SPRINGER BRIEFS IN ENVIRONMENTAL SCIENCE

Rza Ardaaian

Rethinking
Infrastructure
Design for
Multi-Use
Water Services

=

@ Springer



SPRINGER BRIEFS IN ENVIRONMENTAL SCIENCE

Reza Ardaaian

Rethinking
Infrastructure
Design for

Multi-Use
Water Services

||||||||||||||
25 UNIVERSITY

UUUUUUUUUU

L ey ——
ol Material Fianes and ol Revsrces



SpringerBriefs in Environmental Science



More information about this series at http://www.springer.com/series/8868


http://www.springer.com/series/8868

Cedo Maksimovié¢ - Mathew Kurian
Reza Ardakanian

Rethinking Infrastructure
Design for Multi-Use Water
Services

{1 . UNITED NATIONS
Z- UNIVERSITY

UNU-FLORES
S tiegid

e @ Springer



Cedo Maksimovi¢ Mathew Kurian

Department of Civil and Environmental Reza Ardakanian
Engineering UNU-FLORES

Imperial College London United Nations University

London Dresden

UK Germany

ISSN 2191-5547 ISSN 2191-5555 (electronic)

ISBN 978-3-319-06274-7 ISBN 978-3-319-06275-4  (eBook)

DOI 10.1007/978-3-319-06275-4
Library of Congress Control Number: 2014946371

Springer Cham Heidelberg New York Dordrecht London

© The Author(s) 2015

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. Exempted from this legal reservation are brief
excerpts in connection with reviews or scholarly analysis or material supplied specifically for the
purpose of being entered and executed on a computer system, for exclusive use by the purchaser of the
work. Duplication of this publication or parts thereof is permitted only under the provisions of
the Copyright Law of the Publisher’s location, in its current version, and permission for use must
always be obtained from Springer. Permissions for use may be obtained through RightsLink at the
Copyright Clearance Center. Violations are liable to prosecution under the respective Copyright Law.
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.

While the advice and information in this book are believed to be true and accurate at the date of
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility for
any errors or omissions that may be made. The publisher makes no warranty, express or implied, with
respect to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Contents

1 Rethinking Infrastructure Design . . .......................
1 Introduction. ... ......... ...,
2 Climate Change . .. ... ittt
3 What Is Wrong with Existing Systems?. . ..................
4 What Is the Multiple-Use Water Services Concept?. ... ........

4.1 Reduced Pluvial Flood Risk . .. .....................
42 Water Pollution. . . ........ ... ... ... . ...
4.3 Alternative Water (Re)Sources . ... ..................
44 Urban HeatIsland. ....... ... ... ... ... ... ... .....
45 AirPollution . ....... ... .. .. .
4.6 Droughts . ... ... .
4.7 Urban Agriculture . . . ... ... .. .. .

4.8 Urban Amenity and Blue-Green Corridors Increase Amenity
and Urban Health: Job Creation, Reduce Antisocial
Behaviour and Crime. . . . ....... .. ... ... ... ... ...

4.9 How MUS Aligns with and Supports the Concept
of Sustainability . . .. ..... ... ... ... ... .. .. ..

5 ConCluSionS . . . . vttt
References . . ... ... ..

2 What Are the Main Options for Applying the Multiple-Use

Water Services Paradigm? . . ... ....... . ... . ... .. ... ..

1 Introduction . ............. ...,

2 Wastewater Reuse and Recycling . . ......................
2.1 What Are the Main Components and Costs Related

to Grey Water Reuse? . . .. ... .. ... ... ... ... ...,

2.2 Why Grey Water Recycling? .. ........ ... ... ... ....

3 Urban Green Spaces . . . ...

3.1 What Is the Cost-Benefit? .............. ... . .......


http://dx.doi.org/10.1007/978-3-319-06275-4_1
http://dx.doi.org/10.1007/978-3-319-06275-4_1
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec1
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec1
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec2
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec2
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec3
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec3
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec4
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec4
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec5
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec5
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec6
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec6
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec7
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec7
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec8
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec8
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec9
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec9
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec10
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec10
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec13
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec13
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec14
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec14
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec14
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec14
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec15
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec15
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec15
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec16
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Sec16
http://dx.doi.org/10.1007/978-3-319-06275-4_1#Bib1
http://dx.doi.org/10.1007/978-3-319-06275-4_2
http://dx.doi.org/10.1007/978-3-319-06275-4_2
http://dx.doi.org/10.1007/978-3-319-06275-4_2
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec1
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec1
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec2
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec2
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec3
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec3
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec3
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec4
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec4
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec5
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec5
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec6
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec6

