“ i

L " -

x N e
. N 4;""..

GUIDELINE *m

JULY 2016




The expert in WATER ENVIRONMENTS

CONTENTS

[T EST o =T 0 1= N 1
PO O U oo e e e e e e e et a 2
Climate Change FAQS ... . 5
1 Defining the Problem ... 8
11 Introduction to Defining the Problem ... 8
1.2 Types Of CHMALE ProDIEIM ........uviiiiii e 9
13 Identifying Objectives and PriOMtI©S ........coouiiiiiiiie et 10
1.4 Impact on Water RESOUICES .........coooiiiiiiiiiiii 11
15 IMPACT ON SECTOIS ...ttt e e e et e e e e e 14
1.6 Climate Change and Other DIIVEIS .........uiiiiiiiieiiiie et 17
1.7 Preliminary Estimate of Change in ClIMate ...........oooiiiiiiiiiiicie e 19
1.8 VUINEIabIlitY ASSESSIMENT . ...coiitiiiiiitie ettt ettt e et e et e e s bbeeeeaae 21
2 Identifying Options and Assessment Criteria ........ccocoeeeeieiieieeeeeeeeeeeeeeeeeeen 23
2.1 Introduction to Identifying Options and Assessment Criteria.........cccccevviiiiieeeeeeniiiiiiinee. 23
2.2 OPtioNS TOr FIOOA RISK ...t e e e 24
2.3 OPLIONS TOr WALET SCAICILY ...veeeieeiiiiiiieeie e ettt e e e e e e et e e e e e e e aenanes 26
2.4 SCreeNiNG OPLIONS ...oeiiiiiiii ittt e ettt e e e e e e bbb e e e e e e e e s bbb e e e e e e e e s e annbbereeaeeeaaannnes 28
2.5 Developing Criteria for DeciSioN-MakiNg .........ccooeoiiiiiiiiiieee e 31
3 Formulating the Water Resources Modelling Approach ..........cccccccvveeeeeeen.. 33
3.1 Introduction to Formulating the Water Resources Modelling Approach ........................... 33
3.2 [ (oo o [ o (o] (=T ox 1 o] T PO PPRRR TR 34
3.3 Reservoir Design and Operation.............coouoviiiiiii 35
3.4 Irrigation Water USE .......coooiiiiiii e 37
35 (1010 a0 (V7= =] PP PR PP PRURTRN 38
3.6 Environmental Management ... 39
4 DeVveloping ProjECLIONS ... 42
4.1 Introduction to Developing Projections ... 42
4.2 Climate FOIrCING SCENAIMOS ........vvvviiiiieieiiiiteeeteeeteeeeeeeeeeeeesesaeeeesssesesesesessassssssssssssssesssnrennnnnes 43
4.3 Global Climate Model ProjJECHIONS..........uviiiiiiiiiiieiieeeeeitieeeeeeeeeeeeeeeeeeeseeeeeeeeeeeaeaeessssesnessnnnne 46
4.4 Regional Climate Model ProjeCtionsS .........ccoooviiiiiiiiiiee 50
4.5 SEA LEVEI PrOJECLIONS ....viiiiiiiiiiieiiiieeeee ettt sss s e sssssssesssssnsnsnnnnnnnnes 54
4.6 Key Variables for Water RESOUICES..........cccoiiiiiiiiiiiec e 57
4.7 StatistiCal DOWNSCAIING .....vvveiiiiiiiiiiiiiieeeeee et eeeeaaaeeseasassesssssesssssessssssnnnnne 58
4.8 Developing Projections Of EXIFEMES .....c.oiiiiiiiiiieeeieeie et 62
5 Decision Making Under UNCertainty ... 66
5.1 Introduction to Decision Making under UNCErtainty ...........cccveiiueeeeiiiieeeiiiieee s 66
5.2 The UNCertainty CASCAUE ........uueiiiiiiiiei ittt e et e e et e et eeeannaeeeeanes 67
5.3 SCENAIIO ANGIYSIS. .. eeiiiiteit ettt ettt et e e e et e et e et e e 69
5.4 Classical DECISION ANAIYSIS .....cciiuiiiieiiiiiie ittt e et e e 71
55 RODUSE DECISION MAKING ...ttt e e 73
5.6 AdapLive MANAGEIMENT .......eiiiiiiiie et e et e e st e e e s abb e e e e e bbeeeeannaeeeeane 75
5.7 (R To I @ ] o] (o] o ORI 77

© DHI July 2016 — Water Resources Climate Change Guidelines i



The expert in WATER ENVIRONMENTS

6 CASE STUIES ..t e e e e et e e e e e e e e e e e a e e e aaaaaanae
6.1 Climate Change Impact Assessment of Dike Safety and Flood Risk in The Vidaa

RIVEr SYStEM, DENMATIK ....viiiiiiiiiiieiie e st e e e s e e e e e e e s st ae e e e e e e e s nnnnrnees
6.2 Comparison of Hydropower and Environmental Flow Alternatives in Lao Cai

Province, NOMhern VIEINAM .........eii ittt s
6.3 Vulnerability Assessment in the Okavango Delta, Botswana ............ccccoecvvveveeeeeveiicvnnnnnn.
6.4 Climate Change Impact Assessment on Groundwater Recharge and Ecosystems

IN BErlIN, GEIMANY ...iiiiiiiiiiiiie e e e e e e e et e e e e e s s s et e e e eeeessananbereeaaeeesaannes
6.5 Climate Adaptation in the Nil& BaSIN ...........cccciuuiiiieeiisiiiiiiieice e ccree e ssiree e e e e e
6.6 Climate Change Impacts on Quito Water Supply, ECU@dOTr..........cccvveveeeeeiiiiiiiiieee e
7 REFEIENCES ..ot 1
APPENDICES
APPENDIX A
Glossary
APPENDIX B
DHI Tools
APPENDIX C
Climate Model Data
© DHI July 2016 — Water Resources Climate Change Guidelines



