's forest cover

Auteurs Date Superficie en millinns
d'hectares

LAVAUDES «evevrnennnnn. 1895 20
GIROD-GENET +vvvunna.ns 1892 12

P. pE LA Barmie 1921 7

Prof. HuMeERT 1927 2aud (3
LAVAUDEN ervivnenanans 1931 10

P. pE LA Barme 1936 17

MR HRIN covoiniaamaaiidonrii 1055 1,5

Notes: reproduced with permission from Guichon (1960, p409). Estimates vary widely, and
show no clear trend, particularly considering Guichon’s notes in which he suggests that (1)
Lavauden's 1895 estimate was probably exaggerated and (2) that Humbert's 1927 estimate
excluded several important types of forest cover.

A second example of how old data are used and misused comes from
Harper et al. (2007), which contains the most recent published estimate
we are aware of based on the same air photographs. They digitized the
Humbert and Cours Darne (1965) map and present an estimate of 1949
1957 forest cover different again from all previous interpretations. Echoing
the inconsistencies in the IEFN report, Harper et al. leave a confused refer-
ence trail and fully explain neither their choice of forest types included in
the figure nor how their numbers were derived (Table 4.2).

The examples above show how maddeningly frustrating efforts to quan-
tify forest cover have been. Not only have scientists struggled with the
difficult and vast terrain and the enormity of the task of nation-wide air
photo analysis, but their tendency to discriminate, lump together, and
emphasize different categories of forest cover have led to much confusion,
which, it appears, is exacerbated by later inattention in re-using older work.

So, how much forest was there historically? Clearly, the eyeball estimates
from the late 1800s onwards are quite divergent and not usable without
diligent triangulation with other region- and date-specific sources. As far as
the air photos acquired between 1949 and 1957, one may possibly conclude
that the areal extent of the main ‘forest’ categories (excluding savannas)
was on the order of 16 million hectares. The highly variable forest cover
figures circulating in the literature result from differing definitions of for-
est, with changes in cartographic technology also contributing. These issues
are developed more fully below, following a review of the work estimating
forest cover from space.

How much forest was there recently?

A new round of nation-wide estimates of forest cover emerged in the 1980s,
benefitting from the new, space age technologies of satellite-based remote
sensing. As far as we can ascertain the first published map of Madagascar’s
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forest cover from satellite imagery employed visual interpretation of printed
images from the Landsat Multispectral Scanner (MSS) sensor acquired in
the 1970s (Faramalala, 1988a). It did not include a numeric estimate of for-
est cover, explaining that cloud cover made this impossible (Faramalala,
1988a, p147). However, the map was later digitized (Faramalala, 1995) and
used by Du Puy and Moat (1999), who report that it revealed 10,784,000 ha
of ‘primary vegetation’ including evergreen and deciduous forest, as well
as mangrove and marshland. The IEFN report (DEF et al, 1996, p75) cites
‘statistics published by Faramalala (1995)" as the source for an estimate of
15,812,000 ha of forest.! This includes 10,676,000ha of evergreen forest,
likely differing from the Du Puy and Moat (1999) estimate in the exclusion
of mangrove and/or marshland. Later, Mayaux et al. (2000) reported that
data from Faramala (1981)([sic]® reveal 10,603,200 ha of dense humid and
dense dry forest, as well as mangrove. When they add ‘secondary complex’
they find a total of 15,484,400 ha. It is difficult to understand the reasons for
the discrepancies (albeit minor) between these figures and those reported by
DEF et al. (1996), as they are presumably based on the same digital polygons

More recently, Harper et al. (2007) exploited MSS data from the same
period as Faramalala, reporting a total of 14,731,000 ha of humid, dry, and
spiny forest (mangrove is listed as ‘not available’). Their study’s ‘“Table 8’
contains an arithmetic error and the total of the three listed categories is
actually 18,933,500 ha. The total forest estimate differs by as much as 12 per-
cent from those reported by the IEFN (DEF et al., 1996) and Mayaux et al.
(2000). It is likely that much of the difference is attributable to different
methodologies: while Faramalala used visual interpretation of printed sat-
ellite images, Harper et al. re-classified images from the same time period
digitally using a supervised classification technique (see Box 4.1 ).

Subsequent island-wide studies have employed a variety of satellite sources,
taking advantage of not only Landsat but also other platforms. For exam-
ple, Nelson and Horning (1993) used three Local Area Coverage (LAC)
scenes acquired in 1990 and 1991 by the Advanced Very High Resolution
Radiometer (AVHRR) sensor to derive an estimate of 6,091,800 ha of forest
in four bioclimatic vegetation zones (rainforest, hardwood, grass, and spiny).
The study employed an automated classification procedure with Landsat MSS
photoproducts serving to ‘train’ the classifier, and the Faramalala (1981 [sic])
data as a reference map to evaluate the quality of the product.”

The IEFN report (DEF et al., 1996) contributed a new mapping of forest
cover based on visual interpretation of Landsat TM (Thematic Mapper)
data from 1990-1994. Importantly, this mapping was accompanied by
extensive, detailed fieldwork in different vegetation types. This analysis
resulted in an estimate of 13,260,000 ha of forest, including 6,062,000 ha of
evergreen forest.

The next island-wide assessment (Mayaux et al., 2000) used data from
the SPOT-4 VEGETATION instrument, which collects data at roughly the
same spatial resolution as AVHRR-LAC. The study used 36 ten-day image
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composites from 1998 and 1999 (the ten-day composites minimize cloud
contamination, while the time series takes advantage of vegetation phe-
nology). As in the Nelson and Horning (1993) study, semi-automated
classification was performed using Faramalala (1981 [sic]) and other refer-
ence data. Mayaux et al. (2000) reported a total of 17,303,200 ha of forest
including 10,104,100 ha of ‘dense humid’, ‘dense dry’, and ‘mangro'.'e:
along with 7,199,100 ha of ‘secondary’ forest.

The most recent assessment of Madagascar’s land cover published in
the peer-reviewed literature is presented in Harper et al. (2007). Forest
cover in the 1990s was analyzed using Landsat TM data yielding a figure
of 10,605,700ha (combining four categories of ‘primary’ humid, dry
spiny, and mangrove forest); the situation around the year 2000, using’
Landsat ETM+ (Enhanced Thematic Mapper) yielded an estimate of just
8,982,100 ha. This is considerably less than the most comparable estimate
(Mayaux et al., 2000).

A subsequent map published by a consortium of United States Agency
for International Development (USAID) partners (CI et al., 2007) extends
Harper et al.’s analysis to 2005 using much of the same data and tech-
niques. Curiously, while the map’s tabular estimate for ¢.1990 is quite
similar to the figure published in Harper et al. (2007), the map’s estimate
for ¢.2000 (9,677,701 ha) is considerably higher than the earlier figure
(8,982,100 ha) and closer to the Mayaux et al. (2000) estimate. They esti-
mate forest cover ¢.2005 at 9,216,617ha. No explanation is provided on
the map of the reason for the revision. From these estimates, one may
surmise that something like ten million hectares of ‘primary’ forest existed
around the end of the twentieth century.

