
   

Springer Theses
Recognizing Outstanding Ph.D. Research

Soil Erosion and 
Sediment Flux in 
Northern Jordan
Analysis, Quantification and the 
Respective Qualitative Impacts 
on a Reservoir Using a Multiple 
Response Approach

Sabine Kraushaar



Springer Theses

Recognizing Outstanding Ph.D. Research



Aims and Scope

The series “Springer Theses” brings together a selection of the very best Ph.D.
theses from around the world and across the physical sciences. Nominated and
endorsed by two recognized specialists, each published volume has been selected
for its scientific excellence and the high impact of its contents for the pertinent field
of research. For greater accessibility to non-specialists, the published versions
include an extended introduction, as well as a foreword by the student’s supervisor
explaining the special relevance of the work for the field. As a whole, the series will
provide a valuable resource both for newcomers to the research fields described,
and for other scientists seeking detailed background information on special
questions. Finally, it provides an accredited documentation of the valuable
contributions made by today’s younger generation of scientists.

Theses are accepted into the series by invited nomination only
and must fulfill all of the following criteria

• They must be written in good English.
• The topic should fall within the confines of Chemistry, Physics, Earth Sciences,

Engineering and related interdisciplinary fields such as Materials, Nanoscience,
Chemical Engineering, Complex Systems and Biophysics.

• The work reported in the thesis must represent a significant scientific advance.
• If the thesis includes previously published material, permission to reproduce this

must be gained from the respective copyright holder.
• They must have been examined and passed during the 12 months prior to

nomination.
• Each thesis should include a foreword by the supervisor outlining the signifi-

cance of its content.
• The theses should have a clearly defined structure including an introduction

accessible to scientists not expert in that particular field.

More information about this series at http://www.springer.com/series/8790

http://www.springer.com/series/8790


Sabine Kraushaar

Soil Erosion and Sediment
Flux in Northern Jordan
Analysis, Quantification and the Respective
Qualitative Impacts on a Reservoir
Using a Multiple Response Approach

Doctoral Thesis accepted by
the Martin Luther University Halle-Wittenberg,
Halle, Germany

123



Author
Dr. Sabine Kraushaar
Department of Geography and Regional
Research

University of Vienna
Vienna
Austria

Supervisor
Prof. Hans-Jörg Vogel
Martin Luther University Halle-Wittenberg
Halle
Germany

The original title of this Thesis is ‘Analysis and Quantification of Soil Erosion, Sediment
Flux and the Respective Qualitative Impacts on a Reservoir in Northern Jordan Using a
Multiple Response Approach’.

ISSN 2190-5053 ISSN 2190-5061 (electronic)
Springer Theses
ISBN 978-3-319-31886-8 ISBN 978-3-319-31888-2 (eBook)
DOI 10.1007/978-3-319-31888-2

Library of Congress Control Number: 2016935606

© Springer International Publishing Switzerland 2016
All Rights Reserved for Sections 3.1, 3.2 and Chapter 5
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, express or implied, with respect to the material contained herein or
for any errors or omissions that may have been made.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer International Publishing AG Switzerland



Parts of this research have been published in the following journals:

Kraushaar, S., Schumann, T., Ollesch, G., Schubert, M., Vogel, H.-J., Siebert, C.,
2015. Sediment fingerprinting in northern Jordan: element-specific correction
factors in a carbonatic setting. Journal of Soils and Sediments 15:2155–2173.
DOI 10.1007/s11368-015-1179-2.

Kraushaar, S., Ollesch, G., Siebert, C., Vogel, H.-J., Fuchs, M., 2015. Long-term
sediment export estimates from Northern Jordan using Roman cisterns as sediment
traps. Geoarchaeology 30:369–378. DOI 10.1002/gea.21517.

Kraushaar, S., Herrmann, N., Ollesch, G., Siebert, C., Vogel, H.-J., 2014. Mound
measurements—quantifying medium-term soil erosion under olive trees in Northern
Jordan. Geomorphology 213:1–12. DOI 10.1016/j.geomorph.2013.12.021.

http://dx.doi.org/10.1007/s11368-015-1179-2
http://dx.doi.org/10.1002/gea.21517
http://dx.doi.org/10.1016/j.geomorph.2013.12.021


To those who inspired, payed, critized,
supported and will read it. Thank you!



