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Preface

Climate change is and will continue to be one of the central issues in the world’s
agenda. The 16th Conference of Parties (COP-15) of the UN Framework Con-
vention on Climate Change held in Cancun, Mexico, in December 2010 has
reiterated how much still needs to be done in order to tackle the various challenges
climate change and its various ramifications pose to mankind.

This book, prepared as a follow-up to the third online climate conference
CLIMATE 2010/KLIMA 2010, held on 1-7 November 2010, focuses on Climate
Change and the Sustainable Management of Water Resources. There are two key
arguments for the choice of this particular topic:

e First, it is widely believed that climate change has a serious impact on global
water supplies and may worsen water scarcity—a problem which threatens a
large part of the world already today. Under present conditions, approximately
1.2 billion people—especially in developing countries—have no access to
drinking water. In order to address this problem, the United Nations has set the
goal of increasing access to a further 600 million people by 2015, i.e. better
access to drinking water for around 100 million people per year between 2010
and 2015.

e Second, there is a pressing need to use the presently available water resources,
which are very scarce in some areas, more sustainably. Even though in parts of
Africa, Latin America and the Middle East water resources are already scarce,
the proportion of water wasted partly to leaks but also due to the lack of
adequate systems to retain, recycle and reuse water is considerably high. Urgent
action is needed to address this issue to keep up the UN targets.

The thematic focus of this book, which is also prepared in the context of the
Interreg IVB (North Sea) project North Sea Skills Integration and New Technol-
ogies (SKINT), will allow in-depth discussions and support the search for global
and regional solutions for the impacts climate change has on water supplies and
will address the need to promote sustainable water use across the world.

Part I contains a set of papers on geochemical and physical impacts of climate
change on water supplies, as well as on aspects of modelling, forecasting and
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software applications. Part II includes papers on the socioeconomic aspects of
climate change in relation to water supplies and use, whereas Part III presents
papers on the links between climate change, policy-making and sustainable water
use. Part IV presents a number of projects and initiatives, which focus on
addressing the links between climate change and sustainable water use, including
educational and awareness-raising initiatives.

I want to thank all authors for sharing their knowledge and their experiences, as
well as Mrs Marika Rudzite-Grike for the editorial support provided. Thanks are
also due to the ICCIP Team (Franziska Mannke, Natalie Fischer, Kathrin Rath and
Johanna Vogt) and Olaf Gramkow for contributing to Climate 2010 and to this
book project.

It is hoped that this book, which is Volume 3 of the “Climate Change Man-
agement Series”, initiated as part of the “International Climate Change Infor-
mation Programme” (ICCIP), will be useful and allow a better understanding of
the problems, barriers, challenges, opportunities and possibilities related to the
promotion of the sustainable use of water resources worldwide.

Summer 2011 Walter Leal Filho



Contents

Part 1

1 Climate Change Impacts on Green Water Fluxes
in the Eastern Mediterranean. . . ... ..................... 3
Ibrahim M. Oroud

2  Stormwater Reuse via Aquifer Storage and Recovery:
Risk Assessment for Sandy Aquifers. ... .................. 17
Anke Steinel

3 Hydrologic Balance of Citarum Watershed under Current
and Future Climate . . .. ............. . ... ............ 43
Rizaldi Boer, Bambang Dwi Dasanto, Perdinan
and Delon Marthinus

4 Towards a Database for an Information Management System
on Climate Change: An Online Resource .................. 61
V. Ramani Bai, S. Mohan and Reza Kabiri

5  Assessing the Impact of Climate Change on Evapotranspiration
and Soil Salinization. . . ... ..... ... .. ... .. ... ... ... ..., 69
Mohammad Hassan Rahimian and Samaneh Poormohammadi

Part 11

6  The South African Water Sector: On its Way Towards

Adaptive Water Governance? . . . ... ..................... 79
Elke Herrfahrdt-Pihle

vii



viii

10

11

12

13

14

15

Increase in Port Downtime and Damage in Vietnam Due To

a Potential Increase in Tropical Cyclone Intensity . . ... ... ..

Miguel Esteban, Nguyen Danh Thao, Hiroshi Takagi
and Tomoya Shibayama

Hydro-Economic Analysis for Water Resources Management

in a Changing Climate . . .. ..........................