: The divergent results of the above studies emphasize the ways in which
different techniques - based on different definitions, assumptions, satellite
data sources, and classification methodologies — influence measurements
of current forest cover. In the next section, we see the implications of
these issues for measuring forest cover change. First, however, we should
mention that in addition to the national-scale remotely sensed analysis
of forest cover reviewed above, numerous studies have undertaken origi-
flal analyses of remote sensing data for sub-national land cover analysis
in Madagascar. They are too numerous to review here (some important
examples include Green and Sussman 1990, which we discuss below, as
well as Laney, 2002; McConnell et al., 2004; Agarwal et al., 2005; Il‘;\'ill
et al., 2005; Vagen, 2006; Elmqvist et al., 2007; Scales, 2011; Quéméré
et al., 2012). With respect to these regional studies, what should always
be Il(ept in mind (particularly when dealing with trends in forest cover, the
topic of the next section) is that choices over scale and boundaries can
h'(.we a major impact on study findings; inclusion of large non-forest areas
will lower forest cover rates substantially, as can coarsening the scale of
analysis, by excluding small patches.
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What are the trends in forest cover? The challenges of
quantitative change assessment

The simplest way to represent change in forest cover is to compile estimates
for particular time points and present them in tabular or graphic form,
This is the approach employed by Guichon (1960) (Table 4.1) and subse-
quent authors, including Nelson and Horning (1993), the IEFN (DEF etal,,
1996), McConnell (2002), and Dufils (2003). As explained above using the
case of Guichon (1960), rather than contributing to an understanding of
the evolution of forest cover on the island, this approach has instead served
to illustrate the incommensurate nature of the individual estimates and to
caution us against simple comparison. Guichon (1960, p408) suggested
three key reasons for the significant disparity in the estimates: ‘(1) the
definitions of different types of forest formations vary among the authors;
(2) cartographic documentation was absent, insufficient or imprecise; and
(3) sometimes, the figures were deformed, consciously or not, in order to
prove a thesis or to justify a position’ (authors’ translation).

Below, we examine quantitative, remote-sensing-based estimates of forest
cover change in Madagascar in light of Guichon’s first two, rather techni-
cal, constraints. The following section then addresses the third, perhaps
more contentious, issue. It is not just in Madagascar that widely varying
definitions of forest have confounded those hoping to understand defor-
estation. Indeed, the FAO (the UN’s Food and Agricultural Organization,
the foremost authority on global forest cover) amended its canopy closure
threshold in between two of its decadal global Forest Resource Assessments
in order to be able to account for important changes in woody cover in
semi-arid parts of Africa, much of which would have been missed under the
prior definition. The effort required to revise prior estimates to match the
new definition was substantial, and the procedure undermines confidence
in the comparability of the data across assessments (Rudel et al., 2005).

This issue is accentuated in Madagascar by the wide range of environmen-
tal conditions in which trees grow on the island. While relatively undisturbed
forest on the eastern escarpment would meet just about anyone’s definition
of forest, smaller patches in this landscape, as well as gallery forests and
sparser woodlands of the highlands and west coast may not, particularly in
analyses relying on satellite sensors that form images of the earth’s surface
in 30m, 80m, or even 1km pixels. The issue is even more pronounced in
the ‘spiny forest’ of the arid south, while mangrove formations present their
own unique set of challenges, due to the high degree of moisture below the
canopy, complicating the spectral signature registered by the satellite. The
problem of inconsistent characterization of Madagascar’s land cover was
perhaps most usefully addressed by Lowry et al. (1997), who review the
history of vegetation classification in Madagascar and argue for an ‘objec-
tive approach to chorological analysis and physiognomic classification
in Madagascar’ (p110). As described in the preceding section, mapping
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efforts in Madagascar have typically defined forest according to the capa-
pilities of the sensors they employ and the analysts’ particular goals. This
has been a major constraint on efforts to precisely estimate change in the
island’s forest cover.

Perhaps the most widely cited study of deforestation in Madagascar
using remotely sensed data was conducted by Green and Sussman (1990).
The study compared ‘original’ forests (no source cited) and the Humbert
and Cours Darne maps of forest cover (based on 1949-1957 aerial photog-
raphy) with the authors’ own interpretation of Landsat MSS imagery from
1985, concluding that the island’s eastern rainforests diminished at a rate
of 1.5 percent per year from the 1950s to the 1980s. We cannot know to
what degree the forest cover types analyzed across periods differed, because
of the second problem identified by Guichon: insufficiency of cartographic
documentation. Unfortunately, in the Green and Sussman (1990) article the
methods were described quite briefly, with no discussion of the comparability
of the techniques employed to analyze the two very different data sources.

A subsequent, island-wide comparative study by Dufils (2003) also used
data from the Humbert and Cours Darne (1965) maps, as well as those
from the IEFN (DEF et al., 1996) and Mayaux et al. (2000).* Where Dufils
differed from Green and Sussman (1990) was in taking into account the
issue of forest cover types. Specifically, he attempted to isolate a comparable
‘evergreen’ class from the vegetation cover classes presented in these three
sources, even as he acknowledged the difference in classification schemes
across these studies. Unsurprisingly his harmonization of categories was
imperfect and casts doubt on the trends reported.” A consequence is that,
for example, the mismatch of forest types between the two source datasets
would likely have led to the inflation of the deforestation rate of 1.6 percent
per year which Dufils reports for the 1990s (as forest present in the later
period was excluded). Unfortunately, the study is also afflicted with typo-
graphic errors,' and problematic assumptions about time points."! To the
author’s credit, the text acknowledges some of the key challenges in esti-
mating rates of change, particularly the different estimates likely to come
from different remote sensing systems. However, given the issues described
here, the published conclusions must be used with caution.

In order to increase the comparability of single date estimates used in
calculating change, a later study (Harper et al., 2007) undertook fresh
interpretations of satellite imagery from the 1970s (MSS), ¢.1990 (TM) and
¢.2000 (ETM), in conjunction with the Humbert and Cours Darne (1965)
maps. Laudably, the study set out to create comparable maps by applying a
common set of criteria for defining forest (see Box 4.1),

Using this approach, they calculate annual deforestation rates in four
geographic zones, over three periods. Results range from modestly negative
(i.e. increase in forest cover) to strongly positive rates of nearly two percent
per year in certain parts of the island. At the level of the entire country,
their analysis suggests that deforestation was more rapid during the 1970s
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Box 4.1 Using satellite imagery to classify land cover

Satellite images are made up of layers of data collec‘tcd in dlff(fl.‘C‘Il:
parts of the electromagnetic spectrum. These are referred tcT as spect a
bands. Different surfaces absorb, radiate, a:‘ld reflect electl.omagnfau‘c
radiation in different ways, yielding disuilcl’ ‘spectral 51g1111m.1f:es 1
Using these properties, each pixel in a satellite image can be Clanl 1?(l
into a land cover category (e.g. forest, grassland) based on the spectra
signature of the ground cover (e.g. trees, grass, !J.ale e.;uth). N 1
The science of deriving land cover maps from remotely sen:f(‘
imagery (whether froman orbital'or airborne piatf(m}l) enu;}s a 1:1:14)&1
of key decisions that have major impacts on the outcome (Figure 4.4).