vi

Contents

4 Rainwater Harvesting .. ......... .. .. .. .. .. 0.,

4.1
5.1
52
53
54
55

5.6

New Build Versus Retrofit. . . ......................

What Are the Risks and Costs Associated
with Green Roofs? . . ....... ... ... . ... .. ... . ......

What to Consider Before Applying Green Walls
and Facades? . .. ...... ... .. .. ... . ... . ...

6 Urban Agriculture. . .. ... ... .. ... ... . ..

6.1

What Are the Challenges Regarding Water Conservation? . . .

7 Decentralised Systems to Manage and Reuse Storm Water
Run-off On-site . ........ . ... ... .. . . ... ...

7.1

9.1
9.2

Why Apply MUS? . .. ..

10 How Can We Calculate the Value of MUS Systems? ... .......
10.1 An Ecosystem Services Approach. . .. ................
10.2 An Ecosystem Approach for Decision-Making . .. ........
10.3 Economic Valuation of Ecosystem Services . ............

11 Tools for Supporting Multiple-Use Water Services . .. .........
References . .. ... ..

3 Case Studies Illustrating the Multiple-Use Water
Services Options. . . .. ... .. .. .. .. ..
1 ‘Four Alls for All’: Policy Act on Decentralised Water
Supply Through Rainwater Harvesting and Management Systems

inSeoul. . ... .
1.1 What Is the Challenge? . .. ....... ... ... ... ... .....
1.2 What Is the Policy Framework? . ....................
1.3 What Is the Way Forward?. . .. .....................
1.4 What Are the Benefits of Implementing DRMS?. . .. ... ...
1.5 Benchmarking Example: The Star City Rainwater Harvesting

and Management System . . . .. ... ... ... ..

30
31
31
32
32

32
34
35

35
36
36
37

38
38
39
44
52
52
52
54
54
55
56
56
59
61
65

69

69
70
70
71
71

71


http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec7
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec7
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec8
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec8
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec9
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec9
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec10
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec10
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec11
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec11
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec12
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec12
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec12
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec13
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec13
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec14
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec14
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec15
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec15
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec15
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec16
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec16
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec17
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec17
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec18
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec18
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec19
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec19
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec19
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec20
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec20
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec21
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec21
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec22
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec22
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec23
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec23
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec24
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec24
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec25
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec25
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec26
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec26
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec27
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec27
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec28
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec28
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec29
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec29
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec30
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec30
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec31
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec31
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec32
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Sec32
http://dx.doi.org/10.1007/978-3-319-06275-4_2#Bib1
http://dx.doi.org/10.1007/978-3-319-06275-4_3
http://dx.doi.org/10.1007/978-3-319-06275-4_3
http://dx.doi.org/10.1007/978-3-319-06275-4_3
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec1
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec1
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec1
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec1
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec2
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec2
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec3
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec3
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec4
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec4
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec5
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec5
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec6
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec6
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec6

Contents

1.6
1.7

Additional Demonstration Projects in Seoul ... ..........
Which Are the Lessons Learned and Success Factors

