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Abstract The gradual spread of plant and animal domestication throughout the 
Nile valley was associated with widespread deforestation, accelerated soil erosion 
and an exponential increase in the human population. The climate in the Nile basin 
during the first half of the Holocene was wetter than today. The advent of drier con-
ditions began about 5,000 years ago and further accelerated the land degradation 
resulting from the spread of agriculture into the upland headwaters of the Blue and 
White Nile. A severe drought 4,200 years ago is evident in the strontium isotopic 
records from Lake Albert in Uganda as well as the Nile delta, and was associated 
with famine and severe social distress during Old Kingdom times. Deforestation in 
the Ethiopian highlands has led to accelerated soil loss from the Ethiopian headwa-
ters of the Blue Nile/Abbai and Atbara/Tekezze rivers, with concomitant rapid rates 
of sedimentation in reservoirs downstream. By 1996, the capacity of the Roseires 
reservoir on the Blue Nile had been reduced by almost 60% through silt accumula-
tion and that of the Khasm el Girba reservoir on the Atbara by nearly 40%. Historic 
fluctuations in Nile flood levels are in part related to El Niño Southern Oscillation 
(ENSO) events, with years of low flow often synchronous with years when the 
Southern Oscillation Index (SOI) is strongly negative. (The SOI is a measure of the 
surface atmospheric pressure difference between Darwin and Tahiti). Since over 
300 million people will depend upon the waters of the Nile for their livelihood by 
the year 2020, a clear understanding of present land use and Nile flood history is 
essential for future planning.

1 Introduction

By the year 2020 over 300 million people will depend upon the waters of the Nile 
for their livelihood, so that a clear understanding of present land use and Nile flood 
history is essential for future planning (Hassan, 1981; Conway & Hulme, 1993; 
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Fraedrich et al., 1997; De Putter et al., 1998; Ayoub, 1999; Schumm, 2007, 
pp. 518–521; Wolman & Giegengack, 2007; Woodward et al., 2007). The lower 
Nile valley was one of the cradles of urban civilisation, totally dependent on floods 
from the upper Nile, just as Egypt is today. This great civilisation was based upon 
sedentary agriculture and a complex social structure (Said, 1997), in strong contrast 
to the hunter-gatherer communities of the Later Stone Age who occupied the Nile 
valley before the advent of Neolithic farming some 8,000 and more years ago 
(Arkell, 1949, 1953; Adamson et al., 1974; Clark, 1989). An interesting question 
is how these prehistoric communities might have interacted with the ever changing 
environments in the Nile basin, and what light this might shed upon present-day 
and possible future impacts.

2 The Neolithic Revolution

With the advent of forest clearing from Neolithic times onwards, and the  exponential 
increase in the human population as a result of plant and animal domestication 
(Williams et al., 1998, pp. 239–241), there is widespread evidence of accelerated 
soil erosion in many parts of North Africa (Williams, 1988), including the Nile 
basin. One point to be borne in mind is that an impressive body of well dated 
evidence shows that the climate in the Nile basin and the adjacent Sahara  during 
the Later Stone Age and early Neolithic was, in general, far wetter than today 
(Williams et al., 1974; Ritchie et al., 1985; Pachur & Kröpelin, 1987; Haynes et al., 
1989; Pachur & Hoelzmann, 1991; Ayliffe et al., 1996; Gasse, 2000; Haynes, 2001; 
Nicoll, 2001, 2003; Schild & Wendorf, 2001; Hoelzmann et al., 2004; Jousse, 2004; 
Linstädter & Kröpelin, 2004; Smith et al., 2004; Kuper & Kröpelin, 2006; Kröpelin 
et al., 2008). It is also worth stressing that the later Neolithic and its associated clearing 
of woodland for agricultural purposes coincided with the progressive desiccation 
which followed nearly 10,000 years of higher rainfall over much of North Africa. 
The past 4,000–5,000 years were thus a time when human impact aggravated and 
accelerated the effects of the processes of desertification that were already in train. 
One parti cular extreme drought took place about 4,200 years ago and is evident in 
the strontium isotopic record in the Ugandan headwaters of the Nile (Williams et al., 
2006) as well as in the Nile delta 7,000 km downstream (Stanley et al., 2003) and 
caused severe social distress in Old Kingdom times in Egypt and further afield.