Define land cover classes
e.g. forest, shrubland, grassland

Select salellite imagery
e.g. Landsat, AVHRR, SPOT

Y

e.g. ground cover and canopy

Select ancillary data source
and collection methoeds

cover data from field survey

Y

Gather training and
verification data

Y

Select training areas for

4

Create image subsetl

!

Correct and enhance image
e.g. missing pixels,
atmospheric effects

A

each land cover class

YES

Y
Exiract speciral statistics
from training areas
Y

Select speclral bands with
greatest separability between
land cover classes

Select classifier

Y

Classify image

Y

I

Evaluate classificalion

accuracy

v

Acceptable land
cover image

Canirear adantad fram Wilkie aned Finn (1006).

Figure 4.4 Key steps in the classification of satellite imagery
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Define land cover classes. While the appropriate set of land cover
types for a given region may seem self-evident, they are anything
but. Instead, the selection of categories is often a mix of the goals
of the study and what is distinguishable in the imagery being
used. Choices about which categories to analyze have profound,
though often unrecognized, implications for policy (Kull, 2012),
Globally, classification schemes vary enormously depending on
bioclimatic zone. There exists no universal nomenclature and
unambiguous definitions of a given land cover are rare, A laud-
able exception to this was a recent study whose authors specified
that ‘we defined “forest” as areas of primary vegetation dominated
by tree cover at least seven meters in height, with neighbouring
trees crowns touching or overlapping when in full leaf, In prac-
tice, this means that the canopy is at least 80% closed’ (Harper
etal,, 2007, p2)."”

Select imagery. Ideally this choice follows from the analytical
needs, in an objective consideration of the spatial, spectral, and
temporal characteristics of different sensors with respect to the
particular study area and research questions. However, in practice
other considerations often come into play, such as the analyst’s
familiarity with a particular sensor. On the other hand, sometimes
itis the novelty of the sensor that motivates the land cover change
study itself. This dynamic was in evidence in the testing of the
new SPOT-4 VEGETATION instrument, with the results expliciy
compared to previous exercises with the similar AVHRR instru-
ment (Mayaux et al., 2000).

Create image subset. This chapter is limited to only island-wide
studies, largely because the comparability of sub-national stud-
fes is hampered by incommensurate spatial bounds. When the
spatial extent of a study is arbitrarily defined by the extent of map
sheets, aerial photographs, or satellite images, this can have a
major effect on the rate of change, since a relatively small change
in study area extent - to include or exclude areas that are not
representative of the overall change - can drastically alter the
overall rate of change. There is no obvious solution to this, and
all change rates calculated on such arbitrarily defined study areas
must be treated with caution. It may be more appropriate in these
cases to limit the reporting to the areal change in different peri-
ods (e.g. Vigen, 2006) or to graphical representation of change
between time periods (e.g. Elmqvist et al., 2007).

Evaluate classification accuracy. In practice, the thresholds separat-
ing land cover categories (e.g. closed forest and open woodland)
can be quite difficult to apply consistently and reliably without a
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great deal of very expensive field work. In addition, the arbitrary
sampling of the landscape often results in pixels representing
mixtures of land covers (especially when the heterogeneity of
the landscape occurs at a finer scale than the sample rate (pixel
size) of the sensor). As a result in remote sensing studies, 85 per-
cent accuracy is considered pretty good, yet it is common to see
studies that set out to explain single digit percentage changes in
Jand cover from images classified with double digit errors; moreo-
ver the change is concentrated all along the edges of land cover
patches where the bulk of the classification error occurs.

and 1980s — around 1.7 percent per year — than in the preceding and subse-
quent periods (0.3 percentin the 1950s and 1960s, and 0.9 percent per year
in the 1990s). A map subsequently published using many of these same data
and techniques (CI et al,, 9007) tabulates an overall deforestation rate of
0.83 percent per year during the 1990s (why the rate for the 1990s differed
between the two studies is unclear). It also presents new data indicating that
this rate slowed to 0.53 percent per year during the period 2000-2005."
This brief review suggests that our knowledge of forest cover at particu-
lar points in time is subject to high degrees of uncertainty, and that the
hazards are compounded in the estimation of forest cover change. The
studies reviewed above estimated rates of change ranging from less than
half a percent per year to almost two percent per year. Unfortunately, no
two studies cover the same forest types, in the same area, during the same
period, and therefore none can serve to verify another. The studies also
do not, typically, engage at all with confounding evidence of forest recov-
ery or forest planting. We suspect that the unstated reason for this is that
neither secondary forests nor plantations tend to be valued as highly for
conservation purposes. In contrast, the IEFN (DEF et al., 1996) mapped
a considerable extent of plantation forest from very similar data, Harper
etal. (1997, p3) follow Green and Sussman (1990, p213) who admitted to
being unable to distinguish large tracts of secondary forest and plantations
from primary forest. Meanwhile, other studies (e.g. Rakoto Ramiarantsoa,
1995; Kull, 1998; McConnell and Sweeney, 2005; Elmqyist et al,, 2007)
acknowledge the local importance of reforestation and afforestation and
set out to quantify and explain these phenomena.

In some cases, the individual studies provide information that can be
used to judge the reliability of their estimates of forest cover ata given point
in time, or of their estimates of change. We examine that briefly in the next
section, before turning to Guichon'’s concern about the motivations of dif-

ferent analysts.
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Methodological issues and accuracy assessments