D

The expert in WATER ENVIRONMENTS D

Disclaimer

The information contained in this Guideline report is for general information purposes only. The
information is provided by DHI and while we endeavour to keep the information up to date and correct,
we make no representations or warranties of any kind, express or implied, about the completeness,
accuracy, reliability, suitability or availability with respect to the Guideline report or the information,
products, services, or related graphics contained in the Guideline report for any purpose. Any reliance
you place on such information is therefore strictly at your own risk. In no event will we be liable for any
loss or damage including without limitation, indirect or consequential loss or damage, or any loss or
damage whatsoever arising from loss of data or profits arising out of, or in connection with, the use of
the Guideline report. Through the Guideline report you are able to link to other websites which are not
under the control of DHI. We have no control over the nature, content and availability of those sites.
The inclusion of any links does not necessarily imply a recommendation or endorse the views
expressed within them.
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Prologue

Who Should Read This Guide?

Aim

Motivation

Scope

This practical guide is primarily written for water resources engineers, hydrologists,
managers, and planners. Although not written explicitly for policy makers, advisors within
government, water resources commissions and basin organisations may also find it
useful to get an overview of strategies, methodologies and tools available for
incorporating climate change impacts into water resources management.

The aim is to provide practical guidance on how to incorporate climate change when
dealing with existing challenges in water resources management. Starting from a water
resources management perspective, it provides an introduction to the key issues,
practical guidance on how to consider climate change, and links to further information at
each step.

The impact of climate change on water resources management is a complex issue and
the volume of knowledge in this field continues to grow rapidly. Initially, much of the
literature focussed on developing climate projections. Subsequently, these projections
have been applied to numerous studies using many different methodologies to assess
the impact of climate change on many sectors including water resources. Most recently,
recognising the potential impact on water resources, efforts have focussed on developing
appropriate adaptation measures and incorporating climate change into long-term
planning cycles.

This document is not meant as a complete guide to the field of climate change in water
resource management. Nor is it a substitute for expertise and experience dealing with
climate change. It should, however, provide the reader with an overview of the
methodologies, tools and strategies available for impact assessment and adaptation to
climate change, and what is involved in implementing them.

Nearly all the methodologies available for assessing the potential impacts of climate
change on water resources are based on using climate model data and water resources
modelling. Similarly, if such an assessment indicates that the water resource, water
infrastructure or ecosystem of interest is vulnerable to climate change then evaluations of
alternative measures to adapt to climate change often rely on model simulations of these
alternatives. DHI is well-known in the field of hydroinformatics for both the development
and application of water resources modelling tools and decision support systems. This
guide supports the effective application of these water resources tools in the context of
climate change.

The scope of this document should be broad enough to be relevant for a wide range of
water resources issues across many of the related sectors, whilst still providing enough
relevant practical guidance.

The types of projects that these guidelines are relevant to include, but are not limited to,
the following:

e  Flood management

© DHI July 2016 — Water Resources Climate Change Guidelines 2



The expert in WATER ENVIRONMENTS D H l

Structure

o Integrated water resources management
. Ecosystem conservation and restoration
o Infrastructure design and management.

The framework, methodologies and tools for analysis contained in this document can be
applied to these and many other types of projects.

lllustrative examples are provided throughout and more detailed case studies given at the
end. This guide is, however, designed to be broad enough to apply to most locations
throughout the world. It provides guidance on how to approach specific projects and use
global, regional, and local information.

As water resources management ranges from highly localised issues like flood protection
to catchment, national and even transnational water allocation, the framework provided in
this guide should be applicable to projects of all scales. Guidelines are tailored to provide
options depending on the economic, human, and technical resources available.

The document is structured around the workflow for undertaking a climate change study:

1. Defining the problem
Define the nature of problem you are trying to address, the objectives and priorities of the
study, relevant stakeholders and the approach to be taken.

2. Identifying options and assessment criteria

Identify a short list of options (e.g. infrastructure or management plans), which could be
implemented to address the challenges outlined in step 1 and to decide on the criteria for
assessing each option to select a preferred option or combination of options.

3. Formulating the water resources modelling approach
Decide how the impacts of climate change will be modelled to allow the necessary
indicators to be calculated, which can be used to prioritise options.

4. Developing projections

Develop projections of future climate, which can be used in water resource models to
assess the impacts of the change and the performance of different infrastructure or
management options.

5. Deciding on a preferred option or strategy, in light of the uncertainties

Make decisions about whether any of the options meet your objectives and decide on a
preferred option or set of options, or decide to continue investigating other options (step
2) or even to reframe the question (step 1). Decide whether it is possible and necessary
to reduce uncertainties (step 3 and step 4).

A chapter is dedicated to each of these steps (Chapters 1-5). There is no need to read
this guide from cover to cover to get the information you want. You can just jump into the
section you are most interested in. If your goal is to carry out an impact study to
determine the effect of climate change on a specific water resource issue, then read
Chapters 1, 3 and 4. Within each chapter a quick overview of the key messages and
important information can be found in the “60-second Summary” boxes.

The following figure shows the structure of the document.
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Different types of text boxes are included throughout the document:

60-SECOND SUMMARY...

Provides a brief summary of the content of the section.

WORKING WITH...

Presents practical guidelines to working with the methods presented.

UNCERTAINTY...

Information on uncertainty and its impacts in relation to the different parts of the workflow.
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