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ROLE OF DENDROCLIMATOLOGY IN WATER SUSTAINABILITY IN SEMI -ARID REGIONS

Ramzi Touchan' and David M. Meko'

Society faces many challenges, few of them more
complex than the need to conserve natural resources at the
same time as providing the benefits of economic
development to all sectors of the population. This
challenge is particularly severe in dry lands, where the
resource limitations come not merely from a shortage of
water, but from the high variability of precipitation in
space and time in such regions, and hence chronic
uncertainty for those using climate -related resources.

Water resources are a critical factor in arid and semi -arid
regions. Water is always in critical balance with arid
ecosystems. This balance is upset by dense populations
of people and their livestock in many countries. Brooks
et al. (1986), state that one -third of the land surface of the
earth is dry. Over half of the dry area is inhabited by 630
million people. The remainder is climatically so arid and
unproductive that it cannot support human life. The
increasing pressure of human activities in dry regions in
Asia, Africa, and America may cause the degradation of
land and water resources.

In the Near East the population is growing rapidly, now
surpassing 200 million, and competes for shrinking water
resources for agricultural development. Nations like
Jordan and Israel are swiftly approaching the point where
they will exhaust all the water resources available to
them. In North Africa the drought encompasses much of
region with the exception of Tunisia. Farmers in Algeria
and Morocco are desperately demanding help, while
governments are steeling themselves to bump up imports
to feed the population. "The government must take urgent
measures to help over 2.5 million farmers be ready for the
next season. We have got drought, and most of our people
are pessimistic about the future," National Union of
Algerian Farmers' president Mohamed Alioui told
Reuters. In Morocco the harvest has slumped by 57
percent to 3.6 million tones. This has resulted in a 33
percent rise in import needs for the June 2005 -May 2006
business year to 4.9 million tones -- 2.3 million tones of it
as soft wheat used mainly in bread making
( http:// www. planetark. com/dailynewsstory.cfm/newsid/31
657 /story.htm).

Water is the critical limiting factor for agricultural
production in much of the American southwest. Shared
water resources are the lifeblood of the region. In south -
central Colorado, New Mexico, and parts of Texas, the
quantity and quality of water derived from the Rio Grande
River Basin (RGRB) will constrain agricultural
development and plans for future expansion. The Rio
Grande River system, with its headwaters located in south

central Colorado, encompasses 867 646 square
kilometers. Annual flows are highly variable. For
example, water -year totals for the 104 -year Rio Grande
near Lobatos gaging station near the Colorado/New
Mexico border range from 497 093 cubic meters (1977)
to 11,681073 cubic meters (1907). The recent drought
placed a tremendous strain on the Rio Grande water
supply and had far -reaching impacts. The water -year for
2002 was the second lowest on record (572, 335 cubic
meter) and Elephant Butte Reservoir, the largest reservoir
on the Rio Grande, was at 7.5% of its capacity at the end
oí2003 (http: / /www.emnrd .state.nm.us/nmparks /PAGES/
PARKS/BUTTE/BUTTE.HTM).

In the Colorado part of the basin, 85% of all water is
used for irrigated agriculture and in the Middle Rio
Grande Valley of New Mexico (from Cochiti Reservoir to
Elephant Butte Reservoir) nearly 90% is used for

agriculture ( Niemi and McGuckin 1997). The great
dependency on this limited water supply, coupled with the
high degree of flow variability, including severe droughts,
presents challenges to water management. These
challenges have increased with changes in water demand
related to expanding populations (New Mexico's
population doubled in the last 40 years) and
considerations such as in -stream requirements for
endangered species.

Efficient use of this limited water resource will require
better and more effective planning processes to implement
the long -term management actions and other interventions
strategies necessary to achieve sustainability. Planning
for this long -term use is fraught with risks and
uncertainties of what the future water supplies might be.
Planning is currently constrained by climate data, such as
precipitation, temperature, and streamflow records that in
the best case only exist for slightly more than 100 years in
many regions and 70 years in North Africa. These
records are not long enough to determine the climate
variability over several centuries.

Instrumental records can be extended back several
centuries using proxy data from sources such as tree
rings. These proxy records can provide knowledge of the
past frequency and severity of climatic anomalies which
may be used to help anticipate the probability of such
events in the future. Long time series of tree -ring growth
records are one of the best sources of proxy data for
reconstructing past records of precipitation, streamflow,
and drought on interannual to centennial time scales
(Touchan et al., 2008; Meko et al., 2001).

Few dendrochronological studies have been performed
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in North Africa, with the exception of Morocco. Morocco
has a rich history of dendroclimatic research going back
nearly 40 years (e.g. Helleputte, 1976; Munaut, 1978;
Berger et al., 1979; De Corte, 1979; Till, 1987; Till and
Guiot, 1990; Stockton, 1985; Meko, 1985; Chbouki et al.,
1995; Glueck and Stockton, 2001; Esper et al., 2007).
Dendrochronological studies have also been carried out

in Algeria (Messaoudene, 1989; Messaoudene and
Tessier, 1997; and Safar et al., 1992) and Tunisia (Serre-
Bachet, 1969; Aloui, 1982 ; Aloui and Serre- Bachet,
1987; Tessier et al., 1994), but previous studies in Tunisia
and Algeria were restricted to analysis of the relationship
between annual tree -growth and climate. Touchan et al.
(2008 a and b) published the first two dendroclimatic
reconstructions for Algeria and Tunisia.