Several issues repeatedly arise in the previous sections that complicate th
IIlEHS}lI‘C]]]CEH of forest area and changes in forest area. 'I“he-se r[an ;- ﬁ'ms
data inconsistencies, to methodological assumptions, to deﬁa.]ilim?q.l dis
greements. Below we expand on one particular aspect: the importz;nce at-"
assessing the accuracy of the different forest mapping products. All em )ilc")i-
cal measurement approaches entail uncertainty, arising from elrror (-lui‘in
the Follemun and analysis of data, and in the reporting of results. In tl 5
section, we briefly comment on some problematic cases concernin r ] nis
wide analyses of Madagascar's forest cover. o s e
The an;'il}'sis of the aerial photographic record, as embodied in the
[opographlc‘map series and the Humbert and Cours Darne (1965) maps
.gen'erally relies on the analyst’s expert opinion, often infonue(.l l; ’ dir(clct,
in situ, observations, as well as by knowledge of the ways in whi-ch ({iﬁbrvnt,
1:111.(1 covers reflect sunlight back to the camera, and experience with til
[yplc3l.zlppeal‘ancc of certain features (Kull, 2012; Box 4.1)-. G-iven the Lim‘3
lapse since these analyses were conducted, it is virtually impossible to jud (’
the accuracy of the product, since the landscape is bound to have chg g(i
and few reliable references (such as terrestrial photographs) c;ist e
In satellite-based remote sensing, one way to judge the qualiiy ()t:a'estllls is
to compare classification results with reference data (e.g. maps or imagery
from. other sensors) used to ‘train’ the manual interpretation or aulon‘l'%tcl}l
classification algorithm. For example, Nelson and Horning (1993) :lsczl
the Faramalala (1981 [sic]) data as ‘ground reference’ to report 81 perce
agreement between that reference and their AVHRR-based l"oreé[ covljt'
estimate. They go on to specify that while they achieve 94 -percent corru-
spondence between the non-forest pixels in the two datasets lhe value fe‘
forest wasj‘ust 62 percent, and describe the agreement in th,eir ha‘rd'.mstll
stratum as abominable’ (p1472). They ascribe much of the disagreement
to differences in the ways in which the MSS and AVHRR sensg‘s ima-
th.e :anldscapt?, declining to speculate on what proportion of.lhe differen%(ea
::g ;tgg}}?)/ai;:)];l_“dme to actual change in the landscape between the 1970s
Ma.yaux et al. (2000) used the same MSS-based dataset to train their
SP(?T-4 based classification, but based their accuracy assessment on ma
dcnve.(l from contemporaneous TM data interpreted by local expert g
conltame_-d in a report commissioned by the authors’ 01‘ganizaL‘ion- '}“hi[si:'i?'s
daUOlll yielded a ‘user’s accuracy’ (the probability that a pixel’s ]:111(1 co:fcl-‘
la!‘Jel in the map corresponds with the reference data) of 87.8 pet“cem 'mcll
a Prf)ducer’.s acrt‘nrac.y' (the probability that the land coxfe;‘ cal-egory’ :)f a
gglgm;rlé);;::lc;n 111] th‘e refercnf:e data was lab.cled as such in the map) of
311;1 5 o In othel ands, ch_scrlepanaes exist between the map product
1e reference data in approximately 12-15 percent of the cases. The
authors note that part of the error is attributable to imperfect co-regisujation
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between their 1km resolution SPOT-4 VEGETATION data and the 30m
reference data.

Similar procedures may be employed to assess accuracy in studies aim-
ing to detect change in the landscape. For example, Harper et al. (2007,
p329) used contemporary ground reference data to calibrate and to
validate land cover maps derived from TM imagery, estimating ‘89.5%
accuracy in identification of forest and non-forest’. If their ¢.1990 and
¢.2000 maps each contain errors of approximately 10 percent, this raises
questions about their finding of 15 percent of forest loss between these
two maps. While it is likely that many of the errors cancelled each other
out (in the sense of the net change in forest cover), it must be admitted
that the bulk of such classification errors occur at the forest edge, where
so-called ‘mixed’ pixels (depicting a mixture of forest and non-forest
cover) predominate, but also where most of change has occurred. It is
important to keep these issues in mind when interpreting the results of
forest cover change analyses; when our measurement error approaches or
exceeds the observed dynamics, we should temper our confidence in the
claims about the change said to have occurred.

The record of sub-national studies with respect to accuracy assessment
is mixed, with some authors (e.g. Vagen, 2006; Scales, 2011) provid-
ing detailed information, while others (e.g. Green and Sussman, 1990;
McConnell et al., 2004) provide less rigorous estimates or general caveats.

The curious persistence of the 90 percent claim

We have shown in the above sections that estimates of forest cover before
the remote sensing record provide dubious benchmarks and, more than
anything else, demonstrate fundamental problems that continued through
much of the subsequent work. We have joined others (e.g. Nelson and
Horning, 1993; Ingram and Dawson, 2005) in showing that technical
challenges and inconsistent definitions, compounded by sometimes insuffi-
cient documentation of methods, leave considerable uncertainties around
certain aspects of air photo and satellite-based analyses. Clearly, without
denying that native forests - in general - are shrinking, more caution about
estimates of forest area and loss is warranted than is generally accorded.
Here we turn to the question of how views of forest cover change have
been shaped by the received wisdom of the ‘island-wide forest’. We focus
in particular on the persistent reproduction of the notion that 90 percent
of the island’s forests have been lost, and ask to what degree its persistence
may be attributable to its usefulness in emphasizing dramatic deforestation.
The 90 percent claim arises directly out of the island-wide forest hypothesis
developed by Perrier de la Bithie and Humbert (Burney, 1987; Kull, 2000).
Specifically, Perrier de la Bathie (1921) stated that the island was once com-
pletely covered by an ‘arborescent’ vegetation, and that nearly nine-tenths
AF thic Ariminal veoetation had since heen destroyed by shifting cultivation,
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-assland f‘fl:es, and logging. This claim has been abundantly repeated and
reworked. The statistic appears further confirmed by today’s '{sséssm; l(
that the island is about 10 percent forested, but 01;1'.* if o}nc}*;lhc' ‘]?IS'
assumes the rest was previously fully forested. ‘ TR

These ideas, used to contextualize the introduction of scientific articl
(e.g. I:Ianuah etal., 2008), to sell conservation activities in []-IC )rom::)t' ;i C?
material of environmental agencies and simply to describe tlhe isla 10111_“
media and tourism writing (e.g. Bradt et al., 1996: Wikipedia ‘Mada c!'?s(C':llj
page, accessed 21 May 2012), is at best a problematic assertion. A%‘Ihl;(’ﬁ
it is tempered or modified, with ‘90 percent’ replaced by ‘80 JCI'CCIII:
or l‘foreslts’ireplaced by ‘natural vegetation’. Indeed, words ]ikcI ‘vir '11’,
‘primary’, secondary’, and ‘natural’ are frequently used without f:lire:
ful definition, tending to reaffirm the discourse initiated bv Perrier (
Bathie and Humbert. ‘ PR

