Participatory approaches and geospatial
modeling for increased resilience to climate change at the watershed level

PWLM cGuidebook

Participatory Watershed Land-use Management

Lazs |GES

Ministry of the Environment Tnsfitute for Global
Environmental Strategies




Participatory Watershed Land-Use Management (PWLM) Guidebook: Participatory approaches and geospatial
modeling for increased resilience to climate change at the watershed level

Authors:

Brian A. Johnson, Damasa B. Magcale-Macandog, Pankaj Kumar, Rajarshi Dasgupta, Masayuki Kawai, Isao Endo, Milben
Bragais

Layout and design: Aoki, Masato

© Institute for Global Environmental Strategies, and Japanese Ministry of Environment. All rights reserved.
Publisher: Institute for Global Environmental Strategies (IGES)

2108-11, Kamiyamaguchi, Hayama, Kanagawa, 240-0115, Japan

Tel: +81-46-855-3700 , Fax: +81-46-855-3709

E-mail:

URL:

IGES is an international research institute conducting practical and innovative research for realising sustainable devel-
opment in the Asia-Pacific region. No parts of this publication may be reproduced or transmitted in any form or by any
means, electronic or mechanical, including photocopying, recording, or any information storage and retrieval system,
without prior permission in writing from IGES. Although every effort is made to ensure objectivity and balance, the pub-
lication of research results or translation does not imply IGES endorsement or acquiescence with its conclusions or the
endorsement of IGES financers. IGES maintains a position of neutrality at all times on issues concerning public policy.
Hence conclusions that are reached in IGES publications should be understood to be those of the authors and not attribut-
ed to staff members, officers, directors, trustees, funders, or to IGES itself.

Suggested citation:

Johnson, B.A., Magcale-Macandog, D. M., Kumar, P, Dasgupta, R., Kawai, M., Endo, I, Bragais, M. (2021). Participatory wa-
tershed land-use management (PWLM) guidebook: Participatory approaches and geospatial modeling for increased resil-
ience to climate change at the watershed level. Institute for Global Environmental Strategies.

Acknowledgements

The development of this PWLM guidebook was kindly supported by the Japanese Ministry of Environment under the
“Knowledge sharing and human resources development on climate change adaptation in the Asia-Pacific region” proj-
ect, for the fiscal years 2019-2020. We would like to express our thanks to the Japanese government for their support and
guidance throughout this project. We would also like to thank all of the local and national government officials from the
Philippines who participated in on-site/online trainings and helped us to improve this PWLM guidebook, specifically the
local governments of: Bifian, Santa Rosa City, Cabuyao, Silang, Calamba City, Tagaytay City, Tanauan City, Los Banos, Santo
Tomas, Malvar, Lipa City, Alaminos, Bay, Calauan, Victoria, Pila, Nagcarlan, and Santa Cruz; and the Laguna Lake Develop-
ment Authority. Without your support, this project and guidebook would not have been possible.

Concept and objectives of this PWLM Guidebook

This guidebook is intended to provide an overview of how to conduct climate change and land-use change impact as-
sessments, so that the impacts on water, biodiversity, and health can be better understood at the local level. A key aspect
of the guidebook is the tutorials provided for conducting climate change/land-use change scenario analysis and impact
assessment using free software. The methodology presented (PWLM) and training materials provided can help local gov-
ernments with their climate change adaptation and land-use planning, and is designed to complement/support countries’
official processes. Using these training materials as a basis, more intensive in-person (or online) trainings can also be
conducted to provide more specialized or location-specific trainings in priority sites.
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Chapter 1: Introduction

Overview

This guidebook introduces several concepts and methodologies for evaluating and
building resilience to climate change and land-use change at a “watershed” (i.e.
river basin) scale. Specifically, it presents a framework that we developed, called
“Participatory Watershed Land-use Management” (PWLM), which utilizes various
participatory approaches and geospatial modeling techniques to quantitatively
evaluate the potential impacts of climate change and land-use changes, and to de-
velop suitable countermeasures, at the watershed scale.

The target of the PWLM approach is to help the local governments located within a
watershed work together to quantify climate change/ land-use change impacts and
develop more resilient development plans, so that future generations can be pro-
tected from climate-related hazards and continue enjoying the benefits provided by
nature. This guidebook is intended for technical experts (environmental scientists,
hydrologists, GIS experts, etc.) and managers/policymakers working at the local
level.
Before continuing, we recommend you watch our YouTube video (

) to get a basic understanding of the PWLM approach.

In this chapter, you will:

4 * ! YouTube video on PWLM
. BT T

Learn how climate change and land-use change can affect communities’ resilience at a
watershed scale.

Be introduced to the steps involved in the Participatory Watershed Land-use Manage-
ment (PWLM) approach, which will be covered in detail in subsequent chapters.



Main concepts

Climate change and land-use change can have significant
impacts on people’s exposure to climate-related hazards.
In many parts of the world, extreme weather events like
typhoons and droughts are expected to occur more and
more frequently due to global climate change, while large-
scale conversion of forests and other natural habitats to
urban and agricultural areas is also causing soil erosion
and increased river flooding in many places.

Local disaster risks associated with climate change are
typically thought of as being related to three factors:

- Extreme Climatic events;
- Changing weather patterns

(1) The frequency and level of extremity of the climate-re-
lated hazards experienced in the locality;

(2) The level of exposure to these climate-related hazards,
e.g. the number of people and properties located in the
impacted areas; and

(3) The level of vulnerability of the people/infrastructure/
environment in the areas exposed to the climate-related
hazards

Figure 1.1 shows how all three factors (i.e. hazards, ex-
posure, and vulnerability) interact to determine disaster
risk.

- Physical
+ Social
y - Financial
+ Environmental

Exposure

| Figure 1.1. Concepts of hazard, exposure, vulnerability, and risk.

Aside from their impacts on disaster risk, climate change
and land-use change can have a variety of other local im-
pacts. For example, loss/degradation of natural forests due
to changing climate conditions or land-use conversion
may result in the loss of biodiversity (due to loss of the
habitat of the species living in the forest) and deteriora-
tion of water quality (because the forest areas help reduce
runoff of contaminants into water bodies), among other
things. To help visualize how these types of changes in
climate and/or land-use can impact the environment and
society, one interesting tool is called the “impact chain”
(https://www.pik-potsdam.de/cigrasp-2/ic/ic.html).

The impact chain is basically a graphical representation
of how a specific climate or land-use modification

(i.e. a “stimulus”) is likely to directly and indirectly affect

a location of interest. The impact chain can be developed
based on scientific models, local knowledge, or other rel-
evant information. One example of an impact chain is
shown in Figure 1.2 to demonstrate the approach. From
this example in Figure 1.2, we can see that climate change
(increasing rainfall and extreme rainfall events), urban
land expansion, and agricultural land expansion can have
many interlinked direct and indirect impacts. Although
the impact chain does not quantify the impacts identified,
in cases where more than one stimulus is found to lead
to the same impact, we can understand that this impact
is likely significant, so efforts should be made to mitigate
the problem.
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Why is a watershed scale important?

Water-related impacts of climate change and land-use
change, including increased flooding, water quality deg-
radation, and drought, are typically experienced at a “wa-
tershed” scale, i.e. a river basin or sub-basin scale (Watch
Video 1.1. for a detailed explanation of what watersheds
are). Changes to the land conditions and/or the climate
in upstream areas of a watershed can have dramatic
impacts on the population living in the lower elevation
downstream areas (see Figure 1.3 for an example). On the
other hand, local climate change and land-use plans are
typically formulated at the city or town level rather than
a watershed level. This can lead to a disconnect between
the local plans and the actual climate change/land-use

YouTube video on PWLM
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Figure 1.2. Impact chain considering three
stimuli: increasing rainfall and extreme
rainfall events due to climate change, ur-
ban land expansion, and agricultural land
expansion.

change hazards within a watershed. For example, a city
located in the higher elevation upstream part of a wa-
tershed may not experience flooding or poor river water
quality, but if they do not take it into account, their land-
use decisions — e.g. their decision to convert forested
lands to impervious urban areas — may unwittingly lead
to increased flooding (due to higher rainfall runoff (Figure
1.1) or lower water quality (due to waste discharge from
urban areas) in the downstream cities located within the
same watershed. Thus, coordinated land-use planning
efforts at a watershed level are essential for ensuring re-
silience to climate change and land-use change.

Video 1.1. What is a watershed (https://youtu.be/QOrVotzBNto)?
Source: Battle River Watershed.

Figure 1.3. How climate change and land-use change in the up-
stream area of a watershed can lead to negative impacts down-
stream. In this example, increased rainfall (due to climate change)
and the conversion of forest to residential land-use leads to higher
rainfall-runoff and more flooding downstream.
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Participatory Watershed Land-use Management (PWLM)

approach

To estimate how climate change and land-use change
will affect a watershed, planners and policymakers first
need to have an understanding of how the climate and
the land-use are likely to change in the future (e.g. over
the next 10, 20, or 50 years). Once future climate and land-
use scenarios are identified, they can serve as input data
for different types of computer simulation models to es-
timate the impacts of these changes, e.g. on flood hazard,
water quality, or biodiversity. The “Participatory Water-
shed Land-use Management” (PWLM) approach presented
in this guidebook is intended to help with this process.
The PWLM approach can help complement qualitative
approaches like the impact chain (Figure 1.2) by helping
to quantify the potential impacts of future climate change
and/or land-use change.

In the PWLM approach, future climate and land-use sce-
narios are generated, the impacts of these changes are
estimated using free software/computer models, local
governments identify countermeasures to reduce these
impacts, and finally the local governments adopt these
countermeasures in local plans and policies to increase
their resilience to climate change. If some of the identified
countermeasures require external funding from national
or international sources to implement (e.g. costly infra-
structure like artificial wetlands or stormwater retention
ponds), they can be used as a basis to develop proposals
for climate change adaptation funding from sources
like the Green Climate Fund (https://www.greenclimate.
fund/). We hope that by using the PWLM approach, local
governments and other stakeholders can better under-
stand the potential impacts of climate change and land-
use change at the watershed scale, so that more effective
policies, plans, and infrastructure can be put in place.

The PWLM approach utilizes a combination of participa-
tory processes and geospatial modeling techniques for
this impact assessment and policy development, and con-
sists of four main steps:

1. Scenario development: Future scenarios of land-use
change and climate change are identified ;

2. Impact assessment: Impacts of the future land-use
change/climate change scenario(s) are analyzed us-
ing different computer models and software;

3. Countermeasure identification: Local governments
within the watershed identify countermeasures
based on the risk assessments, and try to agree upon
some priority countermeasures relevant at the water-
shed scale;

4. Climate resilient land-use planning and imple-
mentation: Local governments use the identified
countermeasures to improve their land-use plans, and
for development of climate change adaptation actions
and policies. The identified countermeasures can also
be used to develop project proposals for domestic or
international sources of climate change adaptation
funding (e.g. through the Green Climate Fund:

).

Figure 1.2 provides an overview of these four steps, and
the processes and software/tools required for each step.
All of these processes are described in more detail in the
subsequent chapters, and you will learn how to apply
them yourselves through a series of hands-on tutorials.
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| Figure 1.2. Four steps of the PWLM approach, and the different processes and software/tools required in each step.

Step 1: Scenario Development (covered in Chapters 2 and 3)

In the first step of PWLM, future scenarios of land-use change and climate change are developed through participatory

mapping (for land-use scenarios) and downscaling of climate model projections (for climate change scenarios).

Land-use scenario development

To understand the likely future land-use changes of a
watershed, a participatory mapping approach is used.
For this, a stakeholder consultation workshop should
be organized, wherein representatives from each local
government within a watershed share their land-use
and development plans. A map of the future land-use is
created through a participatory mapping activity. Local
government officials sketch their planned future land-
use conversions (e.g. based on their land-use plan, or their
knowledge of planned land acquisitions/development)

Climate change scenario development

To understand the future climate changes of a watershed,
projections from General Circulation Models (GCMs, a.k.a.
Global Climate Models) or Regional Circulation Models
(RCMs, a.k.a. Regional Climate Models) are used. GCMs/
RCMs are computer models of the future climate, assum-
ing different levels of future greenhouse gas emissions.
The Intergovernmental Panel on Climate Change (IPCC)
has estimated these future levels of emissions under
different socioeconomic scenarios known as Relative

onto a printed map using markers and tracing paper (see
Figure 1.3 for some examples). Each local government
then presents its future land-use plans to the other local
governments in the watershed, so that all have a better
understanding of the future land-use conditions of the
watershed. Later, the sketched maps are digitized and
georeferenced using the free Geographic Information
Systems (GIS) software “QGIS". Chapter 2 of this guidebook
provides a step-by-step tutorial on how to perform this
land-use scenario development.