David Corderi Novoa

Climate Change and Water Resource Availability:

What to Do? . ... ... .. e

Eugenia Aloj, Mariagrazia De Castro, Michela Totaro
and Anna Zollo

Adaptations to Climate Change and Variability Among

Smallholder Farmers in Tanzania. . . ... ................

Stephen Justice Nindi and David Gongwe Mhando

“Greening” Integrated Water Resources Management Policies
for Tackling Climate Change Impacts: A Call

for Sustainable Development. . . .. .. ...................

Nazmul Huq and Jean Hugé

Urbanization and Flood Vulnerability in a Peri-Urban
Neighbourhood of Dakar, Senegal: How can Participatory

Audrey Maheu

Vulnerability of Andean Communities to Climate Variability

and Climate Change. . . ... ..........................

Harry Diaz, Rosa Garay-Fluhmann, Julia McDowell,
Elma Montana, Bernardo Reyes and Sonia Salas

Water Management Issues in Southern Tunisia Under

a Climate Change Context . .. ........................

Nizar Omrani and Dieter Burger

Climate Change and its Impacts on the Livelihoods
of the Vulnerable People in the Southwestern

Coastal Zone in Bangladesh . . . .. ... ... .. ... .........

Md. Afjal Hossain, Md. Imran Reza, Sania Rahman
and Imrul Kayes

Contents

.. 143



Contents ix

16 Conservation and Management of Water Resources
for Livelihood Sustainability in Mountainous Regions
of Uttarakhand, India. . . .. .. ... ... .................... 261
Anil Kumar

17 Ports and Climate Change: Building Skills in Climate
Change Adaptation, Australia. . . . ....................... 273
Melissa Nursey-Bray and Tony Miller

18 Preliminary Report on the Socioecology of Rural Groundwater
Markets in the Gingee Watershed. . . .. . .................. 283
Susan Varughese and K. V. Devi Prasad

19 Impact of Climate Change on Water Supply and Food Security
in Seraro District, Southern Ethiopia .. ................... 297
Fikadu Reta Alemayehu

20 Climate Change and Rural Water Supply Planning in Nigeria. .. 305
Salisu Lawal Halliru and Da’u Abba Umar

21 Impact of Climate Change in Bangladesh: Water Logging
at South-West Coast. . .. .......... ... .. .. ... .. ... 317
Md. Moniruzzaman

Part 111

22 Characterizing Adaptive Capacity in Water Governance
Arrangements in the Context of Extreme Events. . . ... ....... 339
Margot Hill

23 The Contribution of Rural Development Programmes
in Mitigating Greenhouse Gas Emissions in Italy. . . . ... ...... 367
Rocio Ddnica Céndor, Marina Vitullo, Domenico Gaudioso
and Marina Colaiezzi

24 “Climate Proofing” Water Resources Development Policy:
The Evidence from Bangladesh. . ... ..................... 389
Nazmul Huq, Zakir Hossain, Rashedul Hasan and Al Mamun Azad

25 Developing an Environmental Sustainability Toolkit to
Integrate Climate Change Issues in Development Cooperation. .. 401
Tom Waas and Jean Hugé



26

27

28

29

30

32

33

Contents

Spatio-Temporal Variation of Drought Severity in the

Sudano-Sahelian Region of Nigeria: Implications for Policies

on Water Management . . . . .. ... ....................... 415
Maruf Sanni, Theophilus Odeyemi Odekunle

and Francis Adeyinka Adesina

Climate Change and Sustainable Management
of Water Resources . ... ...... ... ..., 43]
Golda A. Edwin and G. Poyyamoli

Problems of Water Resources Management in the

Drainage Basin of Lake Balkhash with Respect

to Political Development. . . .. .......................... 449
Pavel Propastin

Saline Irrigation Management for Sustainable Use ... ........ 463
Medhat Mekhail Tawfik, M. A. Ahmed, Amany A. Bahr,
M. F. El Karamany and M. S. Zeidan

Modelling of Water Cycle Processes . . .. .................. 473
Viktor Batyreu and Siarhei Zenchanka

Bridging the Communication Gap: An Exploration
of the Climate Science-Water Management Interface ... ... ... 485
Katinka Lund Waagsaether and Gina Ziervogel

Influences of Public Ecological Awareness and Price

on Potable Water Consumption in Geneva . ... ............. 499
Giuseppe Catenazzo, Jennifer D’Urso, Emmanuel Fragniére

and Jean Tuberosa

Sustainable Development Through Pathways of Mitigation
and Adaptation to Offset Adverse Climate Change Impacts . . . . . 515
A. N. Sarkar

Part IV

34

Activity-Based Water Resources and Climate Change
Education Among School Students in Puducherry . .. ... ... ... 557
R. Alexandar and G. Poyyamoli



Contents

35

37

38

39

40

41

42

43

Water Resources Management in the Peruvian Andes:

Participatory Adaptive Measures to Climate Change. . . . ... ..