Wh): this penchant to uncritically repeat a figure based on vague and ¢
tested ideas of the original vegetation? Why not use more I'e{‘en.l(ﬁ it 'OH;
We showed above that the more reliable aerial photo analyqés docﬁl:lcs‘
that between 16 and 20 million hectares of the island were f;)rcsted i 1‘['-;1"
middle.ofthe twentieth century, depending on which categories of \:(110(1;:;
vegetation cover are included. Island-wide studies using sale]l%le ima eg
show'tl}at by the end of the century, somewhere between nine million‘ : 1
17 million hectares of forest remained, again depending on the metlanl(

used and the categories included. From this, one might conclu.dc th':?(i
most more than half of the forest cover may have been converted to o(lhg‘
uses in the past 50 years, perhaps much less (cf. Table 4 3). The loss 0}
even one-tenth of the island’s forest in a lifetime is certainiy E;hnn-in and
arguably sufficient cause for action. Why, then, is the 90 )(’.lf(_‘(’l'll g‘ 11‘(
rep.eatecl? Is a bigger number more attractive, does it bette:l‘ rein'forc E;“ile
claim that Madagascar deserves special ‘hotspot’ status by ‘virtue’ of | '(- I o
lost 90 percent or more of its natural vegetation? Below,}\-.'e seel-\' to '111‘11:::3
[helse questions. First, we investigate the ‘genealogy’ of lhe‘Q[} J‘erlca::nlt
c]:um_, picking apart its origins and its reproduction. Then, we comnllenl

the discursive and political environment that facilitated lh,is pr;accsa e

l?emns!mctmg the claim’s origins and reproduction in the scientific
literature

We focus our analysis on articles in scholarly publications that make a claim
ab(?ul 8(? 01'.90 percent loss of forest or of natural vegetation more b‘roatdl ;
Thl‘S c]al'm s remarkably persistent in the conservation biology li-teratu )
we identified some 27 articles making such claims (Tables 4.3 and 4.4) -

Four of I!IC articles cite no source for the claim (Table. 4.4) Il:l sémc
cases the clfum is implicit, combining recent estimates ofcontem]:;orm ' for-
est cover with conjecture about the conditions when humans first 'u'r}ivcd
leaving the reader to surmise the gravity of the loss. For examnle. ‘nln'lﬁr:
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Table 4.4 Description of the sources cited by articles in Table 4.3 to justify thejp

90 percent claims

Cited source Relevance to 90 percent claim

Category 1: Primary sources of data (all discussed al length in chapter text)

Humbert (1955); Humbert Vegetation cover analysis based on ¢.1950 air
and Cours Darne (1965) photos. No change analysis.

Visual interpretation of 1970’s satellite images.
Change analysis is implied in the mapping of
secondary vegetation types, based on untested
assumptions about the genesis of a broad range of
vegetation types thought to be degraded.

Faramalala (1981 [sic],
1988a, 1995)

Green and Sussman Despite study’s restricted focus on the humid

(1990) forests of the east, it has often been cited in claims
about overall deforestation. They calculate that
3.8 million hectares of eastern rainforest found in
the 1980s represents 50 percent of that mapped in
the 1950s, and 34 percent of the ‘original’ forests,
No 90 percent claim is made,

Nelson and Horning As a single date analysis, this may be cited to

(1993) support ‘10% island-wide forest cover around
1990°, but it does not imply or show the other
90 percent is former forest.

State that ‘forest covered 90% or more of the
island’ but go on to say that ‘others argue that

it was less’. In their discussion: ‘By the 1950s,
only 27% of Madagascar was forested and even a
conservative estimate of pre-human forest cover
suggests it had already lost more than half of its
forest cover; the loss may have been as much as
two-thirds, or more. Forest cover further declined
to approximately 16% in ¢.2000, a loss of 40% in
50 years.’

Harper et al. (2007)

Category 2: Secondary sources not already listed

A botanical review article.

General natural history reference book and
chapter within it reviewing vegetation types.

Leroy (1978)

Jolly et al. (1984);
Guillaumet (1984)

Lowry (1986)
Mittermeier (1986)
Jenkins (1987)

No relevance: dissertation on New Caledonia.

A WWF action plan.

A natural history overview of Madagascar from
TUCN, UNEP, and WWF.
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-
Cited sowrce Relevance to 90 percent claim

ke

pu Puy and Moat (1998) Uses land cover data from Faramalala (1988a,

1995).
Loh et al. (1999) WWE’s Living Planet Report.

Ingram and Dawson State that ‘Considerable discrepancies exist

(2005) between the estimated amounts and distribution of
forest cover and loss in Madagascar’ (p1449) and
present results from analysis of 14 years of change
using NOAA AVHRR.

Yoder and Nowak (2006) A study on the evolution of Madagascar's fauna,
Mittermeier et al. (2010) A 676pp lemur field guide.

and Ratrimoarisaona (1996) state that forests ‘are believed to have covered
around 90% of the island around 2000 years ago' (p346) without citing any
source, They then cite Nelson and Homing's (1993) figure of 11 percent
contemporary forest cover, leaving the reader to infer that around 88 per-
cent of the island’s forest disappeared ‘since the arrival of man’.

In other cases, the claim is made explicitly, but without a source being
cited. This is particularly problematic when such claims are subsequently
used as sources for others. For example, Lowry et al. (1997) state that ‘per-
haps 10% or so of Madagascar might still be covered with native vegetation’
(p117), but neither provide a source for the claim nor proffer any analysis
to substantiate it. Later, Ganzhorn et al. (2001) cite the Lowry et al. (1997)
chapter as the source of their statement that habitat loss is estimated to
exceed 90 percent.

In stll other cases, the claim is made explicitly with reference to a
source that provides only partial substantiation. For example, Lehman
etal. (2005) make an assertion about ‘the loss of 80-90% of forest habitats
in Madagascar’, citing Du Puy and Moat (1998) and Green and Sussman
(1990) (in a companion article by the same authors the following year
(Lehman et al., 2006), the same assertion appears verbatim, though with-
out the second reference). As it happens, Du Puy and Moat (1998, pl)
used Faramalala’s (1988a, 1995) land cover maps to conclude that ‘over
80% of the island has already been stripped of its native vegetation cover ...
_Lhe majority of which is now very species-poor secondary grassland which
18 burnt annually and is subject to intense erosion’. Cmcially, it must be
noted that Faramalala (1988a) mapped secondary formations on the basis
of untested assumptions about the genesis of a broad range of vegetation
types thought to be degraded.

More recently, the Harper et al. (2007) study is being cited by many
authors (e.g. Alnutt et al., 2008: Andreone et al.. 2008 Rarrett af al  9N10.
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Durkin et al., 2011; Hannah et al., 2008; Johnson et al., 2011) as _th.e suurcfg
for their claims about the loss of 80-90 percent of fh'e island’s original (pri-
mary) forest (vegetation). This is particularly striking given that _IIarpfzr
et al. (2007) openly acknowledge controversy over 1]1le s‘late of the 1s]and s
vegetative mantle prior to the arrival ofhnnmn.s, and limit their cnncluslons
to the five decades covered by the remote sensing data lh?)-‘ anall)'z.ed.

