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[1] Recent and long term variations in ice extent on
Kilimanjaro are investigated in the context of 20th century
climate change in East Africa. Quickbird satellite data show
that the areal extent of glaciers on Kilimanjaro is 2.51 km2

in February 2003. To assess glacier retreat on Kilimanjaro
two glacier systems are identified: (1) plateau (�5700 m)
and (2) slope (<5700 m). Vertical wall retreat that governs
the retreat of plateau glaciers is irreversible, and changes in
20th century climate have not altered their continuous
demise. Rapid retreat of slope glaciers at the beginning of
the 20th century implies a strong departure from steady state
conditions during this time. This strong imbalance can only
be explained by a sudden shift in climate, which is not
observed in the early 20th century. Results suggest glaciers
on Kilimanjaro are merely remnants of a past climate rather
than sensitive indicators of 20th century climate change.
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1. Introduction

[2] Glaciers in tropical regions have retreated drastically
since the mid and second half of the 19th century [Kaser
and Osmaston, 2002], with glaciers on Africa’s highest
mountain, Kilimanjaro, being no exception to this trend
[Hastenrath and Greischar, 1997]. Kilimanjaro (meaning
‘shining mountain’), a huge stratovolcano (ca. 80 by 50 km
at its base) located in tropical East Africa at the Kenya-
Tanzania border (3� 040 S, 37� 210 E), formed in association
with the Eastern Rift Valley about one million years ago
[Osmaston, 1989]. It consists of three peaks: Shira (4005 m),
Mawenzi (5140 m), and Kibo (5895 m), the latter being the
only peak to still retain glaciers and be faintly volcanically
active (fumarole activity [e.g., Spink, 1944; Kaser et al.,
2004]). Moraine evidence on Kilimanjaro suggests four
major glaciations in the Pleistocene took place, both during
and between phases of volcanic activity, followed by
some lesser Holocene readvances and retreats [Downie
and Wilkinson, 1972; Hastenrath, 1984; Osmaston, 1989;

Thompson et al., 2002]. Although absolute dating is poor,
the maximum extent of moraines on Kibo and Mawenzi
suggest that during the height of the last glaciation in the
Pleistocene a large ice cap extending down to about 3200 m,
covering an area of at least 150 km2, blanketed Kilimanjaro
[Osmaston, 1989].
[3] The precise age of existing glaciers on Kilimanjaro is

uncertain, as is the exact time their present disintegration
commenced, though reconstruction of the climatic history
of East Africa indicates that decades immediately
preceding 1880 coincided with a probable glacier maximum
[Hastenrath, 2001]. When Hans Meyer made the first obser-
vations of glaciers on Kilimanjaro in the late 1880s and
1890s the break up of ice bodies had just begun [Meyer,
1900]. The areal extent of the glaciers just prior to this has
been estimated to be about 20 km2 [Osmaston, 1989]. Drastic
shrinkage of the remaining glaciers continued throughout the
20th century, with total ice cover reduced to about 2.6 km2 in
2000, as determined by Thompson et al. [2002] from aerial
photographs. A thorough review of early observations on
Kilimanjaro is given by Hastenrath [1984, p. 63–92].
[4] The retreat of glaciers on Kilimanjaro has in recent

years attracted broad attention, with their disappearance
sometimes linked to tropical warming [e.g. Alverson et
al., 2001]. However, glacier mass balance is the product
of changes in more than one meteorological parameter,
depending mainly on a combination of air temperature,
solar radiation and precipitation [Oerlemans, 2005]. Annual
precipitation in East Africa and the Kilimanjaro region has a
bimodal distribution that reflects the seasonal zonal oscil-
lation of the intertropical convergence zone, with 70–80%
of annual precipitation occurring in March to May and
October to December [Coutts, 1969]. This seasonality in
rainfall makes glaciers on Kilimanjaro, like other tropical
glaciers, particularly sensitive to changes in air humidity
and cloudiness [Kaser, 1999]. In contrast, seasonal varia-
tions in air temperature are smaller than diurnal variations in
air temperature at all altitudes in the Kilimanjaro region
[Mölg and Hardy, 2004]. Unlike other glaciers in East
Africa, the remaining ice bodies on the summit plateau of
Kilimanjaro are also above the mean freezing level [Kaser et
al., 2004; Hastenrath, 2006]. The uncertainty about changes
in air temperature in the tropical troposphere [e.g. Thorne et
al., 2005], and the known importance of moisture related
variables on tropical glacier mass balance [Kaser, 1999],
make it difficult to suggest that air temperature changes
alone are responsible for glacier recession on Kilimanjaro.
[5] To re-evaluate possible causes of glacier retreat on

Kilimanjaro we present a new detailed map of the remaining
ice bodies on Kilimanjaro using high spatial resolution
images from the Quickbird satellite taken in February
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