3 Deforestation

In the Ethiopian headwaters of the Blue Nile and Atbara/Tekazze rivers, the 
 long-term rate of erosion in the forested highlands amounts to 10–15 m/Ma 
when averaged over the past 30 million years (McDougall et al., 1975; Talbot & 
Williams, this volume). The present rate is one to two orders of magnitude higher 
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(Hurni, 1999; Williams, 2000). A similar bleak picture is also true of the once 
densely forested uplands of Uganda, which have been extensively cleared for agri-
culture, construction and fuel, including charcoal burning. Indeed, land use change 
may now outweigh climate as a geomorphic agent in the more elevated parts of the 
Nile basin, especially the Ethiopian and Eritrean uplands (Nyssen et al., 2004).

Nevertheless, year-to-year variations in precipitation, and intermittent prolonged 
droughts, continue to exert a major influence upon plants, animals and human 
societies in the drier portions of the basin (Williams, 2003a, b). Seventeen years of 
monitoring vegetation cover along the southern margins of the Sahara using satel-
lite imagery revealed considerable variation from year to year in response to annual 
variations in rainfall (Tucker & Nicholson, 1999). An earlier study by Tucker et al. 
(1991) extending from 1980 to 1990 concluded that at least 10 years of observations 
were needed to detect any possible trends in the vegetation cover in this region.

4 The Role of ENSO

We now recognise the role of El Niño Southern Oscillation (ENSO) events and 
of regional anomalies in sea surface temperature in controlling the incidence 
of major floods and droughts in widely scattered parts of the world (Adamson 
et al., 1987; Williams & Balling, 1996; Camberlin et al., 2001; Mo et al., 2001; 
Mo & Häkkinen, 2001; Giannini et al., 2003), including the Nile basin (Osman & 
Hastenrath, 1969; Whetton & Rutherfurd, 1994; Camberlin, 1997; Wang & Eltahir, 
1999; Nicholson & Selato, 2000; Whetton et al., 2000; Osman & Shamseldin, 2002; 
Bergonzini et al., 2004).

Sir Gilbert Walker defined the Southern Oscillation in 1924 (Walker, 1924). 
The Southern Oscillation Index (SOI) is a measure of the surface atmospheric 
pressure difference between Darwin and Tahiti and, as noted above, is widely 
used today in predicting wet and dry years. Time series analysis shows a statisti-
cally significant correlation between years of low Nile flow, drought in Indonesia 
and years of weak summer monsoon rainfall in India and eastern China (Whetton 
et al., 1990; Whetton & Rutherfurd, 1994; Whitaker et al., 2001). The converse 
is equally true, with years of extreme flooding synchronous in each of these 
regions. Short periods of exceptionally heavy rainfall and flooding in the central 
Sudan (Hulme & Trilsbach, 1989; Davies & Walsh, 1997; Williams & Nottage, 
2006) are often broadly synchronous with extreme downpours in regions outside 
the Nile basin, including Somalia and Inner Mongolia, as noted by Williams and 
Nottage (2006). On 16 August 1999, Khartoum received as much rain in 6 hours 
as it normally received in the entire year. In fact, the extreme rain that fell in only 
a few days in August 1999 filled the depressions between the dunes in the northern 
Gezira and created the tropical rain-pools so well described almost half a century 
ago by Julian Rzóska (1961). This extreme event also re-created the type of land-
scape familiar to the hunter-gatherer-fishing folk of the Early Khartoum Tradition 
(Williams & Nottage, 2006).
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5 Erosion

Despite earlier claims to the contrary, overgrazing was not responsible for the pro-
longed drought that began in the Sahel region of western Africa and in the Sudan 
in 1968 (Williams, 1995, 2000, 2002; Williams & Balling, 1995; Zeng, 2003). 
However, drought can lead to local overgrazing which can in turn accelerate soil 
erosion by wind and water and re-activate previously stable vegetated dunes. The 
southern margins of the Sahara, including Kordofan Province west of the White 
Nile, are covered in sand dunes that have remained vegetated and relatively stable 
for the last 10,000 years. Recent severe droughts combined with tree clearing and 
over-stocking have led to remobilisation of the once stable desert dunes in this 
region. Aubréville (1949) documented the replacement of tropical African rainfor-
est by secondary savanna and scrub as a result of tree clearing and burning associ-
ated with shifting cultivation and coined the term desertification to encapsulate this 
process. He concluded that humanly induced deserts were forming in Africa in 
areas receiving 750–1,500 mm of rain a year.