The circulation of a claim about 90 percent forest.lc-;s.s is a striking exam.
ple of the power of a received wisdom anc_l of the fallibility of l)ecn'-l e\}ex\'efl
science. One explanation is that authors simply repeat the 90 percent 1.gnle
as a ‘known fact’, with a reference to a high-profile and much-cited RlllC!.e
thrown in to support it, without actually checking to confirm whether this
fact was indeed supported by data. . . :

Yet, what our survey of the ]ilerature. suggests is that rlle}‘eils alsllnllg
epistemic community of conservation scientists for whom this ‘fact .founs
part of motivating raison d’étre, and as such becomes an nnc.luesnoned
paradigm pervading the discourse. The most recent, and Il)mhaps: most
authoritative, island-wide remote sensing-based study, Harper et a!. (‘2007),
acknowledges differing views on the question of fore?t loss? statistics, yet
persists in putting the 90 percent claim up front, and in pointing out t]}e
upper (but not the lower) bounds of forest loss statistics (see quo'le in
Table 4.4). If they were not influenced by the donnnan.t discourse, would
they have phrased the discussion the same wa?'? Their 1‘e111f01‘nc1nen[ oflhf:
conservationist dogma begs important questions of perspective anc_l moti-
vation. The authors are affiliated with the large conservation organization
Conservation International, It is not insignificant that ltheln' anal’ym.s shows
deforestation highest during the two decades Of. isolationist, S:OCI':{!ISI ﬂl|f;;
with rates tapering off after 1990, when interventions ll))' 0!1'ganlzauolns suc
as their own boomed (see Chapter 7 by Kull). The article :s.concluslon may
well be valid, but they bear verification to allay any potential concerns over

the degree of objectivity of the analysis. . . .

Amelot et al. (2012) point out two other instances in H.znpc: et al,

(2007) where oft-repeated ideas and theories from a COIISEI'\’HUOII.IJCI‘SI[J]CC-
tive probably unintentionally affect the statements and‘(‘.cmclnsu:nls 1::t
are drawn. First, Amelot et al. investigate an inset map in Harper et al. s
Figure 1, which shows Madagascar as being cove‘rf:d b?' Ihre.e forest cil:ones:
humid, dry, and spiny. Amelot and colleagues vmsil)' 1llust1ale.lhe ' eriva:
tion of this simplified and misleading assessment. They trace this rl-hlee-wag
forest classification back through its sources — through \'\‘01:1(1 “.Kl.e Fl:ll'l
for Nature (WWF) reports and botanic book chapters — to its Ongmsﬁni
complex map of climatic zonations they attribute to Cornet (19.7,4}. 1;'
pure climatic zonations became fornst types through Sll‘CCifSh'l\ ellczt:nd
graphic iterations reflects the discursive bias towards an ‘origina
ial) island-wide forest. '

pOtSet;t;nzl, Amelot et al. (2012) point out that an Harper study is ustild to
justify claims about environmental change that it actually does not show.
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The Harper study is cited in articles and policy documents that focus on
slowing slash-and-burn cultivation in the eastern rainforest, yet the study
itself clearly shows deforestation over the past two decades principally
touched not the rainforest of the east, but the dry forest of the southwest

(cleared for commercial corn production) and areas affected by urban
demand for wood energy.

The interlinked influence of conservation interests and the
dominant discourse

The persistence of the 90 percent claim can be traced to the paradigmatic
dominance of certain ideas circulating in the administrative, policy, and
scientific world about Madagascar’s environment, and their correspond-
ence with strong, foreign-funded conservation interests, The examples we
show above are a manifestation of a broader phenomenon in Madagascar
where what has been called a ‘dominant discourse’ influences the questions
that are asked, the evidence that is seen, the stories that are told, and the
actions that are taken. Dominant discourses are ways of understanding the
world - shaped by the stories, metaphors, and language that we use — that
gain their power from the influence of actors that initially promote them
and that exercise power by shaping the realm of the possible (Fairhead and
Leach 1998; Larson, 2011).

In Madagascar, it has long been clear that a certain discourse, a certain
set of environmental narratives, dominates understandings of environmen-
tal change and the role of Malagasy farmers in that change (Jarosz, 1996;
Kull, 2000; McConnell, 2002; Pollini, 2010; Amelot et al., 2012; Scales, 2011;
Rakoto Ramiarantsoa et al., 2012). This discourse js rooted in a potent mix
of fact with conjecture, spiced with the interests ofits promoters ~ originally,
colonial foresters and botanists, now conservationists — and made durable
by their powerful position in the then colonial, now dirt-poor country with
practically no tradition of rural social movements (whose voices might con-
test certain aspects).

The discourse paints Madagascar first and foremost as a hot spot of
biological diversity, environmental degradation, and conservation action.
It often relies on a narrative whose roots go directly back to the work of
Perrier de la Bathie and Humbert in the 1920s and 1930s. The story, as they
framed it, begins with the original island-wide forest, and then blames the
agricultural practices of Malagasy farmers as the primary cause of deforesta-
tion, together with colonial logging (see Chapter 5 by Scales). Perrier de
la Bathie and Humbert’s stories had a great influence on contemporary
Writing; Madagascar became considered a type locality for the destruction
ofindigenous flora by fire and shifting agriculture. The narrative was repro-
duced nearly word-for-word by some scientists, in popular publications, and

by development and environmental organizations throughout the environ-
mental boom vears of the 1980 and 100Ne (7211 annm
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Scientific understanding of environmental change in Madagascar has
continued to evolve. Yet for many scientists, as we show above, and in
conservation and environmental organization documents, the Perrier-
Humbert story remains the dominant narrative. This version of the story
reaches the public through the media, the internet, travel guides, televi-
sion documentaries, song lyrics (Emoff, 2004), environmentalists’ writings,
and agency documents, which use artistic license to further dramatize
Madagascar's environmental degradation. They not only repeat the asser-
tion of 90 percent forest loss due to slash-and-burn agriculture (for example
on Wikipedia'* and in National Geographic News'®), but also build on tropes
such as the blood-red, iron oxide-laden rivers that ‘bleed’ into the ocean,
and the ‘gangrenous wounds’ of the island’s lavaka erosion gullies (see
examples reviewed in Kull, 2000, or Raharimahefa and Kusky, 2010 as a
recent scientific example).

The persistence of the dominant narrative might not strike some peo-
ple as unusual or problematic. After all, Madagascar does harbor a flora
and fauna not shared with other places, native forest cover has declined
in the past century in numerous regional contexts, and slash-and-burn
agriculture certainly is one proximate cause of forest conversion. The dis-
course of exotic nature and environmental destruction, then, can be seen
as necessary to justify conservation fundraising, policies, and actions, so it
is unsurprising that it persists due to its compelling story line and its useful-
ness in gaining public and government support.