Concentration Pathways (RCPs). Due to the high level of
uncertainty of these future climate change estimates,
multiple scenarios should be used to show a range of pos-
sible futures. For higher accuracy, the climate model data
should also be downscaled and bias-corrected using local
climate observations. Chapter 3 of this guidebook covers
the basics of GCMs, how to acquire the GCM data, and how
to visualize it in QGIS software.



| Figure 1.3. Participatory future land-use mapping activity.

Main outputs of Step 1 Software used in Step 1

1. Current land-use map

2. Future land-use map QGIS: https://www.qgis.org/en/site/

3. Downscaled climate data
(current and future daily/monthly data)




Step 2: Impact Assessment (Chapters 4, 5, and

In the second step of PWLM, impact assessment, comput-
er modeling software is used to estimate various impacts
of the future land-use and climate changes. For the PWLM
approach to be open to as many as possible, in this guide-
book we have demonstrated how to conduct all of the im-
pact assessments using freely available GIS and modeling
software.

Main outputs of Step 2

6)

Chapter 4 of this guidebook shows you how to perform
river water quality impact assessment using the Water
Environment and Planning (WEAP) software, using data
from a case study site in the Philippines. Chapter 5 shows
you how to perform flood hazard impact assessment us-
ing three software packages: QGIS, HEC-HMS, and HEC-
RAS. Chapter 6 shows you how to perform habitat quality

impact assessment using the InNVEST software package.

Software used in Step 2

Water quality parameters
(current and future)

Flood hazard maps

(current and future)

Habitat quality maps
(current and future)

QGIS: https://www.qgis.org/en/site/

HEC-HMS: https://www.hec.usace.army.mil/software/hec-hms/
HEC-RAS: https://www.hec.usace.army.mil/software/hec-ras/
Water Evaluation and Planning (WEAP): https://www.weap21.org/
InVEST: https://naturalcapitalproject.stanford.edu/software/invest

Step 3: Countermeasure Identification (Chapter 7)

In the third step of PWLM, countermeasures to reduce the
negative impacts of future land-use changes and climate
change are identified using a participatory process. For
this, the results of the impact assessments from Step 2
are presented to all of the local governments within the
watershed, and the local government officials are asked to
think of potential countermeasures and write them down
(e.g. using markers and adhesive notecards, as shown in
Figure 1.4). Each local government presents their identi-
fied countermeasures, and finally, some common/priority
countermeasures are discussed and identified for the wa-
tershed as a whole.

Main outputs of Step 3

e
Figure 1.3. Stakeholder consultations to develop countermea-
sures for reducing the impacts of future land-use changes
and climate change.

Software used in Step 3

List of countermeasures identified by each local government in the watershed

List of priority countermeasures for watershed as a whole

No specific software needed

10



Step 4: Climate resilient land-use planning and implementation (Chapter 7)

In the final step of PWLM, the priority countermeasures
identified from Step 3 are used as a basis for developing
more climate resilient land-use plans and other policies,
as well as for implementing climate change adaptation
actions and infrastructure. This is probably the most im-
portant step of PWLM, as the goal of this step is to trans-
late the scientific information generated through PWLM
into concrete actions.

Some countermeasures identified through PWLM may
be possible for local governments to implement on their
own (e.g. changing zoning regulations or building codes),
while some measures may be too costly for the local
governments to implement without external aid. In case
external aid is necessary, the identified countermeasures
can be proposed as projects for funding by the Green Cli-

Main outputs of Step 4

mate Fund or other national/international climate adap-
tation funds. Examples of the types of adaptation projects
funded by the Green Climate Fund can be found at https:/
www.greenclimate.fund/projects?f[]=field_theme:235. The
Green Climate Fund and other types of adaptation funds
typically require a climate change impact assessment to
be conducted prior to applying for project funding (to jus-
tify why the funds are needed, and to estimate the bene-
fits of the proposed project). The impact assessments from
step 2 of PWLM provide the basis for this assessment.

In Chapter 6 of this guidebook, we show some specific ex-
amples of the types of actions that could be taken in step
4 of PWLM, based on the results of a case study conducted
in the Philippines.

Software used in Step 4

1. More climate resilient local policies and plans

2. Project proposals for climate change adaptation-related funds

(to help implement any identified countermeasures that require external funding)

No specific software needed
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Chapter 2: Land-use scenario
analysis

Land use (2015) Land use (~2025)

Overview of this chapter

Land-use changes can have a significant impact on the biodiversity, water quality,
and damage caused by extreme weather events in a watershed. This chapter gives
an overview of the impacts of land-use changes, and demonstrates how to perform
land-use change scenario analysis. In the chapter, you will learn how to create your
own maps of the current and future land-use of a study site using free Geographic
Information Systems (GIS) software. This represents the land-use change scenario
development component of PWLM Step 1 (“Scenario Analysis”). These maps will
serve as the basis for conducting land-use change impact assessments in PWLM
Step 2 (“Impact Assessment”), which are explained in Chapters 4-5.

After completing the chapter, you will be
able to:

Perform basic GIS operations in QGIS software ( );

Generate your own land-use maps showing the current and future (planned) land-use.



Main concepts

As introduced in Chapter 1, land-use is a major factor that
affects a community’s resilience to climate change and
climate-related hazards. Conserving and restoring forests,
wetlands, and other natural ecosystems can reduce the
cause of climate change (CO2 emissions) as well as the
potential impacts like increased flooding and landslides
(by minimizing surface runoff and soil erosion). In con-
trast, converting natural ecosystems or other highly-veg-
etated areas into urban or intensive agricultural areas can
have the opposite effect, resulting in the release of CO2
emissions from deforestation/forest degradation as well
as increased climate-related hazards like floods and land-
slides (due to increased runoff and erosion). This influ-
ence of land-use on stormwater runoff can be clearly seen
by looking at the rainfall-runoff coefficients (called "curve
numbers” (Soil Conservation Service, 1986)) of different
land-use types, developed by the U.S. Soil Conservation
Service (see Table 2.1)).

Aside from flooding, land-use change can also have a
major impact on the water quality and biodiversity of a
watershed, among other things. As one example, when
informal or formal settlements are constructed nearby a
river bank (as in Figure 2.1), there is often a deterioration
of the river water quality due to the discharge of house-
hold wastes into the rivers. As another example, when a
natural area near a river bank is converted to agricultural
use, there is often increased soil erosion and pollution
from fertilizers and pesticides. In both of these examples,
the increased pollution from these land-use changes will
negatively affect the river water quality (e.g. for drinking,
bathing, or irrigation), and may also affect the animals
and plants living in the river.

| Figure 2.1. Informal settlement built along a river bank near Manila, Philippines.
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Land-use / land-cover

Impervious areas

Paved parking lots, roofs, driveways, etc.

"Curve Number" (i.e. rainfall-
runoff coefficient) for hydrologic
soil groups A-D

A | s c o |
98 98 98 98

Poor condition (grass cover < 50%) 68 79 86 89
(parks, golf c%ﬂ:e?spggrer?eteries etc) Fair condition (grass cover 50 to 75%) 49 69 79 84
Good condition (grass cover > 75%) 39 61 74 80
Straight row (SR) 67 78 85 89
Row crops
Contoured (C) 65 75 85 86
Bare soil 7 86 91 94
Fallow
Crop residue cover (CR) 74 83 88 90
Poor 57 73 82 86
Woods/grass combination .
(Orchard or tree farm) Fair 43 65 76 82
Good 32 58 72 79
Poor 45 66 7 83
Impervious areas Fair 36 60 73 79
Good 30 55 70 7

‘CurveNumbervalue| 050 [ 50-70 [ 70-90

Table 2.1. Soil conservation service runoff Curve Numbers (CNs) of different land-use types, taking into account the soil type
(hydrologic soil groups). Higher CN values indicate more rainfall runoff. Adapted from (Soil Conservation Service, 1986).

Of course, many other factors must be considered for land-
use planning, such as demand for urban, agricultural, and
recreational land to meet the needs of growing popula-
tions and economies. In this chapter, we try to provide you
with training in some of the tools/software that can help
to better understand and manage the potential impacts
of future land-use changes. The first step of this land-use
change impact assessment process is to identify or cre-
ate the needed land-use maps; i.e. (i) a map of the current
land-use, and (ii) a map of the planned (or potential) land-
use for a desired date in the future. The quality and quan-
tity of available land-use data vary significantly from one
location to another, so identifying the appropriate land-
use map(s) is not always a simple process. If an accurate
and up-to-date local land-use map is already available for
your city/town (e.g. a land-use map produced by/regularly

Land-use map
( current condition )

Local Land-use map with
acceptable level of accuracy
available?

Coarser (national, regional, or global)
land-use map with acceptable level of
accuracy available?

Use this data

¥

updated by your local government), this will probably be
the best data to use for an impact assessment. If a local
land-use map is not available, you can check online for
other existing global-, regional-, or national-level land-
use maps to determine if they meet the level of detail (e.g.
high enough spatial resolution, and a sufficient number of
land-use classes mapped) and accuracy that you require.
Finally, in case you need a more accurate/up-to-date/
detailed land-use map than what is available, you can
always create your own by carefully digitizing land-use
polygons over a satellite image base map using GIS soft-
ware. This digitizing process will be explained later in the
chapter. A similar decision process can be used to identi-
fy the appropriate source of future land-use data (Figure
3.1.2).

Land-use map
( future condition )

Land-use map available (e.g.from
land-use/zoning plans) at the
desired time period in the future?

Use a participatory (GIS) mapping

approach or a land-use simulation

model to estimate the future land-
use conditions

Use this data

q Digitize a new land-use map using a
Use this data satellite image as a base map.

| Figure 2.2. Process for identifying sources of current and future land-use data to use for impact assessments.



T_utorial

This tutorial focuses on the process for preparing current and future land-use maps of a case study site, using free GIS
software. We have provided all of the data for this tutorial in the folder entitled “QGIS_training".

Step 1. Downloading and running QGIS

Much of the tutorial in this chapter is focused on QGIS, a free Geographic Information Systems (GIS) software package that
is used commonly around the world. QGIS has a relatively simple user interface, and runs on Windows, Mac, Linux, and
Android operating systems. You can downloaded the latest version of the software from https://www.qgis.org/en/site/. For
the sake of this tutorial, we have already downloaded QGIS and provided it to you with this training package, so you can
skip this downloading step.

To install QGIS on your computer, double-click the “osgeo4w-setup-x86_64.exe” file and follow the installation in-
structions. For this tutorial, we are using the version of QGIS for Windows operating systems.

Open QGIS Desktop using the Windows Start menu.
After QGIS opens, you will see a browser menu on
the left, and recent projects in the main window.

To install QGIS on your computer, double-click the
“osgeodw-setup-x86_64.exe” file and follow the
installation instructions. For this tutorial, we are
using the version of QGIS for Windows operating

systems.

Step 3. Inspecting the data and modifying the layer style

ﬂ You will see two watersheds, the San Cristobal
watershed and the San Juan watershed. Check the
details of the added files by clicking on the “Iden-
tify features” icon in QGIS. You can also check by
right-clicking on “NewWatersheds” in the Layers
menu, and selecting “Open attribute table”. The
“NAME" row shows the name of the watershed that
the polygon contains, and the other rows show the
size, area, and average population density of the

watershed.

15




Step 4. Adding a current land-use map (“NAMRIA2015_LC.shp”) and visualizing each land-use class as
a different color.

Drag the data from the “current_LU” folder using
Windows file explorer or the Browser window in
QGIS

m For easier visualization, you will assign a unique
color to the polygons representing each land-use
class. To do this, click on the “NAMRIA2015_LC”
map layer in the Layers window to highlight this
layer, and then click the Layer Styling Panel icon

n Practice zooming in and out to the study area bound-
ary using the magnifier and “pan” icons above the

. In the Layer Styling window, change the symbol

map window. type from “Single Symbol” to “Categorized”, and

7772 Practice turning on/off the

t:o map laye.rs by checking on/c.Jff th;: check boxes in specify the “AGC12” column as the column con-
t i e Layers window, and Te-ordenng the .maps by.drag- taining the land-use information. Finally, click the
ging them up and down in the Layers window. Finally,

) ] “Classify” icon.
practice changing the colors of each land-use class by

clicking the color box next to it in the “Symbol” column
of the “Layer styling” window.

Step 5. Create a future land-use map based on the outputs of a participatory mapping activity.

In Step 4, we loaded a GIS shapefile containing the cur-
rent land-use. For land-use change impact assessments,
however, we also need a map showing the potential future
land-use. This could be a land-use map based on your mu-
nicipality’s land-use or zoning plan, which may already
be in GIS format. If no future land-use/zoning map exists
already, a common approach to understand the potential
future land-use conditions of a watershed is to conduct
a participatory land-use mapping activity with relevant
local government staff (i.e. those involved in land-use

planning processes) as well as any other relevant stake-
holders. This kind of activity typically involves printing
out a large poster-size map of the watershed, showing the
watershed boundary, the administrative boundaries, the
current land-use, the major roads and rivers, and other
important geographic features. The local government
staff then sketch the planned (or likely) future land-use
changes using colored markers. To translate this analog
data to digital GIS format, we can finally digitize it using
GIS software.

