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Archival photographs show no climate-induced changes
in woody vegetation in the Sudan, 1943-1994*
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Abstract

An archive of satellite and aircraft photographs of the western Sudan showed no long-
term (1943-1994) trends in the abundance of trees despite several decades of recent
drought in this region. These data extend the extant historical record of vegetation
change in the African Sahel, where recent fluctuations in vegetation greenness have
been monitored with the NOAA Advanced Very High Resolution Radiometer since 1980.
Despite substantial population turnover, woody vegetation is not yet indicative of the
recent climate changes in this region.
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Introduction
Global warming, induced by increasing concentrations
of greenhouse gases in the atmosphere, has the potential
to produce worldwide changes in precipitation as well
as temperature (Rind ct al. 1990). These climatic changes
are expected to produce shifts in the natural boundaries
of vegetation, especially at the borders of deserts
(Emanuel ct al. 1985; Schlesinger et al. 1990). Recently,
Tucker et al. (1991, 1994) analysed the normalized differ-
ence vegetation index (NDVl) of vegetation greenness,
derived from the NOAA Advanced Very High Resolution
Radiometer (AVHRR) to suggest cyclic changes in the
extent of the Sahara desert that were correlated to vari-
ations in precipitation along its southern border during
the 1980s. There was little evidence for an overall increase
in the area of desert, which might indicate desertification
of the Sahelian grasslands along its southern border.

Grasses comprise a large fraction of the vegetative
cover in the Sahel, accounting for rapid annual and
seasonal fluctuations in vegetation in response to precip-

*Many of the data for this paper are in classified intelligence
archives. As a consequence, the options for evaluating the paper
and for ensuring that other scientists can reproduce the analysis
are constrained. Publication of this paper in Clobal Change Biology
is intended to illustrate the potential use of, and stimulate
discussion on the role of, classified data in the open scientific
literature. Limitations on access to the data make it impossible
for the journal's usual review process to assess all aspects of
data quality, selection, or interpretarion
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itation and the direct link between rainfall and the success
of pastoral grazing in this region (Breman & de Wit 1983).
However, long-term directional shifts in the climate of
arid regions are often better documented by changes in
the distribution and abundance of long-lived woody
vegetation (Peters et al. 1993). Woody plants are buffered
against short-term fluctuations in rainfall by virtue of
deep root systems which provide access to soil moisture
that is unavailable to grasses (DeLucia et al 1988; Dawson
& Ehleringer 1991). For example, the abundance of Larrea
tridentata is directly correlated to mean annual rainfall in
the Mojave Desert, USA (Beatley 1974; Woodell ei al. 1969),
and the cover of woody plants is directly correlated to
the mean annual precipitation in dry woodlands of Kenya
(Coughenour & Ellis 1993). Here, we use an archive of
satellite and aircraft photographs to examine changes in
the distribution and abundance of woody vegetation in
the western Sudan from 1940 to the present. The results
of our study do not show a statistically significant trend,
corroborating the conclusions of Tucker et al. (1994) and
Hellden (1990).

Methods

Lamprey (1975) reported that the Sahara was expanding
southward at a rate of 5.5 km y"̂  in the central Sudan.
We used the archive of remotely sensed photography
from aircraft and satellites operated by the Intelligence
Community and Department of Defense to provide a
record of the abundance of woody vegetation in Darfur
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Fig. 1. Normalized abundance of woody vegetation, 1965-93, at
7 sites along a transect from 10° 30' N (site 1) to 16° 30' N
(site 7) at 25° 30' E. longitude (unless otherwise noted) in the
western Sudan.

Province, western Sudan — a region oi suspected, poten-
tial desertification (Rapp 1976; Holcombe 1987; El
Moghraby 1987). First, we selected 7 sites extending from
10° 30' N to 16° 30' N along the 25° 30' E longitudinal
meridian to provide a transect extending from the Sahara
desert through the Sahel zone. All available, usable
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photographs of these sites, spanning the period from
1940 to the present, were obtained from the archive.
Second, 4 additional sites were selected along the transect
in the area east of Jebel Marra, which Lamprey (1975)
indicates as especially vulnerable to desertification. In
each area, we chose sites that showed no apparent human
impact (e.g. clearing for agriculture or firewood) at any
point in the repetitive sequence.

We used geological features to delineate a specific
study area that could be relocated in each photograph of
each site. The census area in each of the 7 sites of the
initial transect was variable from site-to-site, but it always
contained between 100 and 1000 trees. The area examined
in each of the 4 sites near Jebel Marra was
=170 m X 170 m, and it typically contained 100-500 trees
or shrubs greater than 4 m diameter. Each area was
selected to avoid riparian areas that often support unusu-
ally dense vegetation in arid regions (Schlesinger & Jones
1984; Coughenour & Ellis 1993).