Yet, as Peet et al. (2011, p37) state, ‘arguments over the apparently
“given” facts and categories of ecology are always also arguments over social
and political control of nature’. The dominant narrative and its exaggera-
tion of forest loss contribute to strong conservation policies and actions
that marginalize rural people, restrict their access to resources, and silence
their viewpoints (see Chapter 14 by Kaufmann; Rakoto Ramiarantsoa et al,,
2012). In addition, exaggerations, problematic assumptions and the use of
outdated facts do a disservice to the credibility of science. They can under-
mine, and even contribute to the misuse of, scientific authority, serving to
occlude other interpretations, forestall other topics of enquiry, and push to
the sidelines important social debates about values and ethics (cf. Larson,
2011). It is important, then, that deforestation analyses return to careful,
evidence-based approaches, in order to contribute to constructive debate

about policy.

Lessons learned and the way forward

Our review of efforts to measure Madagascar’s shrinking native forests
results in four ‘take home messages'. First, the science is complex and messy.
Efforts to measure forest area, to determine historical and pre-historical
forest area, and to assess changes over time are technically challenging and
require more careful attention to detail than has heretofore been accorded.
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Work has too often been motivated more by the assessment of new satellite
sensors than by the careful repetition needed to build reliable knowledge

Second, the dominant conservationist discourse influences inlerﬁrelé-
tions of this complex and messy science. Power-laden ideas such as that
of the pre-human, island-wide forest, persist due to their co;respondcn(‘e
with conservationist worldviews. They shape the questions that are askec.l.
the interpretation of data, and the choice of statistics that are highlighté(i
and repeated,

Third, the existing evidence documents a general trend of forest loss
though #not of 90 percent as commonly cited. Increasingly rigorous compar:
isons of data derived from historical aerial photography and recent satellite
imagery appear to be converging on an estimate that as much as half -
but perhaps much less - of the most easily identified ‘primary’ forest types
changed to other land covers during the latter half of the twentieth century.
Chang'es in other ful:n'est lypes are quite varied, with some gaining and oth-
ers ]0511.1g. The available evidence does not support quantitative estimates
atany time prior to the photographic record, and prudence demands that
we avoid conjecture about forest cover dynamics during that time.

Fourth, there are specific ways in which forest cover analyses could be
;upro.\;‘ed in order to support more evidence-based policy deliberations.

ven it we succeed in defining forest for current purpo: e Ci
change the definitions used in lil;rle past without recloillzél;lljl?;z?‘,i(:‘itf:;;:eosl
and even if we were to repeat the prior analyses, the data we might ust;
are different, leading to incompatible results. Perhaps the most certain way
to judge land cover change would be to repeat the air photography con-
ducted around 1950 and apply the same analytic methods (e.g. Kull, 2012).
We must temper the habit of simply availing ourselves of the latest remote
sensing technology in the belief that its superior qualities will lead to more
reliable results and that it will become the standard to which future ;malyse-;
will be compared. A number of concrete steps could be taken. )

1 A systematic and fully documented reconciliation of the various
remote sensing datasets should be undertaken. This would involve
re-imterpretation of at least some of the mid-century aerial photos, as
well as of satellite imagery used in later studies, As part of this excrc;se,
Ll_le topographic map series (at least the land cover information) could be
digitized, with complete metadata, especially the dates of the photographs
from which each sheet was derived. The exercise would require sharing
access to all the imagery collected by different scientists, While this would
require a significant investment of labor, the capacity exists in-country.
Pt:gorous validation should be conducted by an impartial third party.
The digital data and metadata from the exercise should be made freely
available and further validation encouraged.
4 Careful classification of vegetation, allowing comparison with classifica-
tion schemes used in prior stidies. is ahenhtaly rraninl

(S0



96 William J. McConnell and Christian A. Kull

Madagascar has long been counted among the 1.-\'01‘.1(1’5 (70{15(:11\‘:1(1;01'1“1‘1:1():
spots due to its highly endemic and unusual wﬂ‘dhrfe anl(. plan c,n; (h];
perception that this natural heritage was under grave ‘rlm( ;11111;‘1111(: E‘.m.h‘s
ger of disappearing in the face of a growing hnm.al.l on.b aiug 1t; .‘111(1 :“.Oid_
biological riches developed over hundreds of 1111|lll0315 0 }ealls,. (| . r;m(m
ing further erosion of biodiversity by lnn‘nan activity is l‘:.(3.11211.11 ),;p > E
the most important challenges fac.ing society locvla'}': Ilf} [1%5- ‘sul;tg%ic.{mess
entirely appropriate to focus attention on those areas of par u]r_u me
and where the threat of human impact is 1h'e greatest. zf.\t 1“1e same i t(le,
however, curbing human activity is never a 5111}1310 under lakllng, (’.SIIJCC'IE’: .)
when those activities are directly linked to basic lm_mau Il(l'(:( s,las t 103; “:
in a place such as Madagascar. In this Qontext. p()ll(?)’ suc;:t,ss; igilfllfo.n?rxl-
confronting the values and inleres.ls (.)fdlffc.rent z}c.lms., van( 51;(, l-lmmione;s
tions depend, in part, on quality information. bc1enl{5ts anc p'lt. ione
alike must seek to build knowledge around the best e\'ltlellF(;, avoic lmlg;u;]i
jecture and hyperbole. Journals sho.uld enforce such llestliutnf, an(tli; [h(e
require that authors make data available on an ongoing basis sc.) 1~( 1
chaotic state of our knowledge about w!lat lllas onl:un:e(l can belle( lt?s'tslfa(.
The gold standard of knowledge huildnfg is rcpllcatl(.m, an(ll the ex:‘s ing
studies should be repeated to verify their results. Policy decns.ilon’s l:ue, in
the end, about values, interests, and power, but good data speaks volumes,
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Notes .

1 Details in Kull (2000, 2004). See also Koechlin et al. (1974), Burney (1997), and

rar 1984 )

2 ?:l:‘?{:l‘(dc ]a)Bftthic (1921, pp260-261) made sure to note that he II’lci'ﬂnl ui:.t a
pure dense forest across the island, but an island-wide ‘forest flora’ including
7 -ublands and xerophyllous plants. _ . _

3 ;’tlisllfr:l;il]be noted that Grzlichon’s main table contains several zu:1]111'.e?t;zclcrror§E
and that the totals should probably be _16,1?91,6f2ha and 19,440,672ha, n
including and including savanna, respectively. ) n ]

4 gtcl(lll]{yul{]ie IEFN 1'epo§t’s bibliography does not include I'i.uam:}lnlae Ell(iQ;J():;

; ver, i i ; unfortunately we hav i

, however, include Faramalala (1988h); un ; ) ¢ 1
;:lt(:lc?:{:?scled in obtaining a copy of the 1995 work, which may contain numeric
estimates.