Land use (2015)

Participatory mapping activity conducted with

local government officials (top). Current and future
land-use maps in GIS format, generated by

digitizing the participatory mapping result (right).




5.1. Creating a current land-use map to use as a basis for participatory mapping activity

Let's create a very basic current land-use map that could be printed out and used for a participatory mapping activity.

ﬂ Click on the “Project” menu, then click “Layout Manager...” from the dropdown box. A Layout Manager window will
appear. Under New from Template header in this window, make sure “Empty layout” is selected and click the “Cre-
ate..” button. In the “Creat print layout Title” window that appears, please enter “San Cristobal” as the title, and then

: " ”
click “OK".
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W A new window entitled “San Cristobal” will appear. [If you close this window, you can open it again by clicking again
on the “Project” menu, and then clicking “Layouts”, and “San Cristobal”] In the next steps, you will create the current
land-use map layout for San Cristobal watershed using the tools in this window.
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Layout

To add a map to the layout, click on the “Add Item” menu, and click “Add Map” in the dropdown box. A crosshairs will
appear for your mouse pointer, and you can click and drag a rectangle that will display the GIS layers in this layout.
You can move the map or resize it by dragging or stretching the rectangle.
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Add a map legend by clicking on the “Add item” menu and clicking “Add legend” in the dropdown box. You can draw
arectangle to indicate where you want the legend to go. Usually, map legends go in one of the corners of the map lay-
out, where they will not obstruct the GIS layers shown in the map.

T - s i

n Add a scale bar to the map by clicking on the “Add item” menu and clicking “Add Scale Bar” in the dropdown box. You
can draw a rectangle to indicate where you want the scale bar to go. Usually, scale bars also go in one of the corners
of the map layout, where they will not obstruct the GIS layers shown in the map. Your layout window will look some-
thing like this after adding the Legend and scale bar:

n Add a title for the map. Click again on the “Add item” menu, and click “Add label” in the dropdown box. Drag a rect-
angle in the top part of the layout window where the title will go. By default, the title text is “Lorem ipssum”. Let’s
change this title by right-clicking on “Lorem ipsum”, and clicking “Item properties” from the dropdown box, and then
entering a new title: “San Cristobal: Current Land-use”. You can make the text larger by clicking on the “Font” menu,
and selecting a larger font size (try size 36 font).
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w Appearann
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m Zoom into your area of interest in the map (e.g. the two watersheds). If you forgot how to zoom in, refer to step 4 (c)

m Save the layout by clicking the “Layout” menu, and clicking “Save project”. You can also click the disk icon below the
Layout menu to save.

q Finally, save the layout as a .pdf file by clicking the “Layout” menu, and clicking “Export to pdf” in the dropdown box.
Name the file “San Cristobal watershed” and save it in the “QGIS_outputs” folder.

Now you have completed the process of creating an existing land-use map of a watershed, which can be printed out and
used to conduct a participatory mapping activity! The actual participatory mapping can be done by providing markers of
different colors to the participants, and asking them to draw out their planned future land-use changes in different colors.
For example, they might digitize new planned urban developments in red, new parks or other green spaces in green, and
new agricultural areas in yellow. Once this is completed, this analog data will need to be digitized into a new GIS layer.
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Step 5.2. Digitizing the future land-use map created through a participatory mapping activity.

In the next steps, we will practice the digitizing process in QGIS so that you can digitize a future (or current) land-use
map using GIS software.

H Open the Layer menu, click “Create Layer”, then click “New Shapefile Layer”.

Set the file and file path by clicking the [..] icon. Please name the file “Future_LU.shp”, and place it in the “QGIS_
training” folder.
E Change the geometry type from “Point” to “Polygon”.

m For additional dimensions, specify “None”.

n Set the coordinate system and map projection to match the other GIS datasets (WGS 1984, UTM Zone 51N).

Add a New Field to the file, called “AGC12". This field will contain the future land-use class information of each poly-
gon that you will digitize. Set the Type to Text data, and the Length to 50. Click the “Add to Fields List” icon.
ARERE Q2 F2 NPPL,.ORFS Be -B-a-LEES I =-00-

LL A4 N
o
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For now, this is just an empty shapefile. As the next step, we need to digitize polygons
representing the future land-use of the watershed.

m Make sure everything matches the screenshot below. Then click “OK”
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n Highlight the “Future_LU” layer in the Layers window, and click the Toggle Editing icon »
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Try digitizing a new polygon representing the “Built-up” land-use class. Click the Add Polygon Feature icon %
Left click in the map display at a location where you'd like to start digitizing a polygon feature, then keep left
clicking to add vertices (corners) of the polygon. When you've got the shape you want, right click to close the
polygon. For this exercise, just try adding 5-6 vertices for the polygon, like the example shown below. (If you
aren't happy with the polygon you made, and want to redo it, click the Undo icon 4 ). Add a unique ID number (1)
and a land-use class (Built-up).

Q Project Snapping Settings X

ﬁv” ' vertex and Segmentv“ 12 |¢|| 23 A H Y Topological Editing H >< Snapping on Intersection

Turn on “Snapping” to that the digitized polygons snap to one another, to allow for easier mapping. Click the
“Project” menu, then “Snapping Options”.

Click the “Enable Snapping” icon=. Choose “Vertex and Segment”. This will ensure that polygons you digitize
will snap to the existing polygons, and help avoid topological errors like overlapping polygons or gaps between
polygons.
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q Digitize another polygon with 5 vertices, this time of an “Annual Crop” land-use feature. Digitize it adjacent to
the “Built-up” polygon you digitized earlier to practice snapping, and assign it an ID of 2.

Try digitizing a few more polygons of the other types of land-use features. Assign a different color to each land-
use class in this new layer. Go back to Step 4(b) if you need to refresh your memory of how to do this.

m Finally, save your edits by clicking on the “Save Layer Edits” icon!!!!
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Congratulations, you've learned the basics of displaying and digitizing land-use data in QGIS!

For a longer and more general QGIS tutorial, please also check the QGIS website: https:/docs.qgis.org/3.4/en/docs
training_manual/create_vector_data/create_new_vector.html.

In the next steps, we will practice the digitizing process in QGIS so that you can digitize a future (or current) land-use
map using GIS software.
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Overview of this chapter

Due to increasing greenhouse gas (GHG) concentrations in the atmosphere, the
Earth’s climate is changing at the global scale. The main change is increased global
temperatures, while the magnitude of the temperature changes varies from loca-
tion to location. Climate change is affecting the water cycle as well, leading to more
rainfall in some regions and less in others, and changing the seasonal rainfall pat-
terns in many places (causing more/less drought or flooding, depending on the geo-
graphic region). To better understand local climate changes, projections from global
climate models (i.e. general circulation models; GCMs) or regional climate models
(RCMs) are typically downscaled using statistical approaches, and then bias-cor-
rected using local climate observation data. These downscaled and bias-corrected
climate projections can be extremely useful for estimating the local impacts of cli-
mate change and identifying appropriate adaptation actions.

After completing the chapter, you will be
able to:

This chapter will introduce you to GCMs and downscaling, and show you how to ac-
cess downscaled climate data.

Understand what GCMs are and how they are generated;

Download GCM data (future precipitation and temperature climate variables); and

Visualize the climate change projection using QGIS software.
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Main concepts

Climate change and its impacts

Climate change is caused by a variety of natural and
anthropogenic factors. Some natural factors affecting
climate include variations in solar radiation and the
occurrence of volcanic eruptions. Human activities like
burning of fossil fuels and deforestation, however, are
believed to be the main drivers of climate change (due to
increased concentrations of greenhouse gasses (GHGs) in
the atmosphere).

Global climate change is disrupting the ways that people
live and interact with their environment. Some of the im-
pacts of climate change include the alteration of natural
ecosystems, interruption of food production and water
supply, damage to infrastructure, and human morbidity
and mortality (e.g. from increased heat stroke, drought, or
climate-induced disasters) (IPCC, 2014). The consequences
of climate change are already becoming evident in terms
of the changes in the amount, intensity and frequency of
precipitation, and temperature in many parts of the world.
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The hydrosphere is possibly the most negatively affected
component of the Earth system. Considering freshwater
as a finite resource, many scientific studies have focused
on evaluating the effects of climate change on precipita-
tion patterns and hydrologic regimes (Dore 2005, Kleinn et
al. 2005, Abbs et al. 2007). These studies and other similar
ones have highlighted the impacts of climate change on
regional precipitation trends, which include increased
flooding and drought as well as deteriorating water qual-
ity in many regions. Developing nations, many of which
have inadequate infrastructure and/or water governance
systems, are likely to be most significantly affected. Asia,
having the highest gap between freshwater supply and
demand, is expected to bear the brunt of these global
changes.




Climate change projections

It is difficult to precisely predict the future climate at a
specific location (e.g. city or town) due to uncertainties
from climate models and various other sources. Under-
standing of the general trend of climate change and vari-
ability, however, is important for impact assessment and
climate change adaptation. Climate projections are the
main tools used to understand the expected impacts of
climate change on different sectors of a country. Climate
projections consist of a synthetic time-series of climate
variables, such as daily or monthly precipitation and

Global Climate Models

—

temperature. These climate projections are derived from
general circulation models (GCMs), also called global cli-
mate models. A GCM is a mathematical model of the gen-
eral circulation of the planet’s atmosphere or oceans, and
is based on mathematical equations that represent the
physical processes described in figure 3.1. GCMs simulate
the responses of changes in greenhouse gas concentra-
tions, and provide estimates of climate variables in the
future (Mishra and Herath, 2011).

Regional Climate Models =mmp- Extraction of regional series

for downscalling at local stations

[

.

| Figure 3.1. Climate model data (adopted from Aparicio and Zucker, 2015)

The GCM outputs are based on coarse resolution infor-
mation (e.g. orography and elevation) for the generation
of climatic variables, and are typically of a coarse spatial
resolution (hundreds of km pixel size). However, forcing
and circulation that affect local climate generally occur
at much finer scale than that of GCM. Therefore, direct use
of GCM outputs is not suitable for local climate change
impact assessments, and hence spatial downscaling is
required. Spatial downscaling is the process of deriving
finer resolution (i.e. local) of climate data from the coarse
GCM output for the climate change impact studies at local
level. There are various downscaling techniques to con-
vert the GCM outputs into locally applicable climate data.
Although we will not discuss them in detail here, more
information on downscaling methods can be found in
Mishra and Herath (2011).
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GCMs (and the downscaled data from them) are generat-
ed based on estimated future greenhouse gas emissions,
which are calculated for different socioeconomic sce-
narios. The most widely-used of these socioeconomic
scenarios are the so-called “representative concentration
pathways” (RCPs), including RCP 2.6, RCP 4.5, RCP 6.0, and
RCP 8.5 (Moss et al. 2010). The RCPs are labeled according
to the approximate global radiative-forcing level at 2100,
with RCP 2.6 estimating the lowest amount of climate
change by the year 2100, and RCP 8.5 estimating the high-
est amount of climate change by 2100.



Tutorial

Step 1. Downloading GCM data

Although GCM data can be downloaded from various sources, the most common one is from IPCC, as shown below.
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| Figure 3.2. GCM data source from IPCC website

Please follow following steps to download GCM data from this site:

Go to Intergovernmental Panel on Climate Change (IPCC) data distribution site:
https://www.ipcc-data.org

Click the tab “guidance” to get different guidelines regarding how to select scenarios, fact sheet and scenario process-
es for IPCC Assessment Report 5 (AR5). This site has both past climatological data as well as projected data.

n Now click the tab discover, view and download data. This page has all the observed climate data, IPCC Assessment
Report 5 (AR5) observed climate change impacts. Most importantly, this page has the global climate model outputs,
as shown below.
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'.'] Click “Global Climate Model Output” link, and following page will open
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ﬂ Click “Results from GCM-Runs for the Fifth Assessment Report (AR5) based on the IPCC-RCP scenarios”, and fol-
lowing page will open.
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All the outputs shown here are from The IPCC's Fifth Assessment Report (AR5), which relies heavily on the Cou-
pled Model Intercomparison Project, Phase 5 (CMIP5), a large climate modelling process coordinated by the World
Climate Research Programme (WCRP). The format for GCM output from all the RCP is in NetCDF/CF. NetCDF files
can be opened and visualized in QGIS. For more details, please click the link output format NetCDF/CF (an over-

view is shown in the screenshot below http:/cfconventions.org/).
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n To get data for a particular location, you need to click on following link:

., and the page below will open:

Quick Links

Click “availability” on the left hand side menu and following page will open. Click the “PCMDI" link to go to the
webpage for downloading the climate model data.
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n Before downloading the data, first you need to create account by clicking “Create Account” in top right corner.
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After clicking the link, add the requested information (email address, user name, password, First/Last name,
etc.) and you will receive an “OpenlID Login”. After inputting this OpenID and clicking the Login button, you
can enter your user name and password.

