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Abstract The aim of this paper is to explore the feasibility of developing
long-term dendroclimatological analyses in a climatically important area of
Africa. Rainfall over the highlands of northern Ethiopia is highly seasonal
and the main source of runoff to the Blue Nile and through it, the main
determinant of variability in Main Nile discharge. The region is also
climatically interesting due to its tinks with El Nifio-Southern Oscillation
events and Sahel rainfall. Tree-cores were taken from 180 trees at two
different locations in northern Ethiopia and one in ceniral Ethiopia. Cores
were obtained from 18 different species, with most taken from two species
considered to have the best ring definition: Juniperus procera and Ekebergia
capensis. Many of the species showed no evidence of seasonal growth
although some appeared {o have good, but intermittent, examples of clear
rings. Nearly all the cores, however, contained areas with unclear ring
boundaries and false rings. Attempts to match up cores from the same tree
were successful in one or two cases with J. procera but it was not possible to
achieve the same degree of unequivocal cross-matching between different
trees as is routinely possible in other (non-African) regions. Further work is
required in two areas: first, more detailed analysis of the samples and
second, an assessment of the distribution and quantity of mature J. procera
and E. capensis in northern Ethiopia.

INTRODUCTION

The climatic importance of the region arises from the fact that the Ethiopian
Highlands are the source of the Blue Nile, the largest tributary of the Main Nile. A
thorough quantitative analysis of the relationship between rainfall and runeff in the
Blue Nile basin is hampered by the lack of extensive or reliable rainfall data and
hydrologic data. The short records that do exist indicate that fluctuations in Blue Nile
flows contribute significantly to fluctuations in Nile discharge, with important
implications for water resource management in both Egypt and Sudan (Conway &
Hulme, 1996). To a large extent tropical regions have been neglected in
dendrological and dendroclimatological stadies, with a few exceptions. Primarily this
has been due to the general lack of seasonality and because many species either do
not form distinct rings or where they do form rings then they may not be annual in
nature. More recently some progress has been made in the analysis of tree-rings from
trees growing in the tropics. In particular, research has shown that many tropical
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species in regions with seasonality in rainfall or tlooding may form distinct annual
rings. For this study it is hypothesised that the strong scasonal rainfall cycle in
northern Ethiopia will produce seasonal growth cycles in the trees.

HISTORICAL CLIMATOLOGY AND DENDROCLIMATOLOGY
Palacoclimatic context

There has been very little work on palacoclimate in the region of the Blue Nile.
Huxni (1982) reconstructed snow line migrations during the Holocene in the Simen
mountains when altitudunal belts reached 800 m lower than the present day (roughly
7°C cooler, between 20000-12000 years BP). Williams er al. (1978) identified fossil
periglacial deposits in the Simen mounfains. Messerli & Winiger (1980) estimated
the lower limits for glaciation in the Simen mountains at 4250 m and Gasse ef al.
{1980} put the maximum glaciation at between 27000 and 21000 years BP. Friis
{1992) contains a comprehensive review of palaeoclimatic studies conducted in
Ethiopia. Gasse & Street (1978) found an early to mid-Holocene period of high lake
levels in the Lake Ziway-Shala basin (Ethiopian Rift Valley lakes, south of Addis
Ababa} followed by a well defined regression between 6000 and 4000 years BP.
Gillespie et al. (1983) used various types of geomorphological and stratigraphical
evidence to reconstruct Ziway-Shala Basin lake levels back 14000 years BP. They
found the post-glacial wet phase in tropical Africa (12500-5000 yvears BP)} was
interrupted by several severe dry episodes (11000-10000, 8500-6500 and 6200-
5800 years BP). A major recession occurred around 5000 years BP and since then
dry conditions have prevailed. Gasse ef al. (1994) discuss fluctuations in the
Ziway-Shala basin and also Lake Abbé, the terminal lake of the Awash river.
Bonnefille & Mohammed (1994) produced a 3000-year high resolution pollen record
from the Awash Mountain (just east of the Ziway-Shala Basin}., Changes in species
composition suggesied a cooling of 2°C occurred at 560 * 120 years BP and recent
regrowth of the forest was indicative of a recent warming trend.

Nile River flows and rainfall over Ethiopia

Reliable discharge records for the Main Nile arc available trom 1890 and for the
Blue Nile from 1900 (Fig. 1{(a) and (b), respectively). More approximate records of
the Main Nile flood level exist back to the fifth century (from the Roda Nilometer in
Cairo). Fig. 1l(c) shows a basinwide weighted area average annual rainfall series
derived from between three and 11 gauges, depending on their length of record,
located inside or close to the Blue Nile River basin (see Conway, submitted, for
further details). The rainfal! series shows good agreement with Blue Nile discharge,
particularly on decadel time scales. Comparison of Fig. 1(a) and (b) shows clearly
the dominant influence of fluctuations in Blue Nile discharge on fluctuations in Main
Nile discharge. Figure 1(a) shows a period of very high flows of the Main Nile
between 1890 and 1898; unfortunately no continuous discharge or rainfall records
date back this far for the Blue Nile although some stage readings do exist for the
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Blue Nile at Khartoum for the years between 1869 and 1883 (Walsh er al., 1994).
These indicate floods were more frequent and severe in the period 1869-1883 than at
any time during the 20th Century. This evidence and the seasonality of the Main Nile
flow regime during the 1890s suggests that increased rainfall over the Blue Nile
region must have been largely responsible for the high Main Nile flows during the
1890s. Figure 2 shows the mean monthly rainfall, temperature and potential
evapotranspiration (PE) for six sites across the study region. There is litile variation
in temperature and PE through the year but the rainfall regime is strongly seasonal
with most rain occurring between June and September. The length of the wet season
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Fig. 1 (a) Annual river flows for the Main Nile {upstream of the High Aswan Dam
reservoir); (b) the Blue Nile at Khartoum (dashed line, 1900-1933) and at Rosieres
and El Diem (bold line, 1911-1993); and {(c) basinwidec weighted area average
annual rainfall. All series have 10-year Gaussian filter applied.