The woody vegetation in western Sudan is dominated
by Anogeissus leiocarpus, various species of Acacia, and
other desert trees (Wickens 1976; Ahmed 1982). Individual
plants greater than 4 m diameter were counted in the
census area delineated in each photograph. The count of
trees in each photograph recognized new individuals
that entered this minimum size class since the previous
photograph of the site, as well as trees that had disap-
peared from the site. A rate of population turnover
was calculated from these data, but it is important to
remember that the 'birth' or 'death' of trees between
consecutive censuses reflects the appearance or disap-
pearance of individuals from the minimum size class,
rather than the confirmed birth or death of individuals.
The final count of trees in each photograph was normal-
ized against the mean of counts from all repetitive
photographs of the site to give an index of temporal
fluctuations in vegetation. When sufficient data were
available, we examined the trends in vegetation in photo-
graphs taken at the end of the wet season (September to
November), as a subset of the entire photographic record
of each site. In Senegal, Tappan et al. (1992) found that
the NDVI peaked during the autumn rains.

Results

Figure 1 shows the normalized abundance of woody
plants at the 7 sites comprising the transect from 10° 30'
N to 16° 30' N in the western Sudan. This transect extends
from deciduous savanna woodland (site 1) in the south,
through thom savanna and semi-desert scrub, to true
desert (site 7) in the north (Wickens 1976). Owing to the
small number of repetitive photographs at each site, the
trends at sites 1-6 are not statistically significant. At these
sites, the long- term average rate of population turnover
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Fig. 2 Normalized abundance of woody vegetation at 6 sites
just east of Jebel Marra in western Sudan. (We combined the
data irom the 4 sites east of Jebel Marra with 2 sites of the
original transect that were located in the same area). The uppî r
panel shows the entire datasot, whereas the lower panel includes
data from recent photographs taken at the end of the wet season
(September-November).

ranges from 1.0 to 2.0% per year (Table 1) — not unlike
that recorded in physiognomically similar woodlands in
North America, including pinyon {Pinus nionophylla)-
juniper {Juniperus osteosperma) woodlands of the Great
Basin desert of Nevada and Utah (Blackburn & Tueller
1970; Beatley 1980). No directional shifts in vegetation are
evident as a function of latitude; however, there is an
increase in the abundance of woody vegetation at the
northernmost site, located in the Sahara desert. Here, the
count of woody plants showed a significant (P < 0.05)
increase of 1.5% per year between 1965 and 1993.

Figure 2 shows changes in the normalized abundance
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Table 1 Abundance of trees at site 4 (13° 41' 40" N; 24" 52' 10"
E) in Darfur Province, Sudan

Date

April 1943
June 1974
November 1977
September 1987
November 1987
April 1992
November 1992

Old trees
expected

228
257
237
266
268
247

Trees
lost

58
66
0

14
31
17

New trees
appearing

87
46
29
16
10
38

Total

228
257
237
266
268
247
268

of vegetation in a group of six sites located between 12°
18' N and 13° 14' N, on the plains east of Jebel Marra,
an area immediately south of the southern position of
the Sahara as mapped by Lamprey in 1975. Both the
overall dataset and the wet season data in photographs
taken since 1975 show a decline in the abundance of
woody vegetation, but neither of the regressions is statist-
ically sigiuficant.

Discussion

These data substantiate the basic conclusions of Tucker
et al (1994) and Hellden (1990), indicaHng no recent,
dramatic, climate-induced increase in the area of the
Sahara desert as a result of the widespread drought in
the Sudan during the last several decades (Eltahir 1988;
Nicholson 1989; Hulme 1990). Of course, these data do
not address the potential degradation of woodlands from
direct human activities, such as land clearing or grazing,
and the trend pictured in Fig. 2 might become significant
with a longer or larger data set. Significantly, access to
this archive* has extended the period of record for several
decades before the earliest AVHRR data are available,
and it allows an explicit examination of that component
of vegetation - woody plants - that is most indicative of
long-term climatic trends. Although our analysis applies
only to the western Sudan, the photographic archive for
other regions of the Sahel might be used to extend this
analysis across all of Africa.
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Appendix 1

The location of the study sites in Darfur Province, showing
the initial transet of 7 (numbered) sites, and the additional
(unnumbered) sites just east of Jebel Marra,
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