- QLY =

""ESGF& 6r

u\; Lawrence Livermore
National Laboratory

ESGF@DOELLNL

Searih & Downlood Uets @

[I After logging in, click on the CMIP5 link as shown below.

— Y “ESGFWéte

The webpage below will open. Now you can choose which climate model and climate variables to download
data for. Please click the + icon next to “Project” to expand the list of projects, and check on the box next to
“CMIP5”. Next, click the + icon next to “Experiment” and check the box for “rcp85”. Finally, click the + icon
next to “Variable Long Name” and check on the boxes next to “Air Temperature” and “Precipitation”. Once all of
these model components are selected, click the “Search” box and the available models will be displayed. The
first model displayed is MIROC-ESM-CHEM, generated by the University of Tokyo, the National Institute for
Environmental Studies, and the Japan Agency for Marine-Earth Science and Technology.
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Click on “List Files” for the first model in the list (“MIROC-ESM-CHEM")... To download the precipitation cli-
mate data (“Precipitation flux”), click the “HTTP Download” link for the variable number 25, “pr_Amon_MR-
ROC...". To download the Precipitation data, click the “HTTP Download” link for the variable “prc_Amon..."
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Step 2. Opening the climate model data in QGIS

Although GCM data can be downloaded from various sources, the most common one is from IPCC, as shown below.

E Open QGIS software (See Chapter 2 if you don't remember how to do this!).

m Click on the “Layer” menu and then click “Add Raster Layer”.

n Select the NetCDF file “pr_Anon..." and click “Open”.
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Passe Sroup h Al MSSOL Spatial Layer... Qurl+Shitte M
W reacis g ; » st
P wsson oen Abribete Tabie E B, Acd DE2 Spatial Layer.. i+ Shitted
-

m Then click “Add". Then choose the desired coordinate reference system (“WGS 1984") and click “OK” to add the
NetCDF layer in QGIS.

ﬂ To understand this layer, click on it in the “Layers” menu. By default, it shows as a “Multiband color” image, with
model results for 3 years shown as a color map.
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n Change this to “Singleband gray” to visualize the climate model results for a single month. As you can see,
the dates are indicated by the number of days since 01/01/1850 (January 01, 1850). Please select Band 1140: time
=91660.5 (days since 1850-1-1), this corresponds to the month of December in the year 2100.

m As you can see, the resulting map shows the spatial distribution of precipitation for the month of December in the
year 2100. To convert these precipitation flux measurements (in units of kg/m2/s) to average millimeters of precip-
itation per day, these values would need to be multiplied by 86,400. To convert to monthly precipitation, they would
then be multiplied by the number of days in the month of interest (i.e. 31 in the case of December).

Srte o T

m Now try to download and display the data for the average maximum monthly temperature variable (“tasmax’
variable)

Congratulations, you've learned how to download and visualize climate model data in QGIS!
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Chapter 4: Flood impact assess-
ment using HEC-RAS software

Overview of this chapter

As discussed in Chapter 1 and Chapter 2, land-use changes and climate change of-
ten have impacts on flood hazard and exposure. This chapter gives an overview of
tools and methods for flood modeling, which can help to understand and visualize
the impacts of these changes on flood extent given a certain rainfall event. The
chapter also provides a tutorial for simulating flood hazard using free software like
QGIS, HEC-HMS, and HEC-RAS, providing step-by-step instructions on data prepa-
ration, rainfall and runoff curve generation, flood simulation, and flood extent com-
putation. Using current and future (predicted) land-use maps as inputs in the flood
modelling, you will be able to quantitatively compare the effects of land-use change
as the flood extent.

After completing the chapter, you will be
able to:

Prepare data for flood modeling using QGIS software;

Generate rainfall and runoff curve using HEC-HMS

Conduct hydraulic modeling using HEC-RAS software to simulate the water movement
and flood extent under two land-use scenarios;

Compare the flood extent of the two scenarios in a simple overlay visualization
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Main concepts

Flooding is one of the most significant climate-related
hazards globally, so simulation and mapping of flood
hazards is critical for disaster risk reduction and climate
change adaptation efforts. The availability of free soft-
ware and tools for flood modeling and visualization like
QGIS, HEC-HMS, and HEC-RAS make it possible to con-
duct flood hazard impact assessments and use the results
for science-based decision, e.g. to improve local land-
use plans, disaster plans, and climate change adaptation
plans to make the landscape less susceptible to flooding.

The flood modelling process requires a lot of data prepara-
tion using GIS. One of the best tools for this is the free and
open-source GIS software known as QGIS, introduced in
Chapter 2. This application enables the user to store, view,
edit, analyze, and visualize geospatial data. It helps flood
modelers to handle data efficiently and prepare input that
can be opened across any GIS and flood modelling plat-
forms. Along with QGIS, HEC-HMS and HEC-RAS are addi-
tional free softwares that offer hydrologic and hydraulic
modelling capabilities, respectively.

HEC-HMS, or the “Hydrologic Engineering Center, Hy-
drologic Modeling System” is a numerical model that
simulates watersheds and channels to predict the flow,

Flood extent
(10-year return
period storm)

Future condition

-

0

stage and timing of runoff, or simply the generation of a
rainfall and runoff curve. HEC-HMS was developed by the
United States Army Corps of Engineers, and is designed to
simulate the complete hydrologic processes of watershed
systems. The output in this modelling, the hydrograph for
a rainfall event, is used as an input to conduct hydraulic
modelling using HEC-RAS software.

HEC-RAS, or the “Hydrologic Engineering Center, River
Analysis System” is a computer program designed to
model water flow through systems of open channels and
surface profiles. As with HEC-HMS, HEC-RAS is also de-
veloped by the United States Army Corps of Engineers,
and both are available online for free download and use
(HEC-HMS:
, HEC-RAS:

). The
main output of HEC-RAS is a map of the flood extent and
the behavior of the flood water as it runs over the terrain.
Using the current and future land-use/land cover maps
as inputs in the flood modelling, researchers can analyze
the effects of the land-use/land cover change on the flood
extent under different development scenarios, as shown
in the example in Figure 5.1.

Figure 4.1. Comparison of flood extent under two different land-
use scenarios (current condition and future planned land-use).
Overlaying the results can show how the future condition will
be impacted by planned land-use changes.

The remainder of this chapter is a tutorial for using QGIS,
HEC-HMS, and HEC-RAS, which utilizes data from a case
study site, the Silang-Santa Rosa subwatershed in the Phil-

ippines. Because this is a long tutorial, we have broken it

down into three separate Modules. Module 1 focuses on data

preparation using QGIS, Module 2 focuses on flood simula-
tion using HEC-HMS and HEC-RAS, and Module 3 focuses on
visualizing the outputs of the flood simulation using QGIS.
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Tutorial

Module 1: GIS Data Preparation using QGIS

Objectives Materials

The objective of this module is to inspect and / or pre- 1. QGIS version 3.14
pare the GIS data needed for the flood modelling. Spe- 2. QuickMapServi lugi
cifically, this module discusses how: eERReTEE pEeT

3. Digital elevation model (DEM)
1. To download and install the needed software for the

input preparation; 4. Shapefiles (Land cover, Administrative boundary, River

polylines)
2. To check the integrity of the needed data by checking

its properties and attribute table; 5. River discharge data in excel file

3. To prepare and format the data layers like the water-
shed boundary and river polylines; and

4. To organize other data to be used in the flood simula-
tion like the discharge data in excel file.

Software Download and Installation

Visit qgis.org to download the latest QGIS software version. QGIS is a free and open source geographic information

system.

p— e i s s

A Free and Open Scurce Geagraphic Information System " Q S e
: £ N O JETe—
GIS34 @]
hdtbeenseldasedy’ |
.Q e
,Q S g S >
S - 1)

Select the version that suits your workstation. Click the download icon to start downloading the software.

n Install the version of QGIS that was downloaded. Click next to start the installation and click finish after the setup is

completed.
() QGIS 3.14.15 'Pi’ Setup - x — |

Welcome to the QGIS 3.14.15 'Pi" Completing the QGIS 3.14.15'PI"
Setup Wizard Setup Wizard
This wizard will guide you through the installation of QGIS QGIS 3.14.15 P has been installed on your computer,

14.15'F,

Click Finish to dose this wizard.
Itis recommended that you dose 2l other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer,
Click Next to continue.
Cancl i <Back Cancel
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Data Inspection

Open QGIS then load the given Raster (DEM') and Vector (Watershed boundary? Laguna lake boundary?®, river
polylines?, current land cover polygon®, and future land cover polygon®) data.

a
S ——————
TETLY I LPOQ 8- A= -

m Inspect the properties of each layer. Right click on the layer on the table of contents (TOC) then click properties. On the
properties window, click the information tab and check the coordinate reference system (CRS) of the layer.

Layer Name

RASTER . EPSG:32651 - WGS 84/ UTM
+ Laguna_IfSAR.tif .
« DEM zone 51N - Projected
VECTOR
+ Watershed boundary shapefile + srr_watershed_boundary
+ Laguna lake boundary shapefile + lagunalake.shp
EPSG:32651 - WGS 84 / UTM
* River shapefile * river.shp zone 5IN - Projected
+ Current land cover shapefile + CurrentLC_2014.shp
+ Future land cover shapefile + FutureLC_2025.shp

5] -1
B
LR W) Name Laguna_ItSas
[P Pam
Vo wawy
|- R py——ye
¥ [ tegmataer

B v

9 o [ Cumeemt 002

s | v Bl e s
A |7 ¥ L SR

o ==

ir; n
- -
@ -
@ GOAL GaalIFE
& Diiver

= Metadats
W - Dataset Ot Descumintel|_PROIEC
V- Descristh  Lguna IS804
Compress
sand 1 * STATSTICS APFRORMATESY

IfSAR (Interferometric Synthetic Aperture Radar) derived DTM with 5m x 5m resolution from National Mapping and Resources Information Authority (NAMRIA)
Silang-Sta. Rosa Subwatershed boundary from Laguna Lake Development Authority (LLDA) GIS data

Laguna Lake boundary extracted from the administrative data boundary downloaded GADM website

Silang-Sta. Rosa subwatershed tributaries digitized using Google Earth satellite image

20714 Land cover generated using Landsat 8 from the United States Geological Survey (USGS)

o T e U N

2025 Land cover from the participatory mapping activity participated by the Local Government Units in the subwatershed
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Add plugin to load satellite image as basemap. Click the Plugins tab > click Manage and Install Plugins > the wait
for the Fetching repositories window to finish fetching > click All on the Plugins window then type QuickMapSer-
vices on the space > click Install Plugin > wait for the installation to finish then click Close.

G} “Untitled Project — (615

Project Edd Yiew Layer Settmgs I
H e T M Manage and Install Plugins...
D 6o L ma

Web Blesh G Facking epossries ®

Vectge Baster  [etabase

[r— e
Chibe Ae§ | D00 Oocal Phage Rty Comecting
LA N AR CR A
Layers BIE
FEE R - 3 N

¥ s watershod_boundary

&:?"E::‘{:ﬁ

AR

SH8

T doort Feichng
£

QuickMapServices €
Collection of casy to add basemaps

QuickMapServices
* luld basemops

| msarch for fndeg datanets and

o nmevic
e by s
|eate), 197032 amricasn

[rep |

Amthor et —
writable version (stabich 1 -

Author Becis
Availabia version (stabla) 0.10.11.1

m Opening QuickMapServices plugin and loading of Google satellite image to see if the river network is plotted cor-
rectly in the map. Click Web > QuickMapServices > Google > Google Satellite. After the Google satelite is loaded in
the Map display, please uncheck the other layers in the table of contents except srr_watershed_boundary, river,
and Google Satellite.

H Zoom in the Map display to see if the river network is plotted correctly in the map. Edit the river shapefile if there
are incorrectly plotted polylines. Right Click the river layer in the TOC > click Toggle Editing. On the toolbars, click
Vertex Tool (Current Layer) then hover your cursor in the river section to be adjusted. Adjust the vertext of the river
section to correct part in the map. Once finished, click Toogle editing icon in the toolbar then click save to save
and stop the editing mode.

e@V.Lsm @ 4/ B

@ stop Editing

o Do you want to save the changes to layer river?

| save Discard Cancel
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n Save the project as Modulel_Exercise inside the Flood Modelling folder.