Removal of forest in tropical uplands can alter the local hydrological balance 
through increased runoff and reduced infiltration. Accelerated loss of soil from 
highland catchments can lead to sedimentation in reservoirs far downstream and 
not always within the same country. By 1996, the capacity of the Roseires reservoir 
on the Blue Nile had been reduced by almost 60% through silt accumulation and 
that of the Khasm el Girba reservoir on the Atbara by nearly 40% (Swain, 1997). 
The silt was from the Ethiopian highlands. Hurni (1999) has monitored acceler-
ated soil erosion in the Ethiopian uplands. In one region in Gojjam Province the 
area cultivated increased from 40% in 1957 to 77% in 1995, while the area under 
natural  forest decreased from 27% to 0.3%. Annual rates of soil loss amount to 
about 2 mm/a) on mountain slopes, but attain rates of over 15 mm/a during culti-
vation years, or some 5–10 times more than in non-mountainous areas (Hurni, 
1999). However, as Nyssen et al. (2004) point out so clearly, deforestation in the 
Ethiopian highlands during the last several thousand years has not been a linear 
process, with intervals of forest regrowth alternating with periods of forest removal, 
a view endorsed by Williams (2003b, pp. 38–41), who also noted that gully erosion 
in Ethiopia was sometimes triggered by earthquake activity and had nothing to do 
with human impact (Williams, 2003b, pp. 41–45).

6 Salt Accumulation

Further examples of adverse human impacts upon landscapes in the Nile basin 
include the progressive accumulation of salt in agricultural soils as a result of clear-
ing of the native vegetation, poor canal maintenance and inadequate soil drainage. Salt 
accumulation is now a major problem in parts of Egypt irrigated from the main 
Nile and in sporadic patches along the White Nile (Williams, 1968; Williams et al., 
1982). Fortunately for the peasant farmers of the Gezira irrigation area watered from 
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the Blue Nile, both the water and the sediments from the Blue Nile are non-saline, 
so that the long-term prospects for farming on soils derived from Blue Nile – by far 
the majority, as noted by Tothill (1946) as long ago as 1946 – are reassuring.

This latter point brings us to the issue of sustainable land use in the Nile basin. 
As a broad generalisation, sustainable use of all natural resources depends upon 
two key principles or prerequisites (Robèrt, 1992; Williams, 1999, 2000, 2003). 
First, materials should not systematically be removed from any natural or humanly 
modified system, at a rate faster than the capacity of that system to produce a 
surplus. Second, materials should not systematically be added to any natural or 
humanly modified system at a rate faster than the capacity of the system to absorb 
and recycle such materials. Accelerated soil erosion breaches the first condition; 
excessive use of fertilizer, pesticide or herbicide breaches the second condition. On 
planet earth the only source of any net increase in primary productivity is through 
photosynthesis. All else is simply recycling what is already present on earth. 
Hence, great care must be taken to avoid undue deforestation and removal of the 
plant cover.

7 Conclusion

With a world population in excess of 6.5 billion, and an exponential increase in 
greenhouse gases, it is highly probable that current global warming trends are 
primarily anthropogenic (Menon et al., 2002; Meehl & Tebaldi, 2004). Among 
predicted outcomes are more extreme rainfall events and an increase in tropical 
summer rainfall, and an increase in the magnitude and frequency of droughts in 
semi-arid areas. The geomorphic consequences are likely to be greater runoff and 
sediment yield from tropical rivers. The interactions between land, ice, ocean, 
atmosphere and biosphere are complex and involve lags, thresholds and feedback 
processes, both positive and negative. It is possible that dust mobilisation from the 
southern margins of the Sahara may be both a cause and a consequence of drought 
in the Sahel region of Africa (Prospero & Lamb, 2003; Zeng, 2003).

The frequency of El Niño events has decreased during the last 1,400 years (Moy 
et al., 2002), but we do not know what influence the general increase in global sea 
surface temperatures will have upon the magnitude and frequency of future El Niño 
events. In the Sudan – the largest country in the Nile basin and Africa – the distri-
bution of tree species is closely allied to rainfall and soil type (Smith, 1949), so 
that any future changes in precipitation, if sustained, will have an as yet  unforeseen 
effect upon animal habitats and human land use. It is too soon to argue that the 
severe drought that afflicted much of the Nile basin from 1968 onwards is linked to 
anthropogenic influences on climate, since there were, after all, prolonged historic 
droughts in East Africa (Verschuren et al., 2000) before the Industrial Revolution 
and its associated emissions of carbon dioxide, methane and nitrous oxides. 
However, we are entering uncertain times, where forecasting the impacts of future 
change is not easy. It is, for example, hard to predict the climatic consequences of 
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the albedo changes linked to the decrease in polar ice, since the response may be 
non-linear. Human societies will need to learn to live with uncertainty in a time of 
rapid environmental change, just as our ancestors did in the past.
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