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Objectives of the Trip
My objectives for the trip were to investigate the possibility of using tree ring and other
proxy records, such as archaeological and geological, records in sustaining agricultural
wastewater re-use in Jordan. This work was performed for the Sustainable Development
of Drylands Project, Jordan Component, as implemented by the International Arid Lands
Consortium (IALC) and funded by the U.S. Agency for International Development
(USAID).
Program of the Trip
I made contacts and scheduled meetings with scientists from different universities and the
Ministry of Agriculture.
Sunday 14-12-2003
I met with Dr. Issa Al-Nsour, Director of Water Resources Monitoring at the Minister of
Water & Irrigation.
We discussed the availability of high quality continuous instrumental data (precipitation
and temperature) for Jordan. He informed me that the oldest precipitation records in their
data bank go back to 1937, while temperature records span 1965-present. During the
meeting, I requested a diskette copy of the instrumental data for the stations that had high
quality instrumental data since 1937-present.
Mr. M. Shahbaz (Director of the Badia Research and Development Programme) and I
met with Prof. Awni Taimeh, Secretary General for the Ministry of Agriculture. We
discussed the proxy records that I developed using tree ring growth. We also discussed
other proxy records, such as historical documentation, soil, and pollen analysis.
Monday 15-12-2003

I met with Mr. Baker Al Qudah, Director of Rangeland Department at the Ministry of
Agriculture. Our discussion concentrated on the importance of wastewater for
agricultural crops. We also talked about the importance of using proxy data in
understanding long term drought in Jordan.
I met with Dr. Abdel Nabi Fardous, Director General of National Center for Agriculture
Research and Technology Transfer (NCARTT). He introduced me to two projects that
his institute is involved with. The first one is the Agaba Water Reuse Pilot Project which
is supported by USAID (Appendix I). The second is the Water Reuse Pilot Project at the
Jordan University of Science and Technology which also is supported by USAID
(Appendix II). He also discussed the First Regional Water Reuse Conference held
December 7-9, 2003 at the Sheraton Hotel in Amman, Jordan. This conference was
implemented by NCARTT and supported by USAID and the Arab Fund for Economic
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and Social Development (AFESD) (Appendix III). We also discussed the importance of
proxy data in understanding climate variability over decades to centuries and the
importance of this information in understanding drought events and the influence of
prolonged drought on wastewater resources.
I met with Drs. Akrum Tamimi and Pete Waller to discuss the general objectives of my
trip to Jordan.
Tuesday 16-12-2003
I met with Dr. Issa Al-Nsour, Director of Water Resources Monitoring at the Minister of
Water & Irrigation regarding the climate data I had requested. He provided me with a
diskette copy of the instrumental data for the stations that had high quality instrumental
data since 1937-present. These records are available upon request.
I met with Dr. Talal Akasheh, Vice president, Development and Planning and the Dean
of Queen Rania’s Institute of Tourism and Heritage at the Hashemite University. In our
meeting we talked about the use of historical documents in confirming and augmenting
tree ring studies. He discussed his institute activities regarding wastewater issues
(Appendix IV). He also scheduled a meeting for me with the Dean of the Institute of
Land, Water, and Environment (ILWE) at the Hashmite University, Dr. Munir J.M.
Rusan.
I met with the dean of ILWE, Dr. Munir J.M. Rusan. The meeting was also attended by
all the faculty members from the Institute. He discussed the objectives of their program
and their role on solving environmental problems resulting from waste disposal centers
(Landfills) in Al-Ruusaifeh, Jordan.
Wednesday 17-12-2003
I met with Mr. Mohammad Samawi, Director of Applied Meteorology-Climate at the
Jordan Meteorological Department. He presented me with a copy of all the weather
stations that are available in their data bank and the time span of each station (Appendix
V).
I had dinner with Drs. Akrum Tamimi, Erin Addison, and Raed Al-Tabini and updated
them on my activities in Jordan.
Thursday 18-12-2003
I met with Dr. Nizar Abu-Jaber, Department Chairman and Associate Professor of Earth
and Environmental Sciences at the Yarmuk University. We discussed the role of paleoenvironmental and paleo-climatological reconstructions in understanding climate
variability over many centuries and how we can calibrate tree ring data as proxy records
with other proxy records, such as speleological and archaeological approaches.
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Friday 19-12-2003
I spent my time writing the outline of my report and preparing for my trip home.
Can we Use Proxy Data to Assist Agricultural Wastewater Re-Use Sustainability in
Jordan?
In Jordan, treated wastewater plays a critical role in supplying the agricultural sector
with water. The use of treated wastewater in agriculture can serve both the agricultural
sector’s needs for water and constitutes a sustainable way of disposing of wastewater.
The two sources for the wastewater in Jordan are ground water and surface water.
Careful planning and management of water resources in dry land regions requires
sufficient information on what series of extreme events, such as prolonged drought, to
anticipate. Long term drought in Jordan will greatly affect the availability of wastewater
because it simultaneously reduces the amount of available wastewater for agriculture and
increases the demand for scarce portable water. The availability of wastewater has a
direct connection to the IALC Sustainable Development of Drylands goal to foster
sustainable activities.
To understand drought, one must know the variability of an area’s climate on time scales
of decades to centuries. Touchan et al., 1999 (this research was and continues to be
supported by the US National Science Foundation), developed the first dendroclimatic
reconstruction in the Near East for southern Jordan, a 396-year-long reconstruction of
October-May precipitation based on two chronologies of Juniperus Phoenicia. We
identified the longest reconstructed drought, defined by consecutive years below a
threshold of 80% of the 1946-1995 mean observed October-May precipitation, as four
years. The longest drought recorded in the 1946-95 instrumental data is three years.
Based on the results of our reconstruction, 7 droughts of 3 or more years have occurred
during the past 400 years (Figure 1).
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Source Touchan Et al., 1999, Journal of American Water
Resources Association, Vol, 35 (1) 49-59 (Fig 4)