CADUSIRFO-T AGGQ B8
AR ]

SBBAEN-N L

See that the project is now named as Modulel_Exercise located in the upper rigt of the QGIS display.

o) Checking the attribute table of the two land cover layers. Right click the CurrentL.C_2014 layer in the TOC > click

Open Attribute Table. Make sure that the table has LCOVER and MannN columns for the land cover classes
and Manning's roughness coeeficient values, respectively. Do the same to check the attribute table of the Fu-
tureLC_2025 layer to see if it has LCOVER and MannN columns.
o o e ot e o . o ke | B O A s ek 2804, s 20 S o x
Terp! A o 5 «TES K ®m & 50

e R =

T e T

T O i O i IS O 5

L} " L © Coberlnnd sl Balag A TGN L an:

: T e e e

[~ - JREEE

Checking the river discharge data in Exel file collected using a capacitive water level logger installed in the dam
inside the watershed. Take note of the recorded starting and ending time and date. Make sure to have the comput-
ed discharge voulume in cubic meter per second (m3/s)

Documents » 1_PROJECT » FloodModelling » Data » Discharge

-

~ MName Date modified Type Size

Microsoft Excel W... 322 KB

a5 Discharge.xlsx

AT Dhicharge (1r3/5)
W o3Iy
o ww e
B em Bl
n em oS
2w s
B o omsmT -
M e awiaar
B e asmszsces
3w asmazsces
T oms DaIBAE
B e ansmaseces
B s o9tmLieEy
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Module 2: Flood Simulation using HEC-HMS and HEC-RAS

Objectives Materials

The objective of this module is to conduct hydrologic and 1. HEC-HMS version 4.7.1
hydraulic simulation to compute and compare the flooded )

. 2. HEC-RAS version 5.0.7
area under the current and future land cover data. Specifi-

cally, this module aims: 3. QGIS version 3.14

4. Data from Module 1 (DEM, Shapefiles, Rainfall, and Dis-
charge data)

1. To download and install HEC-HMS and HEC-RAS to
conduct the flood simulation;

2. To use the data from module 1 to generate hydrograph
and prepare geometric and unsteady flow data input in
the flood modelling software;

3. To conduct unsteady flow analysis between the current
and future land cover layers as sources of the Man-
ning's roughness coefficient values; and

4. To download and compute the resulting maximum
flood extent generated after running both the unsteady
flow analysis of the current and future land cover lay-
ers.

Software Download and Installation

H Visit hec.usace.army.mil website to download the latest HEC-HMS and HEC-RAS software versions.

©  US Army Corps of Engineers Hydrologic Engineering Centir

HEC-RAS
My use the proy

HEC.RAS Dov -
Features & .
What's New HEC-RAS 5.0.7 Windows:
Downioads These setup package include HEC-RAS 5.0.7, Documentation, and optionally the Exampie Projects
Documantation Primary Download Site:

& Download HEC-RAS 5.0.7 Setup P 5]
FACs & Download HEC-RAS 5.0.7 Setup Pac
Known I55ues Alternate Downloa

es)

Bug Repart & Download Setup Package an
Suggestions Supported Operating Systems:

Windows 7, 8. 8.1, and 10 64-bit only
Demo Note: If you are using Windows 7. 8. 07 8.1 you must ensure that your operating system is up-to-date with all known

Microsoft updates.
Sponsors

m Download and install the both HEC-HMS 4.7.1 and HEC-RAS 5.0.7 setup Packages and Documentation under the Pri-
mary Download Site for Windows. Double click the downloaded software > click Next > Choose I agree to the above
Terms and Conditions for Use > click Next to define the Destination Folder > Click install the lastly, click the Finish
button.

# # | LT r—r— x i

Wk Lo Dve Bastalstikekd wizand for | meser b st e Program
Tha ssmrd el 1 b retadaton,

e ot 1 b o st

Instalhiekd Wizard Complesnd

Tre e e b ety Palsied HEC 1
| s want i s o o e o vour intalaton et ik Back. Gk Carce 501, e P 5 e B s
e e

| <san £ = |
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Creating a HEC-HMS Project

Double click the HEC-MHS icon ﬁ in the desktop. Under the File tab, click Save Project As > locate the folder to
save the project > type SantaRosaRiver under the Title space as the project File Name.

D as [{asem Tyl P i sEEEE 2288
—Hore Selecied— LRI LN -

B Comate o e Pt

samar |
Semrpors
ocaton: C: Unervser Decument
ot st e P =

m Import the basin model prepared using GIS software and create Meteorologic Models, Control Specifications, and
Time-series Data under Components tab.

. W i 4 dermtdecieds | e cbrasen s EEe ££F
WA DS

e

Create simulation run using the Compute Tab > click Compute icon > copy the Predicted Inflow in the Time-Series Re-

sults table to be used in the hydraulic modelling.
=
Fike G Pasmetars Compute Raults Took  Help
DB & [k ke B F 4 T+ S Rur: cabraten “REEEw 5§48
—tre Selcind - WarnEDbe
W10 - e[
ey =0 ===
win s T R Iutiets™ Riesusts for Run "calbrason”™
e 100 i Oustet ]
e WEO
wio Swtaffn MOGBIL 1M B Maent
 Chtiet ndl 3 s Metearciog: Modet:  Met 1
T Hn Compte Trme: 1 SMar X011, 06:20:34 Cortrl Specfcatons-Contral 1
) Sy e T
Dale Trme | Iofom bom... | Ilow fom... | Tolsl Sufow | Obs Flow
E"‘cf T | | e | pm | ) | s
Cumdstig Cutto, L THE ) d [X] (5] [X] -
o p——tay - Deecmnr [ | 62 | oA | a8 | 64
" ¥ T Y T
Peb— T T T Cr -
Sl e I Y N A U]
e T T ] w09
k01 1k ad oa [1] o
2001 1 | [¥] T [X] T a9 T [X]
Seoerniz [ivm | ex | os L -1
e TN Y T T
Swemn | | 6: | oa e | o
Goem w81 | o4 | &8 | v
e T I T |09
e i |6 as a9 as
T T
T T T Fr -
e i R Y & | 65w
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Creating a HEC-RAS Project

Double click the HEC-RAS icon s in the desktop. Under the File tab, click Save Project As > locate the folder to save
the project > type SantaRosaRiver under the Title space as the project File Name.

B i s gt

o] 2 v e e
! T [ o7

vt w1, PRC LTl el 45, il

m Under the Option tab, click the Unit System (US Customary/SI)... Select System International (Metric System) and tick
Set as default for new projects > click OK.

HEC-RAS 5.0.7

HEC-RAS

File Edit Run View Options GISTools Help
== A e Program Setup > Select Units System

: Default Parameters >
Project: [antzRosz [ US Customary
o Unit system (US Custornary/Sl) ... A & . .

. 0
ey — Convert Project Units .. | System International (Metric System)
steadyFow: | | ConvertHorizontal Coordinate Systems .. W Let as default for new orojects!
Unsteady Flow: | |
Descrption: | oK | Cancel | Help

Loading Map layers using RAS Mapper

n Click this icon *|in the HEC-RAS window. Under the Tools tab of the RAS Mapper window, please click Set Projec-

tion for Project...Browse the data where you can find a projection file that can be used for your project area.
RAS Mapper B RS Mapper Options ®
File | Tools | Help | “::"‘"5“""’ Projackon
| Set Projection for Project ... | Iy || Pt s TP YR8 P C |
- | | Mot Tolorances
MNew Terrain ...
sl Setings
Mew Land Cover ... Genersd
Add Web Imagery ... Rt Larers
Ecking Teels T Dot et Wiping Mathod |GDAL Wwg)
Add Map Layers ... " Hternate HEC-RAS Flasa \iorping Methend
Import MLD ... | Compraticn Dt Placen
Manage Results Maps ... Herizentsl [7 Virtseal 3
a Options .. 5 River Sations
ZI Show Legend i ffea ] GocmelPaces [0
% | Show Profile Line Dist i atior: P Fivrmy
:I ow Profile Line Distance i [ PET———
|
oK J Cancel gy

m Go to Flood Modelling >Data > Shapefile folder and select river.prj > click OK.

s v s pcpachen il foe s prosest

R PR

= Locil Dt [E}

Fie rarre: e
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n Under the Tools tab of RAS Mapper, click New Terrain... > click the “+' sign to add the DEM data.

B ras Mapper
Hew Teran Liyer
Fie [ Tooks | Help bl ~
Set Projection for Project ... b b" B
arran
= 01| MewToman B | [ T e s
O

IS Mew Land Cover .. x|
o
O

Add Web Imagery .

| A Mg Ly . ]
Impedt NLD 3
Manage Resuses Maps ..

o Options .

[F] shew Legend

[#] show protite ine Distance

Ot Tesrin Fle

s L I — | T~ Marge s

Verical Commicn: [Uhe bt Fie Deimtl =] [

Fiararre: |C Dyt Dicmants'|_PROUGL T Tamar Tammn el =

[[crome | comes |

ﬂ Navigate to the Data folder then click Laguna_IfSAR.tif > click Open.

| W Mot for Teersin racter Flar *
“ = 4 | Users » user » Documents » 1PRCUECT » HoodMedeling » Data » DEM v/ & | SearchDEm )
Organize »  herw folder - ™ @
I This PC
010 Objeese
I Dshtop

| Douments

™ T

4 Dewnloads

B humic

= Picbures

[ videes

L el Dk (€

o Leeal sk ]

= Gongie Drive File Stream (G

= Local Dik (E) v

J— File s Loy NSRRI | [PamwDaa g mag -

o

n Under the New Terrain Layers click Create. Wait as the RAS Mapper window create terrain then click the close button

once done.
Heew Terain Liyer
B ras Mapper - o =
et Terran Files Fie  Tooh  Help
g s o o b O@R NN e >z EE SN ] Bl
ﬂ 13 Elll:eullu. Fantures
& = Hesutes
B [ Tomam
TR [ Terrsin (= = =)
Rounseg (Precisiet (1 ] Crame Sinches ™ Marga It 1 Singhe Plawter
Verkeal Comversion: [Ine vt Pt =] [
Filrame [ en e Dscumerts 1_FROJELT Tomaer Toran g b=
G | co |
s vy
| NEEEEEEEENEEEEENEENNNNRNNNREEENNRNEEEEN|
| Computation Task | mhimmiss
[Imserting 1 of 1: Lagura 1848, 0AF -» Terrale.Logues I95aR. 04F
i Tramilating to SeaTiff -:::'::;" 1 ::
] | .
s M | .
Step 2 of 3: Cresting Terrain.haf... 1 15
Step 3 of 3 Cresting Stiten-TI for merging rasters... 1 1
rarratn compiete s Meseagmm | Vimws | Prole Lines | Active Features |
|
See that a Terrain layer is now on the TOC.

n Under the Tools tab of RAS Mapper, click New Land Cover... > click the '+ sign to add the current land cover layer.

.W“I‘Iﬁf [ ———————
e .
File | Tocls | Help = brgen Exsers. [Tomars =l =l [ =l
St Propection for Project
=0] Mews Terrain ..
E Pewe Larsd Cover
o Auded Wb Imagery .
0 Add Map Ly ..
Import MLD ..
Marage Results Magi .
£} Options ..
-
D?whwld- L P o |
[#] show Profie Line Diztance casae [ mes
= | 4 Fieane RN ]
[Come ] s |
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Fl Navigate to the Data folder then click CurrentL.C_2014.shp > click Open.

B Becwis for Land Cover Files '3
« 4 ||« Users > user » Documents » 1 PROJECT » FlcodModeling » Data + Landcover v @ | Sesrch Landeove A
Orgenize *  New folder - W @

Astachments * Mame

Documents Ve LC_2018shp

15 P SHP File BEL KB
Pictures | FuturelC_2025:shp P

SHF File BS2KE
B Ths PC

B 30 Obects

[ Desitop

4 Documents

& Downloads

J Music

= Pictures

B videos

L. Local Disk (€ %

File name: | CurreralC_2014hp w| | LC Data {"1it."img." shp) =

[ =

n Select LCOVER and MannN columns in the provided space > click Create > click Close.

File Tools  Help

EOGARN ¢+ m EE Sy vo|w.]

[V extwes
Oe
] Fnslte
1 [ Map Layers
El Maerurgs_n =1
=@r
B Tarms )

Chapuns e - Comag Memsings 1 Liyst Varainge roct

Measagen | Views | Profle Livea| Actos Festores)

See that a new map layer, Mannings_n is now on the TOC.

“ Under the Tools tab of RAS Mapper, click Add Web Imagery... > select Google Satellite > click OK.

Hedn EEoAN

1) e o

See that Google Satellite layer is now on the TOC.

n Under the Tools tab of RAS Mapper, click Add Map Layers... > Navigate to the Data folder > under the Shapefile folder,
select lagunalake.shp, river.shp, and srr_watershed_boundary. shp > click Open.

LO@BNN IS BEM SNy ||

St Projection fos Project —.
[F0]  Meowkmin

M Land Cover
[T T

Impet NLD i

Manage Fesuls Maps 1]
3 Options
[F] thowLagend
[ ] shw Profie Line Destance:

3

| [ s

Cediet I |
See that three new map layers are added to the TOC, Lagunalake, River, and srr_watershed_boundary.
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Geometric Data Preparation

E Click the View/Edit geometric data icon.