5 The date should be 1988. May: \
data source as Landsat Thematic Mapper (TM e
Nelson and Horning (1993) also apparently incorrect

1981. ' ) i . ) y
6 It is also possible that the study used a slightly different set of images, however

y informati 5) is faulty
the link provided in the article to the Supplementary information (p5) is faulty,
making it impossible to verify.

i -rectly lists Far lala’s
aux et al, (2000) also incorrectly lists Faramalz
: : (TM). Green and Sussman (1990) and
ly cite this thesis as dated

R —
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7 The IEFN report (DEF et al., 1996) cites Nelson and Horning (1993) as hav-
ing detected 5,809,000ha. The difference with Nelson and Horning’s own
figure may have resulted from a misinterpretation of their “Table 3, The IEFN
report apparently rounded the original estimate of ‘rainforest’ (34,167 km?)
to 3,417,000 ha of ‘evergreen forest’, then combined the original estimates of
hardwood forest (6,697km?) and spiny forest (17,224km?) and rounded the
resulting 23,921 km? to get 2,392,000 ha, and proceeded to ignore the 6,697 km?
of grassland forest, perhaps misunderstanding this item in the table as simply
grassland,

8 Dufils cites not Mayaux et al. (2000), but JRC (1999), yet this reference does
not appear in the chapter bibliography. JRC is the home institution of Mayaux
et al. - Dufils may have been working from a draft report.

9 The Humbert and Cours Darne (1965) maps depict 34 land cover classes,
arranged in an array of floristic séries and elevational stages within three broad
types (Mmide, sec, littoral). It is not possible to know which of these classes were
combined to constitute the ‘evergreen’ estimate; while Dufils presented the
same total for this category as appeared in the IEFN (DEF et al,, 1996), that
report provides no information on the aggregation methods. Meanwhile, the
IEFN employed four phytogeographic zones (Est et Sambirano, Centre, Ouest, and
Sud) within which they floristically differentiated a dozen major classes of forest,
From these, Dufils appears to have selected a) Foréls denses humides sempirviventes

de UEst, du Sambirano et diu Centre, b) Foréts sclérophylles des pentes accidentales et du
Centre, and c) Foréts et fourrés sclérophylles de mantagne et du Centre. Finally, Mayaux
etal. (2000) mapped dense humid and dense dry forests, along with mangroves
and secondary forest complexes, from which Dufils selected the ‘dense humid
forest’ class. The comparison across Dufils’ harmonized ‘evergreen’ category
from these three studies was imperfect. One example is the inclusion of high-
land forests (Foréts denses humides sempirvirentes du Centre) from the IEFN
study, and the exclusion of the dense dry forests of Mayaux et al. (2000), some
of which lie in the IEFN's ‘centre’ zone.

10 Dufils’ (2003) ‘Table 4.5' includes an apparently misplaced decimal indicating
an implausible deforestation rate of 9.5 percent per year between the 1950s and
the 1990s; this was probably intended to read 0.95 percent per year (which, it
should be noted, is markedly lower than Green and Sussman’s (1990) estimate
of 1.5 percent per year for a subset of the area over the same period),

11 Dufils’ (2003) estimate of the rate of deforestation is inflated somewhat by his
choice of 1953 as the date represented in the Humbert and Cours Darne (1965)
maps. While this represents the median of the period during which the aerial
photos were acquired (1949-1957), our experience suggests that the bulk of the
flights actually took place at the beginning of the period, as reflected in Green
and Sussman’s (1990) choice of the year 1950 in their calculations. The addi-
tion of three years to the calculation of a deforestation rate would slightly lower
the resulting number.

12 Harper etal. (2007, pp2-3). They continue:

In practice, this means that the canopy is at least 80% closed. ‘Spiny forest and
woodland’ is primary vegetation dominated by closed-canopy trees or shrubs
in the arid southern and south-western regions of Madagascar, sometimes as
low as two meters in height in the extreme south. We did not include open-
canopy areas, secondary formations or plantations in our estimates of forest
and woodland areas. Lightly degraded primary forest and mature secondary
forest may be indistinguishable from primary forest in Landsat imagery.
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13 Unfortunately our ability to judge the quality of the results is hampered by the
lack of cartographic documentation. Harper et al. (’2007}_ [?rob'abl)' employed
many of the same scenes used by Faramalala (1988a) but it is difficult to know
since their metadata are inaccessible. o

14 hup://en.wikipedia.org/wiki/Madagascar, accessed 21 May 2012. This oft-read
site states ‘Since the arrival of humans ... Madagascar has lost .mm‘e‘t]mn 909%
of its original forest’ (citing a WWF/National Geograp]lic. website as its source)
and continues ‘key contributors to the loss of forest cover P{c}tu}c}}le use of cof-
fee as a cash crop, illegal logging, and slash-and—bul_'n activities'. The 1‘efel_‘cnce
to coffee cultivation as a major cause of deforestation is not representative of
the broader discourse (this reference is linked to a music sE‘holm' article, Fluof[
(2004), who in turn cites — indirectly — research published in Jarosz (1990).). ’

15 Stefan Lovgren, ‘Madagascar creates millions of acres of new protected areas’,
National Geographic News, May 4, 2007, available at http:// news.nauon'.vllgco-
gmphic.com/ncws/2007/05/070504-111;1tlaga_scm‘-]?ar.ks.]mnl (accessed 15 hhiay
2012). Many other examples are easily accessible via internet searches of terms
like ‘90 percent Madagascar forest’.
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The drivers of deforestation
and the complexity of land use
in Madagascar

Tvan R. Scales

. Introduction

Deforestation plays a central role in Madagascar’s environmental discourse.
The 1984 national strategy for conservation and sustainable development,
~ for example, warned that forest clearance would lead to ‘brutal and appar-
_' ently irreversible savannisation’ (MEEF, 1984, p15), while a World Bank
- report (1996, p10) stated that:

Madagascar has already lost 80 percent of its original forest cover, and
the rest is under severe pressure for reasons that relate principally to
poverty ... Traditional forms of itinerant agriculture, which are relied
on by the poor because they have no incentives to intensify production,
result in the burning of savanna and forests.

Forest clearance is thus painted as a one-way process of degradation, driven
by poverty and population growth and inevitably leading to the permanent
- loss of forest (Scales, 2011),

- Madagascar’s deforestation narrative is simple and appealing. It presents
a clear problem and an obvious solution - by reducing poverty and per-
] suading Malagasy farmers to adopt different livelihoods, forest loss could
be avoided and Madagascar’s biodiversity protected. However, I argue in
 this chapter that policy has tended to assume the importance of population
growth and poverty as drivers of forest clearance, without exploring the
1ole of other factors shaping land use. It has also tended to ignore the role

of other land uses, especially large-scale commercial agriculture,

- In the first section of this chapter I take an historical approach to for-
&st loss, looking at the land uses that have led to deforestation during the
{twentieth century. I show that a range of land uses, and not simply forest
Clearance agriculture by rural households, have led to changes in forest
cover. In the second section I focus on the land use practices of rural house-
‘holds. While the received wisdom and conservation policy have tended to
;___f_'ocus on the role of poverty as a driver of deforestation, I show that rural
households make land-use decisions based on a complex range of factors.



