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Introduction

The people of Egypt and the Northern Sudan strongly depend on the waters of the River Nile
for irrigation and electric power. Therefore, to fight poverty in this region, an adequate water
resources management is essential. This requires longer reliable discharge records (Sutcliffe
& Lazenby 1994).

The amount and variability in Main Nile River discharge at Aswan is mainly controlled by
water availability in Northwest Ethiopia through its most important tributary the Blue Nile
River (Said 1993). On a smaller spatial scale this water availability controls tree growth.
Although seasonality in temperature is negligible in Ethiopia, certain tree species produce
yearly rings, such as Juniperus procera Endl. and Prunus africana (Hook f.) Kalkman.
Besides tree growth, ring definition and isotopic signature strongly depend on moisture
availability and seasonality therein (Conway et al. 1998, Couralet et al. 2005, Krishnamurthy
& Epstein 1985). These observations suggest the possibility to reconstruct River Nile
discharge from growth rings of trees growing in Ethiopia.

This paper presents a preliminary study to cross-date Juniperus procera and Prunus africana
trees from Northwest Ethiopia and to explore the water stress signal contained in them as a
proxy for river discharge. Weak ring definition, asymmetrical growth, scarceness of previous
research in this area and scarceness of the trees themselves — and hence the ethics of
sampling many trees — provide a challenge for dendroclimatology that cannot be dealt with in
standard ways. What is presented is not intended as a hard conclusion, but rather as a soft
discussion to explore opportunities to divert from the standard method of cross-dating,
chronology building and environmental signal interpretation as described by Fritts (1976) and
Cook and Kairiukstis (1990).

Materials

Stem discs from three young trees, two Juniperus procera and one Prunus africana, growing
at different sites near Mekane Selame (10°35’N, 38°45’E), 30 km east of the Blue Nile River,
Ethiopia, were studied. Completely concentric rings were scarce on both Juniperus samples,
but more dominant on the Prunus sample. However, most rings could be measured along
one carefully selected radius. Cross-dating of these trees was difficult due to weak ring



definition (see e.g. figure 1), the lack of a chronology from the Blue Nile basin and the small
number of samples available.

Figure 1: Weak (left) and relatively strong (right) ring definition in Prunus africana. Growth is from left
to right. Ring boundaries are indicated. Magnification is 10x and scale bars are 100 um.

Methods
Evaluation of conventional cross-dating and dendroclimatology

Fritts (1976:21) stated that ‘cross-dating is possible because the same or similar
environmental conditions have limited the ring widths in large numbers of trees, and the year-
to-year fluctuations in limiting environmental factors that are similar throughout a region
produce synchronous variations in ring structure.” In other words, cross-dating is based on
the assumption that there is a large-scale external factor which controls the high-frequency
variability in tree-ring width. Hence, it is not only possible on ring widths, but on all time
series which can be assumed to be controlled by such a factor.

By convention, cross-dating is conducted without explicitly using information about the nature
of the external factor. The ring width series are just matched up, but determining the best
match is quite subjective (Baillie 1995, Grissino-Mayer 2001, Pilcher 1990, Wigley et al.
1987). After cross-dating, the ring width series are detrended and standardized and a
chronology is calculated expressing some kind of central tendency thought to represent the
common signal (Cook et al. 1990). In dendroclimatology attempts are made to interpret the
common signal in terms of climatic variables and, if possible, ring widths are calibrated
against those (Fritts 1976, Fritts et al. 1990).

In science-philosophical terms, the assumption underlying cross-dating is not tested, though
there are numerous cases that samples are not cross-datable, but those are just ‘laid aside
as unsuitable for dendrochronological work’ (Fritts 1976:21). Combined with the subjectivity
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of judging a match, cross-dating cannot be regarded as an objective practice. However,
although it clearly does not comply to Popper’s falsificationism (Popper 1980), cross-dating
has proven to be a very valuable tool in dendrochronology. Besides, after all the underlying
assumption is tested by applying instead of falsifying it, otherwise Fritts (1976) would not lay
samples aside. Feyerabend’s critic to the ‘Popperian Church’ and the abstract concept of
objectivity (Feyerabend 1993) seems to make sense in dendrochronology.

Nevertheless, inferences about the nature of the common signal are generally treated as
hypothesises to be tested independently against climate data. In fact, this independence is
an illusion, as cross-dating is based on the assumption that there is a common signal and
enhances it. So, if the assumption is right, there is as a matter of course a correlation
between the chronology and some climate data or another large-scale external factor,
whereas if the assumption is not right, the cross-date is definitely wrong. Yet, this pseudo-
independent hypothesis testing has also proven valuable and strongly diverging from it may
enlarge circular reasoning beyond the limit of touching the empirical reality. However, some
aspects of the process can be changed.