HEC-RAS 5.0.7
File Edit Run View Options GISTools Help

| O [ | | | ] ol <]

Project: baniaRosaijar L
Plan: |
Geometry: |
Steady Flow: |
Unsteady Flow: |
Description : I

T E

m Click Select layers to view in background icon > tick river and srr_watershed_boundary layers > click Close.

wls  Help

|| _20RArea 2DAnea
Breaklined  paann

Fiegions

Putnp
Station

o)

Description : Background Layers on Schematic

=
1259

— Map Layers

Select layers ied in background May er

D lzgunalzke

river
Srr_watershed_boundary

D Mannings_n

I 'Google Satelite

€ >

Terrain {associsted Terrain in Ras Mapper)
’]7 Plot Terrain

oo |

Create 2D Flow Area. Zoom in to the downstream area. Click 2D Flow Area icon > trace the downstream area > double
click to end digitizing > type Flow Area as the name for the created 2D flow area > click OK.

Figt W5 exsenty for Profie:

=l =]
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Click Edit 2D Flow Areas > click Generate Computation Points on Regular Interval with All Breaklines... > type 5 for the

d
Computation Point Spacing for both Spacing DX and Spacing DY > click Generate Points in 2D Flow Area > click OK.

<':nu_m T — T )

‘Connecsans and References 1 this 0 Flow Area

Dt Marving's n Vakie: [T
ik Land Gaver 5 Mg’ Zems mesh conmaiaa ma compumanize peince.

Cel okume Fiter Tol {0=0FF)(m): foms

kit et Cormpulaion Ponts on Beger Intervel wit & Breskines._.
Face Prafle Fiter Tal {1 =FF){e): (=3 -

]
Face heea B Bl To (1=CFEN: 000
Face Comveyance To Rate (ned.001): 002
Face Laminar Depth (1=0FFinic =3

CEOMne.. | Force Maoh Recmulston

30 Flows Asea Generate Points.

Comnitaton Por! Specey
seserg o = [
spacng O =
Shift Severated Points (Detonal]) -
shtight = |
i —

Generaie Ponts in 20 Fiew Area Cancel

H Click File tab under in the Geometric Data window > click Save Geometric Data > type SRR as the Title of the Geomet-
ric Data > click OK.

< Geometric Data

File Edit Options View Tables Tools GISTools Pt SeectedPody _ DefahtProectrode | Oooments
[artronsone 5* s Documents|1_PROECT

New Geometry Data

Open Geometry Data
Save Geometry Data
Save Geometry Data As ...

Rename Geometry Title S
Delete Geometry Data S
Copy ta Cliphoard
Print ...
Import Geometry Data >
Cancel Hep | cresfoder.. | [&c |

Exit Geometry Data Editor

et arre ared ot vl v e Tt

Open RAS Mapper window. Right click Mannings_n > click Associate with Geometry > click OK > select Mannings_n
in the manage Geometry Association window > click Close.

B R Mapper %
File Took  Help

Selecied Layer: Mannings_n d@ea = One or more geometry files was not associated with a terrain layer, RAS
just associated these geometry files with the first terrain layer.

] arr_watershed_boundary
 Mannings o —
[ Googhe 5{ B8 Mansung’s n Vahar Colon
. Image Info ...

[T —— *

Zoom to Layer
Eemave Layer

Move Layer f
Export Layer
RS
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[!] Go to Geometric Data — SRR window. Click Edit 2D Flow Areas > click Edit Land Cover to Manning's nn... > click OK.

Land Cover to Manning’s n (2D Flow Areas Only)

20 Pl ace: [Pl ieea —iHﬂ e

Connections and Rederences o this 20 Fiow Area SetManning's n tc
. Selected Area Edit Option
IV Add Constant ... | Multiply Factor ... | Setvalues... |  Replace .. |‘

Land Cover Layer for Defaul

Base Marn n (blank for default)

> Default Mann n
Dl n Vaske: (T3 ; :mljtata —
it Land Civer 53 Marningie ... ilt-up T

3| ultivated area 0.02]
Gl okame Fiter Tol {2=0FF )= [z 4| grassland 0.45
cunmmammnmm-anﬁm 5|open areas
Face Prafie Fiver Tol (D=OFFm): (5 16| open canopy forest

7| tree plantation and perennial

Face Area-Ce Fiter Tol (0=0FF)(n): (5
Face Conveyance Tol Rato (mn=d 0001): 052
Face Lamirar Dieoih (0 =0FE)jn): (T3

_GSome.. | Foumemmommin

Assodiated Layer:  [C:\Jsers\user\Documents\,L_PROJECT \Mannings_n. tif

ok E

Create Boundary Condition Inflow. Zoom in to the upper portion of the Flow Area. Click SA/2DArea BC Lines icon >
trace a line across the river in the inflow area > double click to end digitizing > type Inflow as the name of the bound-

ary condition > click OK.

™, Gewemetic Data - 40

HEC-RAS

Enter the name for a new SA/2D Flow Area Boundam oK
Condition Line [max 32 chars). It will be connected to _I

SA/20: Flow Area'. Cancel

|Inﬂow

Create Boundary Condition Outflow. Zoom in to the lower portion of the Flow Area. Click SA/2DArea BC Lines icon >
trace a line across the boundary in the outflow area > double click to end digitizing > type Outflow as the name of the
boundary condition > click OK > go to File tab > click Save Geometry Data.

x

HEC-RAS

Erter the name for a new SA/20 Flow Area Boundary

Condition Line [max 32 chars). It will be connected to

SA/2D: Flow Ared’ Cancel

|D|.rlﬂow

off 77 9l g1
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Unsteady Flow Data Preparation

E Click the Edit tab > click Unsteady Flow Data

B HEC-RAS 507
File Edit Rum View Options Gl5Tock Help
E.I. Geometric Data ..
Pl Cruasi Unsteady Flow (Sediment Anabysis) ...
Gaom: Unsteady Flow Data .
S Sediment Data ...
Unste :
Water Cuality Data ...

- x

| | 2|22 | 8|50y Nl
| [=\Wsershuser Documents\1_FROJECT GantaRasaRiver.prl [=]
|

= Whsersser Domuments\1_FROJECT Bantarosriver. 201

|

[

[ETETEL

:-_Jldeh'ls

n Under the Boundary Condition column, click the blank space in row 1> click Normal Depth under the Boundary Con-
dition Types section > type 0.01 for the Friction Slope > click OK.

Descriphon : |

d e
Boundary Conditions | Inital Conditions |
I — T

Stage Hydrograph | Flow Hydrograph

|
Normal Depth | Lteral Inflon | trfiow |
|

Friction Shope:

2D Flow Area Boundary Condition Parameters

¥ Compute separate water surface elevation per face slong BC Line
" Compute singhe warter surface for entre BC Line

Open the Discharge excel file under the Data folder. Use the data in the excel file to fill up the Flow Hydrograph win-
dows’ information need.

REEEETENEINIY AN

SR T R

masnsanine

A

I
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','] Under the Boundary Condition column in the Unsteady Flow Data window, click the blank space in row 2 > click Flow
Hydrograph under the Boundary Condition Types section > input 1 minute for the Data time interval > select Fixed
Start Time then input Date: October 24, 2012 and Time: 1330 > click No. Ordinates tab > type 2751 > click OK > copy the
Observed Discharge values in the excel file the paste it in the Flow column in the Flow hydrograph window > input 0.05
in as the EG Slope for distributing flow along BC Line > click Plot Data to check the hydrograph > click OK.

VHEC-RAS »
| . 54: Flom dvra BCLre- indo
Erked rvmamiim resmber of ordnates II [ R frorm DO before srmdation Select 2% e el Pt
Concel | |t |
Pagc |
: ¥ Entee Tabie e T |
2751 Selec e e Datw's St T R
1 lne Semulatin Tene: Bate: T
5 Peone Sart T et [HOCTRIE 7| e 200
T Flow Hydrograph - O x [ eRe w et el
(piot ]| Tabte |
SA: Flow Asaa BCLne: Infiow E|
4 Tegand
i3 Few
1o
£ ®
E
P ow
[
a@ T S0 Aot Opptcrs {'Crical Scurcary coredions)
. — I~ Morvaar o wipa e 13 e
1209 1804 230 GRS 1O 103 2400 B 1284 aron et st
4022 | Hﬂmtgr? | 0oz = MnPloms [T Muliphes [ DGiseee fur deirbuing fow slong G Unes [ 08 rw
ol il | [Crotoes | x| owem |

-y Click File tab under in the Unsteady Flow Data window > click Save Unsteady Flow Data > type Ofel as the Title of the
Unsteady Flow Data > click OK.

A Unsteady Flow Dats o by P Bt

] [ dry _ neier | tsmen |
File Opticas  Help =] Frr— T

MNew Unatesdy Flow Data
Open Unsteacy Flow Data .
Save Unateady Flow Data
Srve Undteady Flow Data A4 ..
Renarme Unsbeady Flow Tithe ... s =
[Deiete Unsteady Fiow File ...

Set Initial Condifions (flow and stage) from previous output profile —.

: e | [@ — 4
Exit = e —. -

e |
s v e

Unsteady Flow Analysis

ﬂ Click the Run tab > click Unsteady Flow Analysis

B¥ HEC-RAS5.0.7 —
File Edit Run View Options GlSTools Help

&> steady Flow Analysis .. | || 2| =]k | | BB os ﬁ
T Unsteady Flow Analysis ...
Project: '::VJsershser\Dnmmenm\lﬁPROJECF\SanERosaRJvEr.Dr]'
Sediment Analysi ...
Plan: . |
Geometry: Water Quality Analysis ... [E:\sersuser\Documents|1_PROJECT \SantaRosaRiver.g01
Steady Flow: Hydraulic Design Functions ... [
Unsteady Flo Run Multiple Plans ... [c:\Users\user\Documents|1_PROJECT\SantaRosaRiver.u01
Description :

Run RAS-MODFLOW Coupled Model ... l J |51 Units
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n Click the File tab in the Unsteady Flow Analysis window > click Save Plan > type Current as Title of the plan > type
2014 as short ID > click OK.

[ S
File  Options  Help e

New Plan

Fie e Scbvedfads _Detmtprosctioe | oot |
e i Pocmants 1 PR

Open Plan ...

Save Plan

Save Plan &s ...
Rename Plan Title..
Delete Plan ..

Exit

™ Foodolan Mapong

Simadation Tme Window e e L -

H Tick all (except sediment) under Programs to Run section > input starting date and time: October 24, 2012, 1330 > input
starting date and time: October 26, 2012, 1120 > select 1 Minute for both Computational Interval and hydrograph Output

Interval > select 10 Minutes for both Mapping Output Interval and Detailed Output Interval > click File tab > click Save
Plan > click Compute.

| Urste B i 03 e oo - *
| P etz e, b

File  Opt e

Plan ¢ Furrent shert: [m14 :

Gncrrtry i [ =l 3
Unstandy Flow Fle : [0fe =

Pregrams to fun Plan Deseription

¥ Geometry Preprocessac

¥ Uimtracly Pt Semdation

™ Sedment

F Post Processr

[ —

Smudation Tise Window

Saarteg Diate: [2a0cTa012 | st Teve: 12

Endng Dater [mocTaon: 5] evangTme: i

Comptaten Settrg

Computabon Inerval  [1Moute ) _I Mydrosraph Ouut Inbervl: [LMinte )

Mappng Ouput Interval: [10Mnte v Detaed Quiput Iterval: | oMt =)

K _PROIECTY ds B
Compute | | o |

Wait to finish the computation > congratulations if you see the three blue bars > click Close.

View and Export Results in RAS Mapper

n Open RAS Mapper > view the Depth in TOC > click the Play icon to see the flood simulation.

B et e - 8 x
P Tk Hip

bh @B SNy | e o]

Sriectnd Ly Do
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m Right click Depth layer > click Edit Map Parameters > tick Maximum for the Unsteady Profile and Polygon Boundary

at Value under the Map Output Mode section > click Save Map.
SEEe =L L [T T — X
Mg Type (nlect one) Uratnacy Fickln Map Dictput Mode
& Madrum Gencriesd for Currpnt Wiew fin memerng)
-  Flsster {math Ansccised Tarmn)
]l Geome  Frefie " Pint Fasture Layer: Bl
epth (Mars; e ] (]
--|:|v=|::m: 2458 LayerPropetties TCT2012 1300 ~ | | Seslisxodiedk] =
- 240CTH012 134000  Fnster based on Temme: -
[T WSE (Max) Edit Map Parameters F4OCTING 135000 L
Map Layers = 260CTI02 14:00.00 ‘eature Layer
- \aguna\ake 1@ Zoomto Layer BUCTAI M @ Polypen Bcunary ot Value: o
river 20CT2012 143000
[ sir_watershed | [l 240CT2012 140,00
2OCTINZ 145000
Dgann;ng;,ﬂ" Move Layer 4 HOCTINZ 15:00:00
[ Google Satelli Export RAS Tiles for Web Mapping HOCT202 151000
- 7] Terrains 0CT212 152000 s
M Terrain = s
Laves Name [rundston Boundaey
Map Type: A will be creabed for Flood Inundation Deptha.
Mg *ﬂb !th’ o apeciind Save Map I Cancel
7]

n Right click Inundation Boundary in the TOC > click Compute/Update Stored Map (Map not created).