Supervisor’s Foreword

The present study focuses on erosion and sediment transport within a catchment
Wadi Al-Arab in Northern Jordan—a country ranked as the fourth water-scarce in
the world. Besides the loss of soil, erosion leads to an increased sedimentation and
pollution of the Wadi Al-Arab water reservoir. The aim of an integrated water
management is therefore to improve water infiltration at the soil surface to increase
recharge of groundwater resources, and, in turn, to decrease run-off and the
transport of sediment loads to surface waters. A fundamental prerequisite to reach
these goals is to better understand the mechanisms and local conditions responsible
for erosion. This work provides substantial new insight based on a thorough geo-
morphological study and will be in the position to enhance water availability and
quality in a water- and data-scarce country.

The work comprises the identification of the relevant sediment sources
throughout the Wadi Al-Arab, the quantification of the erosion processes and an
estimation of sediment transport and connectivity to the final sink—the Wadi
Al-Arab reservoir. Geochemical analyses of the soil materials in the source regions
together with those in the sediments of the reservoir were used in a multiple
sediment fingerprinting to calculate the contribution of the various sources. This
also provided a substantial understanding of many natural abundant heavy metals
and sediment-bound anthropogenic pollutants, such as hexazinone, trifluralin and
tNP fertilizer. The results were used to calibrate and validate the SedNet model to
obtain a spatial understanding of the processes and to identify hot spot areas.
In combination with detailed geomorphological analysis a multiple response
approach of different complementary methods was established internalizing the
potential of one method validating or falsifying results from another. This led to a
consistent interpretation of the ongoing processes.

Overall, this work met the exceptional challenge to identify sediment sources
and quantify hydro-morphological processes in a relatively big catchment area of
heterogeneous geology, topography and land use. All this was done in the limited
time frame of a research project and without support of any pre-existing data. The
skillful collection of erosion values in different time- and spatial scales,
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geochemical properties, and the analysis of sediment connectivity and spatial
modelling resulted in an extensive field data set that allowed a thorough under-
standing of the relevant sediment transport processes. This provides valuable
information for policy-makers and resource authorities to prioritize areas suitable
for mitigation strategies with respect to erosion and to select possible locations for
in-channel constructions to support ground water recharge. I hope this work will
stimulate more creative research within regions that are not only scarce in water but
also scarce in available data.

Halle, Germany Prof. Hans-Jörg Vogel
February 2016
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Chapter 1
Introduction

1.1 Background and Framework of the Thesis:
The Smart—Project

Jordan is one of the water scarcest countries in the world with the Lower Jordan
River Basin constituting an overexploited closed river basin (MWI and GTZ 2004;
Venot et al. 2006; Wolf et al. 2007; Hötzl 2004; Hötzl et al. 2009). The physical
water scarcity is prompted by an increasing water demand, due to the constantly
growing population (3.86 % estimated for 2014, CIA 2014; UNEP 2005). Over the
past 20 years the population has doubled, mainly due to refugees from Iraq,
Palestine, and Syria which currently make up 34 % of Jordan’s population (CIA
2014). The lack of water-related infrastructure and water management has led to an
additional qualitative water problem due to leaking septic tanks, lack of waste water
treatment facilities, effluents from industry, and diffusive agricultural-related inputs
(Abu-Sharar 2006; Ghrefrat and Yusuf 2006), as well as contaminated leachate
from landfills (Abu-Rukah and Kofahi 2001) or geologically driven through the
dissolution of evaporites (Salameh 2001).

In regard to the worsening situation on site and the millennium development
goals (UN resolution 58/217, 2000), Jordan aspires to achieve an Integrated Water
Resources Management (IWRM). IWRM describes a process which promotes “the
coordinated development and management of water, land, and related resources, in
order to maximize the resultant economic and social welfare in an equitable manner
without compromising the sustainability of vital ecosystems.” (Global Water
Partnership 2000).

This implies that suitable strategies, concepts, measures, and technologies are
developed especially for a Mediterranean to arid region that result in the opti-
mization of sustainable usage of water resources, despite conceivable climate and
land use changes (Geyer and Möller 2011). A consortium of scientists, companies,
and authorities of all neighbouring countries to the Jordan River—namely Palestine,
Israel, and Jordan plus Germany—set up a research project to deal with this question.
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This SMART II Project (= Sustainable Management of Available Water Resources
with Innovative Technologies) aims to develop a transferable approach for IWRM in
regions of water shortage. The SMART project has been sponsored since 2006 by

Fig. 1.1 SMART project area—the lower Jordan valley (www.iwrm-smart2.org)

2 1 Introduction

http://www.iwrm-smart2.org