A new approach

This study changes the order within the procedure of cross-dating, chronology building and
environmental signal interpretation, to improve cross-dating and to avoid comparing a
chronology distorted by misdated series to climate data. The process can be described as a
multi-proxy approach to cross-dating.

Five sources of information are used or proposed to use: ring width series, wood anatomy,
historical and modern river discharge records, historical (written documentary and oral
legendary) accounts on famines and stable isotopes. Initially an attempt is made to match up
the ring width series on the basis of mutual synchrony and wood anatomical properties.
Wood anatomy is an important feature, as it contains information about potentially missing or
false rings.

The ring width series are then compared individually to Blue Nile River discharge to test
independently the hypothesis that ring width and discharge are associated. If this hypothesis
is rejected, it is hypothesised that the causality that leads to association between ring width
and discharge exists, but is obscured by misdating of the ring width series. This improved
hypothesis is tested by searching for a cross-date which is confirmed by mutual synchrony,
wood anatomy, river discharge and historical accounts on famines. If such a non-
contradicted cross-date can be found, the improved hypothesis is accepted and the ring
width series is adjusted accordingly. If not, the improved hypothesis is rejected and the
sample is in a Frittsian (1976) way ‘laid aside’.

The final stage would be checking and if necessary adjusting the cross-date by
synchronising stable isotope series, which theoretically contain a stronger common signal
and should therefore cross-date better. However, stable isotope series are not yet available.
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After this combined cross-dating and environmental signal interpretation a chronology can be
calculated from the different ring width series, which as a matter of course correlates with
Blue Nile River discharge.

This multi-proxy approach to cross-dating diverges from the conventional method in a
number of aspects. Wood anatomical properties are highly used during matching-up. Ring
width series are individually tested against climate data. Rejected hypothesises are
interpreted as possibly caused by misdating, which is tested using mutual synchrony of the
ring width series, wood anatomy and historical accounts on famines. Finally, stable isotopes
are proposed to be used as a cross-datable proxy to improve the original cross-date. Thus,
inferences about the nature of the common signal are still treated as hypothesises tested
independently against climate data, but this testing takes place earlier and misdating is
explicitly treated as a potential cause of hypothesis rejection.

Results

Initial matching-up of the ring width series using wood anatomical properties was relatively
straightforward. The first Juniperus procera series (JP1) needed no adjustments at all. The
Prunus africana (PA) series needed re-measurement of the period 2003-2005 to include two
partial rings (see figure 2A and table 1). The second Juniperus procera (JP2) series needed
merging of four rings in 2004 as density variations were assumed intra-annual and re-
measurement of the period 1970-1971 to include a ring which seemed an intra-annual
density variation at first measurement (see figure 2A and table 1).

Table 1: Wood anatomical features supporting the adjustments made to the original ring width series
and correlations (r) between the series and annual Blue Nile River discharge for the initial and final
cross-date. The master series is a weighted mean after log-transforming and equalising mean and
standard deviation of the raw ring width series, the weights being the correlation coefficients between
the standardized series and Blue Nile River discharge.

Tree  Year(s) Wood anatomical feature r (initial) r (final)

JP1 1994-1997 Density variations 0.13 0.33
1972 Very small partial ring

JP2 2004 Density variations 0.01 0.16

1996-1998 Density variations
1969-1971 Density variations

PA 2003-2005 Partial rings 0.24 0.34
1995-1997 Unclear ring boundaries

1972 Unclear ring boundaries
Master series 0.27 0.47
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Figure 2: Graphs showing the ring width series of the initial (A) and final (B) cross-date and annual
Blue Nile River discharge (measured at Roseires and, after construction of the Roseires Dam, at El
Deim, Ethiopian-Sudanese border). Re-measured and inserted missing rings are indicated. The wood
anatomical evidence supporting these adjustments is summarized in table 1.

Comparison of the initially cross-dated series with Blue Nile River discharge suggested that
there were some shifts in the ring width series (see figure 2A). Therefore, the original
hypothesis — ring width and discharge are associated — was rejected, and the improved
hypothesis — the association is obscured by misdating of the ring width series — was
examined.