Rebecca Clements and Juan Torres

Community-Level Environmental and Climate Change

Adaptation Initiatives in Nawalparasi, Nepal. . . . ... ... ... ...

Eloise M. Biggs, Gary R. Watmough and Craig W. Hutton

Multifunctional Land Use in Urban Spaces

to Adapt Urban Infrastructure . . . .. ....................

Marko Siekmann, Nina Vomberg, Michael Mirgartz,
Johannes Pinnekamp and Sarah Miihle

Integrated Industrial Water Management as a Tool

for Mitigating Climate Change . . . . ... ..................

Rasmi Patnaik and Gopalsamy Poyyamoli

Unjust Water: An Investigation of the Drinking Water

Situation in Argentina . . .. ...... ... .. ... ... ... .......

Sonja Maria Geiger and Natalia Salvatico

Socio-Environmental Evaluation of Drip Irrigation
System Implementation as a Climate Change Adaptation
Measure Within the N’hambita Community Carbon

Project Area, Mozambique . . . . . ... .. ... .. ... .. ...

Jelena Barbir and Walter Leal

Social Learning Through Local Water

Governance Institutions . . . ... .......... ... . ... ......

Margot Hurlbert

These are Our Water Pipes—Sand Dams, Women
and Donkeys: Dealing with Water Scarcity in Kenya’s Arid

and Semi-Arid Lands . . . . ... .. ... ... ... ... ... .........

Abigail Cruickshank and Velma I. Grover

Urban Rainwater Management Using the Aquifer
for Storage as One Measure to Confront Changed

Water Availability . . .. ... ... ... ... ... L

Reinhard Marth and Leonel Gonzélez Gonzélez

Xi



Xii

44

45

46

47

48

About the Authors

Educating for Sustainable Consumption as a Response
to the Global Water Crisis: An Investigation

of an Embedded Learning Approach. . . . ... .............

Daniel Fischer and Eva Freund

Achieving Sustainable Wastewater and Organic Solid
Waste Management Taking Advantage of the Clean

Development Mechanism ... .........................

Soren Riid and Reinhard Marth

Local Wisdom of Danowudu Community in Preserving Forest

as a Water Source for the City of Bitung . .. .............

Trina E. Tallei and Saroyo Sumarto

Education in Global Climate Change at a Botanical Garden:

Students’ Perceptions and Inquiry-Based Learning ... ... ...

Daniela Sellmann and Franz X. Bogner

The Climate Change Challenge for the Urban Environment:

The Use of an Integrated Management System . ...........

Esther Kreutz and Kirsi-Marja Lonkila

Contents



Part I






Chapter 1
Climate Change Impacts on Green Water
Fluxes in the Eastern Mediterranean

Ibrahim M. Oroud

Abstract The present paper is part of the Glowa Jordan River project, which has
been focusing on climate change impacts on environmental, economic and social
issues within the lower Jordan river riparian states. The eastern Mediterranean is
characterized by scarce and erratic precipitation with relatively cool, wet winters
and dry hot summers. Water is the biggest growth-limiting factor. The present
paper discusses the use of climate gradient as a tool to examine the impact of
climate change on precipitation partitioning over field crops. The present experi-
ment is carried out using a multi-layer, multi-year model with a daily time step.
Six years of daily data for five locations, with average annual precipitation ranging
from 170 to 580 mm, were used in this investigation. Results show that the ratio of
soil evaporation (BE) to annual precipitation (P) during the growing season
depends strongly on precipitation regime and amount, ranging from ~ 15 to 20%
when P > 600 mm to ~60% when annual P < 200 mm. A decrease of 10% in
precipitation along with a temperature rise of 2°C increases bare surface evapo-
ration, on average, by ~10% compared to average current conditions. The
implications of this would be a tangible reduction in blue and green water fluxes,
leading to compulsory land use shift and further water stress in the region.