B ras Mapper
e Tools  Help

Selecsed Layer Depth

BB Layer Prepedtics

it Map Pasameters
=

Zoom to Layer

Remove Layer

Move Layer

See that the maximum flood extent boundary has been created.

ﬂ Export result as Shapefile. Right click Inundation Boundary in the TOC > click Export Layer > click Save Features to

Shapefile > navigate to Output folder to save the file.
[ - [ T— x
[ & o - 4 T Tk » D) » e+ me  Deorwts + T PRORET » Gt K}
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Run the Simulation for Future Landcover

E Repeat the process in adding New Land Cover data but this time, use the FutureLC_2025.shp.

Under the Tools tab of RAS Mapper, click New Land Cover... > click the +' sign to add the future land cover layer.

E RAS Mapper | [ ————
g Fi

File | Tools | Help vmport ety [Temarn - = | | |

£

Set Projection for Project ... T

Mew Terrain ...

MNew Land Cover ...
Add Web Imagery ...
Add Map Layers ...
Import NLD ... i

Manage Results Maps ...

O Opticns ...

ZI Show Legend

~ | Show Profile Line Distance Consice [ 95 meters
Al Filerare: [C\1_PROJECT larrins_nhd. = |

Eo|

m Navigate to the Data folder then click FutureLC_2025.shp > click Open.

o Browse for Land Cover Files x

« = 4 [ la e v wer D b5 v 1PROJECT » » Data » Landeover w @] | Search Landcover P

Organize = New folder i 1 @
Atachments. A Name Date modified Trpe Size
Bocuments ) CusrentlC_214.shp 1408/ 2020 11:18 PM SHP File e KD
Pictures | Futurel C_2025.5hp 14/06/2000 11:34 PM SHP File BAL KR

I This PC

P 3D Objects

[ Dektcp

F Downloads

B Music

| Pictures

B Videss

L Lockl Dk (C) G

File name: | FuturelC_2025.0hp .. LE Data {*.£f.".img." shp) !

Com ] [ oo

n Select LCOVER and MannN columns in the provided space > click OK for the Overwrite window > click Create > click
Close.

| e e ——

T care et
eitien wil1 bt dore v She-1l 1 seceisars.

e e s e ety Canaes

=] o |

See that a new map layer, Mannings_n is now on the TOC.
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ﬂ Go to Geometric Data — SRR window. Click Edit 2D Flow Areas > click Edit Land Cover to Manning's nn... > click OK.

Open RAS Mapper window. Right click Mannings_n > click Associate with Geometry > click OK > select Mannings_n
in the Manage Geometry Association window > click Close.
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Create a new plan under the Unsteady Flow Analysis. Name the plan Future with short ID: 2025. Run the simulation
and repeat the process of viewing the results in RAS Mapper and exporting results in shapefile. Name the ouput
shapefile as Future_flood.
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Module 3: Flood Extent Comparison using QGIS

Objectives Materials
The objective of this module is to compare the flood extent 1. QGIS version 3.14
of the two land cover scenarios. Specifically, this module

discusses how: 2. QuickMapServices plugin

3. Shapefiles (Watershed boundary, river polylines, and

1. To compute the area in hectares of the two flood ex- flood extent boundaries)

tents;
2. To stylize the two flood extents; and

3. To overlay the two flood extent layers in preparation for
map lay-out.

Flood Area Computation

Open QGIS > click Add Vector Layers > navigate to the Output folder > select both current and future flood extent
shapefiles > click Open > click Add > click Close.

Ano® 200 SMERIS-S T- AGGR

- z 2\ -=- 4B
P v . e

= =

-] -]

, 3

P - ~

" .

@- ®-

o [ ]

oy T —— Sy el T o T ]

o) Right click the Current Flood layer in the TOC > click Open Attribute Table > click the Toggle editing mode icon > click
New field > type Area_ha for the Name > select Decimal number (real) for the Type > click OK.

[Ty ——
Projuct [de Yo loym dteqn Fuges g Boto Destoc )
T EBLRESE Qe ssNP] BREE HesrpHpPP /G RBLOOS O
REV.AM@B 7+ / REVLRB LFD AR TAVABRIRCS o ¥

SEBHAENIERS

g g . of e et

n Click Open field calculator > tick Update existing field > choose Area_ha > find Geometry, double click on $Area then
type /1000 > click OK.

The Area of the Current_flood shapefile is 6,143.89
hectares. Click Toggle editing mode icon to stop edit-
ing > click Save.
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m Do the same process in number 1 for the Future Flood layer.

The Area of the Current_flood shapefile is 6,816.17 hectares.
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Stylizing the Layers

Right click the Current Flood layer in the TOC > click Properties... > click Symbology tab > click Simple fill > click the
color bar in front of Fill color and change it to Blue using the color wheel > click OK >under the stroke style, select No

Pen > click OK.
G "Unbithed Preect — OG5 Gl Layar Progartien — Cumest ficod — Symlagy ®
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() Layer Properties — Future flood — Symbology

= Single symbol
I &
M simpleril

- E IE

Symbal laver type| Simple il

Fill color - €

Diagrams Fill style I soid ME=S

E Fields Stroke color - e
E Attributes Form Stroke width | 0.260000 € |3/ | Milimeters MKEN
Stroke style Mo Pen MEER

MR =1

Join style B Bevel

x |0.000000 =

A " Offset Millimeters -
& = y | 0.000000 -
@ oicpioy
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& Rendering
& oo

Variables V| Enable symbol layer  4=|, Draw effects
a Metadata S
E Dependencies Style - oK Cancel Apply Help
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Save the project. Go to File tab > click Save > navigate to Output folder > type Flood_extent for the File name > click

Save.
- AR FEH-B- -
- =8 B
[

e

Load watershed boundary layer. Click Add Vector Layers > navigate to the Data folder > select srr_watershed_bound-
ary.shp > click Open > click Add > click Close.

Q@ Data Source Manager | Vector X
Source Type
() Open OGR Supported Vector Dataset(s) X
T Rester
<« “ 4 | <« FloodModelling > Data » Shapefile v & Search Shapefile »
MU pes
2 Mesh
Organize v New folder = m @
- Delimited Text Qutput A Name Date modified Type
“& GeoPacksge Report [ tagunalake shp SHP
e & OneDrive [ iver.shp SHP
#, Spatialite /09/2020 5+
- Attachments |7 sm_watershed_boundary.shp 13/09/2020 5:08 PM SHP
Documents
Pictures
[ This PC
Oracle
- Oracle 8 3D Objects
DB& DB2 [ Desktop
— Documents
m Virtual Layer - i K 2
s File name: | sr_watershed_boundary.shp | [EsRiShapefiles (“shp: sHP)

Right click the river layer in the TOC > click Properties... > click Symbology tab > click Simple fill > under the Fill style,
select No Brush > under the stroke color, choose Black color from the color wheel > click OK > under Stroke width, input
1> click OK.

(@ Layer Properties — sir |_boundary — Symbology x
Q = Single symbol -
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& symbology
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ooy
p
& Rendering
& oo
Variables V| Enable symbol layer 4=, Draw effects
a Metadata > epoTeie
P Dependencies Stie - OK Cancel Apply Help
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n Add Google satellite image. Click Web > QuickMapServices > Google > Google Satellite. After the Google satelite is

loaded, arrange the layers in the TOC in order from the top to bottom: srr_watershed_boundary, Current_flood, Future_
flood, and Google Satellite.
AQOQE FH-a-

] -=-a® J
[} L}
2 %
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i
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Chapter 5: Water quality impact
assessment

Parameter: Biochemical Oxygen Demand (BOD)

100
90 m 2015 u2030_pi
%0 2030_pi_cc45 2030_pi_cc85
W 2030_pi_cc45_lc 2030 pi_cc85_lc
70
= &0
[=T+]
E s
S 0
[+3]
L i = - LS -
20
10 II
0
Upstream Midstream Downstream
Legend Location

2015- current status,

2030_pi — Scenario with population increase,

2030_pi_cc45 — Scenario with population increase and moderate climate change (RCP 4.5),

2030 pi_cc85 — Scenario with population growth and extreme climate change (extreme RCP 8.5),

2030 pi_cc45 Ic— Scenario with population increase, climate change (moderate RCP 4.5) and land-use change,
2030 pi_cc45 Ic— Scenario with population increase, climate change (extreme RCP 8.5) and land-use change

Overview of this chapter

Surface water quality is closely linked to human activities (e.g. water demand,
wastewater discharge/runoff, and land-use/land-management) as well as local
climate conditions. Thus, changes in population, water treatment infrastructure,
land-use, and climate all result in modification of the water quality of nearby rivers/
lakes/coastal waters.

This Chapter will show you how to simulate the future water quality of a watershed
using the “Water Evaluation and Planning System” (WEAP) software package, which
is free for users in developing countries. You will learn to conduct several different
types of scenarios, to understand and model the impacts of population growth, in-
frastructure development, land-use change, and climate change on water quality.

After completing the chapter, you will be
able to:

This chapter will introduce you to GCMs and downscaling, and show you how to ac-
cess downscaled climate data.

Use WEAP software to estimate the water quality of a watershed;

Integrate future population projections, infrastructure-related information, land-use,
and climate information to develop different scenarios of the future water quality.
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Main concepts

Improving urban water environment is of great signifi-
cance, considering the importance of clean water for bio-
diversity and ecosystem services. Clean water is needed to
ensure healthy fish stocks, and that water is clean enough
for recreational activities, bathing, tourism, cultural and
religious activities, etc. To analyze the sustainability of
future urban development with regards to water resourc-
es, various scientific tools can be used, e.g. to forecast the
future state of urban water environment under different
scenarios. These tools are useful in that their outputs
provide science-based evidence for decision-making, and
the involvement of local stakeholders in the process can
improve the modeling results (e.g. by better accounting
for the local context) as well as build the capacities of the
stakeholders involved in water management.

This chapter presents the Water Evaluation and Planning
(WEAP) took, a computer modeling tool that takes into ac-
count hydrological and water quality components to an-

Model set-up

To run the WEAP tool, first vector or raster file of admin-
istrative boundary of the study area and river map is im-
ported into the software. After tracing the river on the top
of the administrative map, we create our problem domain.
The whole problem domain (and its different components)
is divided into several sub-catchments, which are further
subdivided into different sub-basins, to consider influent
locations of river and its major tributaries being repre-
sented by respective WEAP nodes. Other major consider-
ations are many demand sites (number usually depend on
lower administrative unit of study area by which data is
available) and wastewater treatment plant to accurately
represent the current situation of the study area. Here,
demand sites denote domestic (population) defined with
their attributes explaining water consumption and waste-
water discharge in concerned river. As a countermeasure,
Wastewater treatment plants (WWTPs) are considered as
pollution handling facilities with design specifications
including total capacity and removal efficiencies of pol-
lutants. In this case, an upflow anaerobic sludge blanket
reactor (USAB) type of wastewater treatment plant with its
pollutant removal efficiency is considered in the model-
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alyze/simulate the current/future water quality. WEAP is
widely used as a decision support tool for integrated water
resources management and planning. The model allows
for the estimation of rainfall runoff and pollutant trans-
port from a catchment to nearby water bodies. WEAP can
support environmental master planning functionalities
by accounting for wastewater generation and treatment,
and includes a catchment module for rainfall-runoff sim-
ulation (an essential input parameter for water quality
modeling. Other benefits of WEAP are that it is not data
intensive, and that it is freely available to people in devel-
oping countries.

In this chapter, we will show how the WEAP model
can be used to simulate future total water demand and
water quality variables (targeting the year 2030) in the
Santa Rosa watershed of the Philippines, and to assess
different management policies.

ing. The daily volume of domestic wastewater generation
in this area of the Philippines ranges from around 100-180
liters per day per capita, however because of non-avail-
ability of precise data in some of the areas it was fixed at
130 liters of average daily consumption per capita. Apart
of this, we do need to plot river gauge stations, ground
water supply and finally different types of links (return
flow, transmission flow, and runoff/infiltration) to finalize
model set-up.

Scenario analysis is carried out by defining a time
horizon for which alternative wastewater generation
and management options are explored, which is 2030
in this case. The business as usual condition is repre-
sented by a reference scenario with selection of all the
existing elements as currently active. Consequently,
new WWTPs (hypothetically considered as counter-
measures) are modeled as scenarios representing devi-
ations from the current conditions (reference scenario).
The baseline year under the current reference scenario
for all study areas also varies based on the past data
availabilities.




Model performance evaluation

Before doing future scenario analysis, performance of the
WEAP simulation should be assessed based on the asso-
ciation between the observed and simulated values of the
hydrological and water quality parameters. For this Chap-
ter's case study, hydrology module parameters (mainly ef-
fective precipitation and runoff/infiltration) were adjusted
during simulation in order to reproduce the observed
monthly stream flows for the period of certain year for
hydrology module validation. Whereas the water quality

simulation part is validated by comparing the simulated
and observed concentration of water quality concentra-
tions at some observation points. Selection of the loca-
tions and times in the case presented in this Chapter were
made on the basis of consistent availability of observed
water quality data. Once satisfactory correlation between
observed and simulated values were confirmed statisti-
cally, future simulation for both water quality and hydro-
logical parameters were initiated.