Figure 1: Annual values of the reconstruction for
Oct-May precipitation for the period from 1600-1995.

Monte Carlo analysis, designed to account for uncertainty in the reconstruction, indicates
a less than 50% chance that southern Jordan has experienced drought longer than five
years in the past 400 years (Figure 2).
This study indicates that tree ring reconstructions can provide a foundation for studying
past climate variability in southern Jordan. Understanding drought characteristics for
several centuries 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.
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Source Touchan Et al., 1999, Journal of American Water
Resources Association, Vol, 35 (1) 49-59 (Fig 6)

Figure 2. Median, 5th, and 95th percentiles of severity of most
severe n-year droughts in noise-added reconstructions, 16001995.

What Do We Propose?
In collaboration with Drs. Nizar Abu Jaber (Yarmuk University), Talal Akasheh
(Hashmite University), and Steve Leavitt (LTTR), we propose a three year study to
continue our investigation of long-term climate variability in Jordan. The first step is to
extend our tree-ring network in southern and northern Jordan. This will increase the
length of our existing southern Jordan reconstruction and develop new reconstruction, if
possible, for northern Jordan. The new reconstruction for northern Jordan will help us to
understand the drought characteristics in that region and how they co-vary with the
southern region. We will also compare the updated and new chronologies with those we
have developed from neighboring countries.
The second step is to examine the dendroclimatological data in conjunction with other
new approaches to the long-term study of climate variability. Our final goal is to
determine the extent to which these different approaches confirm, compliment, and
augment each other. These approaches are:

7

A. Isotopic Analysis of Ancient Paleo-Plant Matter
Vegetation assemblages are tightly linked to climate, and shifting climate contributes to
changes in the optimal floral associations. It is possible to obtain plant samples which
might be useful in verifying inferences from tree rings, by several means that might be
applicable in Jordan: 1. Herbarium collections of plant matter around the world often go
back up to 200 years. Stable-carbon and stable-oxygen isotope analysis on small samples
of such plant matter can provide information about environmental conditions (eg,
moisture stress) at the time the plants were growing. Additionally, because the date of
collection is usually recorded, this method is chronologically precise. 2. Certain
mammalian fauna (eg, packrats in N. America, and hyrax species in Africa and Middle
East) build their nests (middens) with locally available plant fragments. If the middens
can be radiocarbon dated, the preserved macrofossils represent a record of the vegetation
assemblage at that place and time (and isotopes can be measured as above). The dating
is not as precise as tree rings or herbarium specimens. Some packrat midden analysis
has been conducted near Petra, both on pollen and macrofossils. The sediment in caves
near Petra may also contain pollen records. 3. Floods deposit plant material in addition to
sediments. If macrofossils are among the plant matter deposited, they can provide
evidence of vegetation assemblages (and climate) and can be dated by radiocarbon.
B. Speleological Analysis
Speleological analysis of stalactites and stalagmites from large caves can also provide
information on past climate variability. These formations precipitate mostly calcium
carbonate deposits which, like tree rings, form in layers. Unlike tree rings, these layers
are not necessarily annual and thus dating is a problem.
As a proxy, stalactites and stalagmites are useful because the stable isotopic composition
of oxygen in their structure is largely a function of climate, because rain water
composition varies with changing climate. Another, possibly more important factor, is
that fractionation between water and the calcium carbonate precipitate is temperature
dependent. Thus, studies in the Soreq cave near Jerusalem have provided important
insight into climate variation in that area. Here, researchers have used the uranium
disequilibrium technique to date changes in climate indicators through time.
In northern Jordan, preliminary studies at the Burghs cave are under way. This cave is
large and contains significant deposits of stalactites and stalagmites. Until now, it is
difficult to estimate how far back these deposits go, and thus how far back climatic
inferences can be made.
C. Archaeological Analysis
Jordan contains large numbers of archeological sites spanning the last 7-8000 years and
covering most areas of the country. Within these sites, information on lifestyle, crops
and disease can be obtained from artifacts, food remains and bones. Moreover, gradual
burial of these sites means that natural proxies (such as pollen) are preserved in the
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sediments which envelop these sites. Therefore, there is a potentially very rich source of
paleo-climatic information in these sites.
Conclusion
Tree ring reconstructions and other proxy data are valuable tools for studying past
climate variability over many centuries. Proxy climate records will provide water
resource managers with sufficient information on what series of extreme events to
anticipate, such as prolonged drought. An increased frequency of drought in Jordan
would have a great impact on the quantity of wastewater. Reduced wastewater
availability constrains agricultural development and prohibits planned agricultural
expansion and at the same time increases the demand on the scarce portable water.
Finally, proxy climate records can be used by other researchers to answer the
following questions:
1. What is the relative balance of surface to groundwater as input to each wastewater
plant where there are re-use projects?
2. What are the effects of drought on the relative balance of surface to groundwater?
3. How is wastewater flow affected by this balance?
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APPENDIX I
NCARTT operates according to special By-law as a semiautonomous institution with
administrations and financial independence. It consists of a main headquarter located at
Al-Hussein, the Agricultural Experiment Station at Baqa'a and six Regional Centers in
Deir Alla, Ramtha, Khaldieh, Mushaqar, Rabba, and Shoubak. It operates 12 research
stations representing different agro-ecological conditions in Jordan. It is mandated to
conduct and/or coordinate applied agricultural research and transfer of
technological activities at the national level in collaboration with public and private
agricultural stations. It's mandate also provides for identification, testing, transfer and
adoption of improved technologies. NCARTT implements research and transfer of
technology activities through different programs. These programs are: Rained and
Irrigated Agriculture, Integrated Livestock, Water Management and Environment, and
Genetic Resources and Low Rainfall Areas.
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APPENDIX I (continued)
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APPENDIX II
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APPENDIX II (continued)
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APPENDIX III
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APPENDIX IV
The Hashmite University is located in the city of Al-Zarqa, Jordan. It was established on
June 19, 1991 as the fifth official public university.
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APPENDIX IV (continued)
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APPENDIX V
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APPENDIX V (continued)
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