Keywords Climate change - Mediterranean - Soil moisture partitioning - Rain-
fed field crops

I. M. Oroud (<)

Department of Geography, Mu'tah University,
Karak, 61710, Jordan

e-mail: ioroud @mutah.edu.jo
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Introduction

Rain-fed field crops are widely grown in western Asia and North Africa. Being
located in a transitional zone, this area experiences limited amounts of precipi-
tation with substantial interannual and within season variability. For instance, a 30-
year record of precipitation in a station located in this area shows that the average,
lowest and highest annual precipitation there were 340, 123 and 639 mm,
respectively, with a coefficient of variation of precipitation exceeding 30% in
many locations. Precipitation in the eastern Mediterranean exhibits strong spatial
gradients both latitudinally and across elevation contour lines. This is clearly
depicted in the geographic distribution of water resources, floral composition and
dominant agricultural practices.

General circulation models and long-term regional meteorological observations
suggest strongly that the eastern Mediterranean will experience a warming trend
along with a reduction in annual precipitation during the twenty-first century. This
climate change is expected to adversely affect soil moisture availability at different
depths, with subsequent impacts on the evapotranspiration regime and biomass
production. One of the objectives of this paper is to demonstrate the impact of
climate gradient on soil moisture partitioning when planted with a field crop,
wheat for instance. The use of climate gradient, or space-for-time approach,
provides an assessment of what to expect following a change in climate.

The objective of the present investigation is to examine how soil moisture
regime within the active root zone of a wheat crop is influenced by the amount of
precipitation and its temporal distribution, and how it is partitioned via direct
evaporation and transpiration along a climate gradient. A multi-year, multi-layer
simulation model was used. Six years of daily meteorological data for five stations
representing the high precipitation zone in Jordan were used in this investigation.

Study Area and Data Quality

The study area represents a semi-dry Mediterranean climate regime with “average”
Koppen climate classification of Csa and Csb. The study area is located in
the mountainous areas of Jordan, with average annual precipitation ranging from
170 mm to about 550 mm (Fig. 1).

Precipitation falls in the cold season, October/November, and ceases around the
end of March/early April. Figure 2 shows the annual course of precipitation in two
locations. Annual potential evaporation (PE) in the study area is around 1,000 mm,
with the index of aridity ranging from 1.5 in a small mountainous enclave to about
4 in the drier mountainous regions. Six years of continuous daily meteorological
data (precipitation, maximum and minimum air temperatures, sunshine hours,
cloud cover, wind speed, and ambient vapour pressure) covering the period 1996/
1997-2001/2002 were obtained from the Department of Meteorology, Jordan.
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Fig. 1 Location of stations along with elevation (m) and average annual precipitation (mm)

This period covers several growing seasons with wet, average and dry years for the
five stations used in the investigation. The selected stations provide good-quality
meteorological data with elements being observed on an hourly or three-hourly
basis. The data set was quite continuous with few gaps in certain elements which
were estimated from neighbouring stations using linear regression, and were
checked for consistency.
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Method of Investigation

The present investigation is carried out using a cascading water balance model.
The water balance of a soil column may be expressed in the following form (e.g.
Gleick 1987):

é§:P—BE—AT—R0—D,, (1)
ot

The first term represents soil moisture change with time; P, BE, A7, Ro, and D,
are precipitation, bare surface evaporation, actual transpiration, surface runoff, and
deep percolation, respectively. In this formulation the soil profile is divided into
four equal layers, 0.25 m each, and thus it is assumed that maximum root
extension is 1 m. Soil evaporation is determined by atmospheric demand, soil
water content, and soil hydraulic properties (e.g. Ritchie 1972).

Atmospheric demand, or PE, is a thermal index which represents the amount of
available energy, radiative and advective, that can be used to convert water from
its liquid phase into vapour phase. A widely used expression to calculate PE is the
Penman—Monteith expression, in which radiative and advective terms were com-
bined to calculate PE (e.g. Dingman 2002).

Actual soil evaporation is either energy-limited or moisture-limited. Most of
bare soil evaporation (BE) takes place from layers close to the surface-atmosphere
interface. In this formulation, evaporation from the top layer is calculated using the
concept of readily available water such that soil evaporation proceeds at its
potential rate when skin layer moisture () exceeds atmospheric demands:

BE = tPg, tPp<wm, 0<w<4mm (2)

When skin moisture content does not meet evaporative demands, then direct
evaporation is proportional to moisture content of the upper layer,

0; — 0,
O — O,

1.8
BE = w0 + 1(Pg — w)( ) , TPE>® (3)