Tree -rings studies have successfully reconstructed
historical streamflow regimes for a number of river basins
in United States (Stockton and Jacoby, 1976; Smith and
Stockton, 1981; Meko et al., 1995, 2001; Woodhouse,
2003; Graumlich et al., 2003). One of the best known is
Stockton and Jacoby's (1976) 500 year long

reconstruction of annual streamflow for the upper
Colorado River. The study showed that the Colorado
River Compact of 1922 was based on short historical flow
records that were much higher than the reconstructed 500
year average. This resulted in severe water resource over -
allocation. The Lees Ferry reconstruction subsequently
formed the basis for a set of studies which examined the
impacts of a severe sustained drought in this basin (Young
1995 and references within).

In this paper we describe how dendroclimatology has
contributed to the understanding of drought recurrence in
two widely separate semi -arid regions in the Northern
Hemisphere. The first is Algeria and Tunisia in North
Africa and the other is the Upper Colorado River Basin in
the western United States. .

A. PRACTICAL EXAMPLE FROM NORTH
AFRICA (Touchan et al., 2008)

This study represents the first large scale systematic
tree -ring sampling from Algeria and Tunisia, and focuses
on developing a climate- sensitive chronology from 13
Cedrus atlantica and Pinus halepensis sites (Figure 1).
The length of the chronology is 859 years (AD 1148-
2006). The chronology is based on a total of 220 trees,
with a mean sample segment length of 203 years.

Touchan et al (2008) discussed the first Palmer Drought
Index (PDSI) reconstruction for Algeria and Tunisia. This
May -August PDSI reconstruction, which covers the
period AD 1456 -2002, has high accuracy and good skill
of verification as measured by statistics for the period
1920 -2002. The reconstruction shows drought variability
on both interannual and interdecadal time scales. Key

features of the reconstruction reveal the magnitude of pre -
instrumental droughts from the historic record.
Remarkably, the most recent drought (1999 -2002) appears
to be the worst since at least the middle of the 15th
century.

B. PRACTICAL EXAMPLE FROM
SOUTHWESTERN UNITED STATES

In the past it has been unusual for studies and
management plans of water and other natural resources to
make use of tree rings as a tool for reconstructing long-
term means and variability in precipitation and
streamflow. One of the most outstanding examples of a
problem where the lack of historical information caused
severe water resource over -allocation is the case of the
Colorado River Water Compact in the southwestern
United States. Around 1922, when tree -ring studies were
very limited, planners for the Colorado River Basin met to
agree on the distribution of rights to the water coming
down the Colorado River. The 2,667 - kilometer river
flows through some of the most arid lands in North
America, including parts of seven states in the US: and a
small portion of two states in Mexico. From existing
instrumental records, planners estimated that the Colorado
River had an average annual flow of 19,985 billion cubic
meters. This estimate was based on the 17 years of
precipitation and streamflow data that was available
(1906 to 1922). In 1976 at the Laboratory of Tree -Ring
Research of the University of Arizona, Stockton and
Jacoby (1976) reconstructed the flow of the Colorado
River back to A.D. 1564 (450 years) using time series
derived from tree -ring studies. Their reconstruction
indicated that the period from 1906 to 1930 was the
longest period of sustained high streamflow during the
past 450 years. Subsequent tree -ring studies in the
Colorado Basin have corroborated the results of Stockton
and Jacoby (1976) with tree -ring networks of increased
site density and sample length (Woodhouse et al. 2006,
Meko et al. 2007). The short period of the instrumentaI
record was simply not representative of the long -term
flow of the river. Therefore, the allocation of water
among the US. states and Mexico was based on an
anomalously high value which resulted in shortages when
all of the entities involved demanded their share of the
available water.

OUTCOME OF RESEARCH EFFORTS
Dendroclimatic reconstructions provide essential

information concerning hydroclimatic variability in both
regions. The placement of modern drought characteristics
in the context of several centuries of climate variability
will help natural resource managers apply low risk and
long -term plans to conserve and sustain water and other



natural resources that are the foundations of social,
political, and economic systems in the region. The
information from the reconstruction will also provide an
additional dimension in the study of environmental
history and its relationship to human social and

population dynamics.
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Figure 1.Locations of tree -ring sites ( +). Solid box
represents the range of the gridded PDSI data.

The improved planning facilitated by the results of these
research efforts will benefit an array of stakeholders at
varying economic levels of the agricultural production
and marketing cycle in this dryland region. The

additional information on long -term hydroclimatic
variability will provide a basis for planning and decision -
making than can take into account a broad range of
hydroclimatic variability not contained in the temporally
limited instrumental records. More specifically, and
perhaps most importantly, local agriculturalists must have
reliable estimates of the availability of water of specified
levels of allocation.
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