2 Water Sensitive Urban Design in Lynbrook Estate, Melbourne,

Australia . . ... ...
2.1 What Was Implemented in Lynbrook?. .. ..............
2.2 What Were the Challenges? . ... ....................
2.3 Was the Project Successful? In What Way? . . ...........
2.4 What Can We Learn from the Case of Lynbrook Estate? . . . .
3 Green City, Clean Waters: The Vision of Philadelphia. . .. ... ...
31 WhatIsthe Case?. ... ...... ... . ... .. ... .. .....
3.2 What Was the Way Forward?. . .....................
3.3  What Tools and Techniques for Green Stormwater
Infrastructure Have Been Used? ... ........ ... ... ....
3.4 What Are the Benefits Foreseen Following These
Multiple-Use Water Services Strategies? . ..............
3.5 What Can We Learn from Philadelphia? . ..............
4 Integrated Water Recycling in Brisbane, Australia. . . ..........
4.1 What Are the Main Features?. ... ...................
4.2 What Were the Strengths? . .. ........ ... ... ... .....
4.3 What Were the Challenges? . . . .....................
5 BedZED: Zero Energy Development. ... ..................
5.1 What Was the Aim of the Project? ... ................
5.2 What Are the Main Features?. . .....................

53
54

55

What Were the Strengths? . ... ....... .. ... .. .. ...
What Were the Main Challenges and Results?

6 Multiple-Use Water Services: Winrock’s Experience
inAfricaand Asia .. ... ...

6.1
6.2
6.3
6.4
6.5

Multiple-Use Water Services MUS) .. ................
Nepal . ..o
Tanzania .. ........... . ... ...
The WA-WASH Project. . .. ....... ... ... ... ... ....
What Are the Lessons Learned from Winrock’s Experience

in MUS? ..o

References . . .. ... . e

vii

73

74

75
75
76
77
77
78
79
79

80

81
82
82
83
84
84
85
85
86
86

86
87

87
87
87
88
&9

90
91


http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec7
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec7
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec8
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec8
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec8
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec9
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec9
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec9
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec10
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec10
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec11
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec11
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec12
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec12
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec14
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec14
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec15
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec15
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec16
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec16
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec17
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec17
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec18
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec18
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec18
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec19
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec19
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec19
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec20
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec20
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec21
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec21
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec22
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec22
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec23
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec23
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec24
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec24
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec25
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec25
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec26
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec26
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec27
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec27
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec28
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec28
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec29
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec29
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec29
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec30
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec30
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec31
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec31
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec31
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec32
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec32
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec33
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec33
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec34
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec34
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec35
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec35
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec36
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec36
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Sec36
http://dx.doi.org/10.1007/978-3-319-06275-4_3#Bib1

Figures

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.

Fig.
Fig.
Fig.

Fig.

10
11

12

13

14

15

2009-2010 revision of world urbanisation prospects

© (Chapter 1) . .. ..o
Five regional BGD centres in Europe (Chapter 1) ........
Predicted global surface warming (°C) with variability

of extremes of rainfall and air temperature superimposed
(Chapter 1) . .. ..o
Conventional urban drainage systems with and without
wastewater treatment plants (Chapter 1) .. .............
SUDS management train as part of an integrated storm
drainage system (Chapter 1) .. .....................
From natural to developed (built) and back to natural
principles in surface run-off (Chapter 1) . ... ...........
Development of water management in the cities, adapted
from Brown et al. (2008) (Chapter 1). .. ..............
Issues creating need for integrated MUS solution

(Chapter 1) . . .. ...
Mlustration of MUS interactions, starting with interactions

in the water sector towards interactions with vegetated areas
and other ecosystem services, energy,

food, etc (Chapter 1) .. ..... ... .. .. .. .. ... .. ....
Pluvial flood risk reduction (Chapter 1) . ..............
Examples of rain gardens and multifunctional trees
(http://www .phillywatersheds.org) (Chapter 1)...........
One of the possible uses of harvested roof water

(Chapter 1) . .. ..o e
Examples of harvested roof water and grey water recycling
(Chapter 1) . .. ..o
Urban heat island (UHI) mitigation by irrigated vegetation
(Chapter 1) . . ..o oo e e
Sketch of an urban heat island profile

(Rosenthal et al. 2008) (Chapter 1) .. ................

11

12

13

14

14

ix


http://www.phillywatersheds.org