246 D. Conway er al.

decreases with increasing latitude so that at Addis Ababa (9°N) there are seven
months with over 50 mm rainfall, whereas at Addis Zemen (12°N) there are only
five months with over 50 mm.

The Blue Nile basin lies within the same latitudinal band as the African Sahel.
However, it is often considered as a separate climatic region from the Sahel due to its
location on the Ethiopian plateau where orographic influences have a large impact.
The patterns of global oceanic and atmospheric circulation which modulate sea
surface temperatures may be inferred to modulate rainfall throughout the Sahel and
the Ethiopian platecan, although the relative influences of the Atlantic, Indian and
Pacific Oceans will vary between and within these areas. A number of studies have
found significant negative relationships between Nile river flows and various indices
of El Nifio-Southern Oscillation events (Quinn, 1992; Whetton & Rutherford, 1994;
Seleshi et al., 1995; Eltahir, 1996; Conway ef af., 1997).

Dendroclimate studies in Africa

Dendroclimatology has proven very difficult to utilise in Africa and most efforts have
failed because of an inability to positively identify and date true anmual rings. The
notable exception is Morocco where long chronologies and rainfall reconstructions
have been produced. Much of the Blue Nile region and northern Ethiopia possesses a
strongly seasonal and unimodal rainfall distribution which is encouraging for our
purposes. Where there is little variation in annual temperature, such as in the tropics,
seasonal variation in moisture may cause cyclical tree growth. Progress has been
slow, and factors such as variability in dry/wet season structure and access to
perenmal soil moisture sources, exacerbate the process. For these reasons it may
often be the case that more time-consuming or costly methods of ring determination
may be required in the tropics (such as densitometry analysis and the use of stem
disks).

Work undertaken in South Africa has shown that trees in this region are rarely
suitable for dendrochronology or dendroclimatology. Of 108 species sampled by
Lilly (1977; cited by Tyson, 1986), only five showed much promise. Nevertheless, a
number of chronologies have been developed, including a regional chronelogy from
Widdringronia cedarbergensis (Dunwiddie & LaMarche, 1980; cited by Tyson,
1986) and the longest series from a single Podocarpus falcatus dating back to the
13th century (Hall, 1976; cited by Tyson, 1986). It was not possible to corroborate
the series, however, because trees nearby possessed complacent rings. Interpretation
of the series and their climate signal is extremely difficult and subject to a high
degree of uncertainty.

Jacoby (1989) describes research in Kenya on six species with fairly prominent
rings: Juniperus procera, Vitex keniensis (Meru oak), IHex mitis, Chlorophora
excelsa, Tectona grandis and Strychnos usambarensis. Meru oak possessed rings
clear engugh to cross-date between two samples. J. procera samples from near
Nairobi possessed clear rings, although samples from high elevations on the east side
of Mount Kenya had only vague bands of denser and lighter wood. Jacoby (1989)
also found two rings per year in planted Mexican Cypress (Cupressus insitanica),
one corresponding to the long rains, and the other to the short rains. He obtained good
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Fig. 2 Sampling location map and mean monthly climate statistics for six sites at
different latiudes in Ethiopia. Rainfall (bold lire), temperature (dashed line) and PE
(dotted line).
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agreement between ring widths and rainfail data from nearby over a 10-year period.
Stahle ef al. (1997) identifted anmual growth rings in Prerocarpus angolensis growing
in Zimbabwe and ohtained a significant correlation between a derived tree-ring
chronology (121 years long} and regional rainfall amounts.

DENDROCLIMATOLOGY IN NORTHERN ETHIOPIA: FIELD SITES AND
SAMPLING

Over 100 trees comprising 18 different species and many age groups were sampled at
two sites in the Simen Mountain National Park (SMNP). Sampling was also
undertaken at Taragadem forest near Addis Zemen and Menagesha forest near Addis
Ababa (see Fig. 2 for location}. The SMNP and Taragadem forest (Dry single-
dominant Afromontane) experience a strongly seasonal rainfall regime with a peak in
July and Menagesha forest (Undifferentiated Afromontane) experiences a longer
rainfall regime which also peaks in July. During sampling it was apparent that two
species possessed good ring structure (J. procera and E. capensis) and so sampling
was concentrated on these two species (whilst also trying to sample as many different
species as possible), Most samples were taken in the SMNP, detailed descriptions of
which are given in Hurni (1982) and details of the sampling programme are provided
in Conway et al. (1997).

Fig. 3 Juniperus procera, magnification x 5. Growth from left to right across plate.