Two rings seemed to be missing in the 1990s. The anatomical properties of the samples
suggested in all three cases that these rings could exist but were originally not measured due
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to weak ring definition (see table 1). Further, one ring seemed to be missing in the extremely
dry year 1972. According to historical accounts, this was a year of extreme drought and
famine in Ethiopia, known as Wollo drought, which was one of the causes of the communist
revolution and subsequent fall of the monarchy in 1974. On JP1 this ring was found as a very
small partial ring, whereas on PA it could be masked by unclear ring boundaries (see table
1). JP2 did not contain any evidence to justify inserting a missing ring in 1972, but a density
variation was present in 1970 (see table 1). Hence, the improved hypothesis could not be
rejected: probably the tree rings contain a water stress signal which is however obscured by
errors in the initial cross-date.

Therefore, the initial cross-date was adjusted to comply with all available evidence. The final
cross-date is presented in figure 2B. Correlation coefficients between each series and the
initial and final cross-date are given in table 1.

Discussion

The ease with which the ring width series were matched-up without referring to river
discharge clearly suggests the existence of a common signal. The wood anatomical and
historical support for the final cross-date and the high degree of synchrony between the final
cross-date and Blue Nile River discharge support the idea that this common signal is water-
stress related. Therefore, the original hypothesis of this paper and the cross-dating strategy
seem to hold.

An important question to ask is however to what degree this approach is circular. Does this
approach really test the existence of a water-stress signal in the ring widths?

The moment of testing is as described in the methods section shifted to before chronology
building. Hence, it is not the common signal that is compared with climate data, but the
individual signals. Those are heavily influenced by other factors than climate alone. However,
the practice of initial cross-dating assumes a common signal and enhances it, so by effect
the initially cross-dated individual series do already represent a common signal, especially in
the high-frequency domain.

After rejecting the original hypothesis, the improved hypothesis is tested by partly using the
same data. This is a practice which is very common in dendroclimatology (and science in
general), e.g. during cross-dating and interpretation of the common signal, as in both cases
hypotheses are constantly being tested and rewritten within a certain dataset. It reflects the
ambiguity of the data, in this study especially of the wood anatomy, and hence supports the
generalization as representing the empirical reality rather than as fitting to a certain approach
in hypothesis testing.

Further, no claims are made about the synchrony between ring width and discharge alone.
Only the high degree of it after justifiable adjustments is treated as a justification to adjust the
ring width series and to express the conjecture, not the claim, that probably the tree rings
contain a water stress signal which is however obscured by errors in the initial cross-date. In
other words, although there are some testing stages, the approach as a whole does not test
the existence of a climate signal in the ring width series, but rather pieces together bits of
evidence to express a conjecture. In that sense, the approach is weakly circular, however not
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to such a degree that the results are complete nonsense. In fact, it is close to the way
archaeologists and historians tend to work. Besides, conventional dendroclimatology itself is
not completely free from circular reasoning (see evaluation of it above). Using common
sense, when three samples do cross-date, but on comparison with climate data seem to be
shifted exactly in years which either show problematic ring definition or experienced extreme
drought, claiming to have found no climate signal would be nonsensical.

The essential weakness of the approach is that in testing the improved hypothesis other
potential causes for rejection of the original hypothesis are ignored. Acceptation of the
improved hypothesis — such as in this study — does not necessarily imply that it is right.
Therefore, it is better to say the study failed to reject the improved hypothesis.

In standard dendroclimatology cross-dating is treated as a technique, whereas environmental
signal interpretation is treated as a test of hypothesises. This is a justifiable approach if trees
are easily cross-datable and environmental signal interpretation is not straightforward, i.e., in
the temperate regions. In the case of Northwest Ethiopia the opposite appears to occur.
Cross-dating is excessively difficult, whereas environmental signal interpretation is relatively
straightforward (Conway et al. 1998, Couralet et al. 2005, Krishnamurthy and Epstein 1985).
Therefore the presented approach, which treats the initial cross-date as more hypothetical
and the environmental signal as more probable than the conventional approach, fits this
specific case.

The most important benefits of the approach are that it prevents comparing an internally
misdated chronology with climate data and helps identifying weakly defined ring boundaries.
This is especially important in the (sub)tropics. Nevertheless, adjustments after comparison
of ring width series and climate data should be made with great caution and preferably in
explorative studies only. It is strongly recommended that final studies rely on enough
replication to make such adjustments unnecessary.

Conclusion

From the acquired evidence and following an unorthodox approach there appears to be a
basis for reconstructing River Nile discharge from Juniperus procera and Prunus africana
tree rings from the Ethiopian section of the Blue Nile basin. This paper discusses ‘standard
dendroclimatology’ in an attempt to create new opportunities for tree species which are
difficult to cross-date. Regarding the discussing nature, this paper does not have any higher
claims than the ambiguity that is presented.
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