Parameter Initial Value Step
Effective precipitation 100% +0.5%
Runoff/infiltration ratio 50/50 15/5
Household discharged water quality parameters o
concentrations both at the observation site and river head X'mg/L or CFU/100ml *0.5%

Tutorial

Risk assessment (For water quality component)

WEAP (Water Evaluation and Planning) model is used based on the following benefits:

WEAP

Water Evaluation And Planning System

i d Planning Syst
! v STOCKHOLM
LS

ENVIRONMENT
BRIDGING SCIENCE AND POLICY SINCE 1989

Freely available for developing countries

A highly flexible hydrologic-water quality model

WEAP can model large number of pollutants

GIS-based, graphical drag & drop interface

INSTITUTE

Scenario management capabilities

Expected outcome

With scenario based simulation, we will be able to It will also help to identify what are the suitable

predict what will be the future situation of the water mitigation/adaptation measures for improving this
environment water environment and what is the best strategic lo-
cation to establish these infrastructures as counter-

measures
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The WEAP model framework and model structure are shown in the two images below.

Looking in to the flowchart of the model framework, it has four major components viz. WEAP model set up (schematic dia-
gram and data input), calibration, validation and finally simulation. Structure of the model consists of four components e.g.
schematic diagram, data input, scenario analysis and finally evaluation of scientific data for policy formulation (providing
credible scientific evidence for policy formulation).

e |nitial data preparation (GIS layers, river cross section, water quality, hydro-
meteorological parameters, wastewater management infrastructures etc.)

WEAP * Model set up was done for the base year (2013) using Rainfall-Runoff method
model set )
up
. . . . . . . P . \
¢ Model calibration using trial and error trial on hydraulic (effective precipitation,
runoff/infiltration), and water quality (BOD) parameters
Calibration e Satisfactory statistical performance
/
e Correlation between observed and simulated data for both hydraulic and water
quality parameters
Validation » Satisfactory statistical performance
/
N
e Scenario building [two scenarios: a) Business as usual, b) With measures]
/
Policy recommendation based on the scientific findings for making robust future
plans for water resource management
| Flowchart showing work framework.
a) Spatial boundary(cltyadmlnlstratlveboundary river stretch within the city); b) Time Horizon (2013 -2030); c) System components (Different nodes like }Schematlc
); (d) Network (each node will be linked with different inks viz. return flow,
runoff/infiltration, transmission), all nodes and links are based on mass balance equation
(a) Demand and ion (based ion and per capita water consumption/day); (b) River runoff (function of river cross section at }Data
T [ T ne e mor o e et g ey quality at river head; (d) WWTPs (Pollutant removal facilty works as  function of sewerage
collection rate and ; (e) Simulation (calibration and validation)
WEAP
components

Both scenarios are based on currentaccount Sce nario
(a) Business as usual (Here main input data will be change in populatlon and precipitation from 2015 onwards)
(b) With measures (Here main input data will be change in pre llection rate and capacity of WWTPs)

(a) Pollutantloading } Evaluation
(b) Efficiency of existing policies and plans

| Flowchart showing model structure.
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Steps needed prior to proceeding with this WEAP tutorial

Before working with WEAP software, download and Copy the “WEAP_training_St_Rosa” folder, contain-
register it from http://www.weap2l.org/. After that, ing the data necessary for this tutorial. Now, you are
you will need to request and procure the free license ready to move on to Step 1 of this tutorial

to proceed.

Step 1. Establish a New, Blank Area.

Open WEAP for the first time. A project area called “Weaping River Basin” will appear. Click on the Area -> Create Area
menu option to make a new, blank area.

A window, as shown below, will appear in which you should click on the “Initially Blank” option. In the next steps, you
will be defining this area for a specific geographic area of the world - so you can name the area based on this selection
if you like (e.g,, St Rosa Area).

PR

= ' \/—C o
RS [ rrrp— Fa'ss A

Diserption of 51 Fiona_pracebosh

L

After clicking “OK” you will be prompted to save changes to the Santa Rosa River Basin. After clicking yes, you will get
the following screen:

Sy w rx“":l.h'a:

1 WEAP: 5t Rosa_guidebook
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3 Click “OK" again. In the next screen, you will select the geographic area for your project from the world map that ap-
pears. Use your cursor to draw a rectangle around the area that your project will represent. The boundaries will ap-

pear as a green rectangle as shown below.

You can redraw you green rectangle to best capture the area you want in this view. Click on “OK” when you are satis-
fied with your area boundaries. Note that you can modify these boundaries later by choosing “Set Area Boundaries”
on the pull-down menu under Schematic on the top menu bar.
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Step 2. Add a GIS layer to the Area

You can add GIS-based Raster and Vector maps to your project area - these maps can help you to orient and construct
your system and refine area boundaries. To add a Raster or Vector layer, right click in the middle window to the left of

the Schematic and select “Add a Raster Layer” or “Add a Vector Layer.”

| W wias: o moes_guisssock
| Aes Bdd Vew Genersd Sechemabe Tagi Advanced Help

Mt Al WIAP Otjects
Shew Al Background Liyess
Hide Al Background Layers
Lock Schematic
Change Pricsiy View

[ = JESLENE .

s, |HR Copy Schomatic ts Cipboard...

A window will appear, in which you can navigate to the “WEAP_training_St_Rosa” folder. Add the “SantaRosaSubwa-
tershed.shp” file in this folder. After adding the file it will look like as follows:

Next, add the “waterwaysSR.shp” file, which contains the river network in the study area. And now toggle off the other

background layers like country, cities, state as shown in the figure below

e - .
- Far
2

[a]
Tage
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Step 3. Setting General Parameters

Now we're going to proceed with learning how to navigate through WEAP and its functionalities.

g Click “General” from menu and using drop down menu select different options and set the different parameters like to

set Years and Time Steps.

m Set the Current Accounts Year to 2013 and the Last Year of Scenarios to 2030. Set the Time Steps per year to 12. Set the
Time Step Boundary to “Based on calendar month” and starting in January (see below) Keep the default (SI units) for

now.

Here the year 2013 will serve as the “Current Accounts” year for this project. The Current Accounts year is chosen to
serve as the base year for the model, and all system information (e.g., demand, supply data) is input into the Current
Accounts. The Current Accounts is the dataset from which scenarios are built. Scenarios explore possible changes
to the system in future years after the Current Accounts year. A default scenario, the “Reference Scenario” carries
forward the Current Accounts data into the entire project period specified (here, 2013 to 2030) and serves as a point of
comparison for other scenarios in which changes may be made to the system data.

= ; m‘:"_u “Vears aned Time Steps x
¥ Cther Supety Tiwe
¥ @ Demand Site -
¥ @ Cotchment Cusreet e vase| 53] ] Tle  |Abbeer. |Length| Boges | Emds
@ Wastewater Treatment Plant = = P = T
- Runolff/Infiltrsticn Lt Vear of Scanasios 30 5 A ¥
Selnarn Zfreeurey  [Feb 31k zFes
— R 3 March Mt I 1Mar 31Mar
[l ¥ Run of Rrvs Hydeo Tirrse Sbeps pee Vear 4 April Ape 30 1hgs  30Apr
¥ Flow Reuirement e 5 May May M 1May 31 May
2 -
W Stre v Gage & June Jun 300un  30kun
|  Add Leap Days? Tl Jul Al N
=] [[Ocewmey = " < < -
e Gioaan & Auguit B N 1Awg  3Aug
L] | 9 September  Sep W 1%p  HWSep
e | | T San Eiondey b ;
e+ - & | @ T [ b T 10 Oetober Oer Hioa Hoa
| Al time steps are equal bength
@ S s ot oy Tire Step Name Format: [Oeaber Gt 5
Water Veas Start S e o o
| [famsey =
o 7 b o oo |
td . "
- . " n .
n Similarly, under “General”, the units also be set.
[¥ River [
- ,\ 7 ¥ Diversion
) a Reserveir Uinits for S iosa_guidebook x
Sehematic ::;‘;:"":"“: Derand IR Pesevcie | Gioundwais | OherlocalSuppies | LandUse | W Tresmart | Moratary |
ther Suppi J
¥ @ Demand Site
ESE  |#® Cachment o
EES | @ Wasmenster Treatment Plact Mo =] foes
: Tuml“.‘lnfﬂulll:: M Flow Fingyan 'ﬁ :m
* — Hetum Flow ey | —
H:l o o v o Franch Grourxdmates beflom | Thoussnd =] =3
: : ;‘I::”rmm;a'::: Feach Suface Watet Inflow - Il'JﬂS -
— —| Stagt s Widh n -
| T = " e ;
] Dedan v Dt Mokt fin -
Tags: + ¥ v
. - Uit Dliestions... o Clese
) g | 7 7
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Next if we want to do the simulation of water quality parameters, we need to select general—water quality parameters
and must click enable water quality modeling. By default, WEAP will simulate temperature, BOD and DO.

Water Quality Constituents x
P o ' Enable water quality modeling +  Add = Delete
e |7 M Groundwstes
- -
. . g‘!"':m Hame Scale I Load Unit Ccnoum.n'an| Calculate By
-9 e T

C [
BOD " gl
0o kg gl

e {Data]

¥ & Sreamficw Gauge

[t

Ceten

Tigs: + ¥ or

/g .,' m 77 -

™ However if we need to add other parameter, we can do that after click add button and adjust units as our observed data
as shown below.

¥ Enable wales uasity medeing 4+ Add | = Deete
Schamatic
Hame | Scale | Losd Unit (wm!ﬂ‘im{ Ealculate By | Decy Rate Mste G
S (per day)
I.i i. i. (Tempersture < 3 Tenpersture [Dats) Ertered o3 dita fer eachreach |
=S | @ Wastewater Trestrment Pty i g 0D Model Biochemical anygen demand |
- ety UMY oo b ] 10 Model [ — |
¥ - Teansmission Link . 2 -l e - o |
 — Retum Flaw i ] churiOoml  churitml Censenvatre (o Decay) |
H:l ¥ s of River Hydr
¥ % Flow Requirement
W o Straamow Gauge
T O <ounts [
= ry r reps
a5 Eis Skl e e ety commituent: *
L
Mos + - ¥ @ T e [

T | e |

| of Clese

Step 4. Save a version of your Area

Select “Save Version” under the “Area” menu. After saving all the files will be saved in folder named as WEAP area
where your set up file are there.

Save il
[y
Save Versmn... mient Flan

Pevert to Version L ol
Manage Scenarios L/

Edlt User Infs

Change Language
AeFd A

0O Wk
E
i

& BN 2

I

oge + - o | & ¥
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Step 5. Entering Elements into the Schematic
First, we will draw a River
Click on the “River” symbol in the Element window and hold the click as you drag the symbol over to the map. Release

the click when you have positioned the cursor over the upper left starting point of the main section of the river. Move
the cursor, and you will notice a line being generated from that starting point.

Important Note- The direction of drawing matters: the first point you draw will be the head of the river
from where water will flow. You can edit the river course later on by simply clicking-moving any part
of the river to create a new point, or right-clicking any point to delete it.

In the next several steps, you will draw the main river, drawing from the upstream (upper left) to the downstream (lower
right) area, clicking once to end each segment that you draw. You can follow the line of the river as closely as you like,
or you can draw a less detailed representation (below). Note though, that how closely you follow the actual course of
the river will have implications for the performance of certain functionalities in WEAP. For example, if you plan to
model water quality parameters along the river, it would be advantageous to construct the river element as closely
as possible to the actual river course, because WEAP will need to calculate residence times in the river (a function
of reach lengths) to perform water quality simulations. Zooming in on the river (using the zooming bar in the lower
schematic window) can help if you want to follow the rivers path more closely. You do not need to draw a river on the
branch coming horizontally from the left. You can also adjust the river later if you want to add more detail.

m First deselect country and other information not necessary for the schematic diagram development.

n Click on the symbol river in the element window.

W Vi Gessl Gihestx Topt Advasced Mg
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Please start your drawing from the point which you consider as upstream (around the lower left area shown in the red
box below). Try to draw the river as shown in the image below. Once you finish drawing the river, double click to end
the drawing. A window will appear ask you to name the drawn river. Put the name you want.

General Info X

River

Name |t Rosa_guidebook
Optional Label for Schematic l—
(Use; for line break) 5t Rosa_guidebook

ﬂ Now remove background layer of river network from GIS layer we have imported before as shown below.

R oF B s
(% Flow Raquarement
 # Sarensilow Gauge

Now to adjust the size of river node in compare to the model domain, click onset WEAP node label size as a dropdown
menu under schematic tab.

66




:!] Adjust the size putting curser on the zooming tool shown below. Once satisfied click OK.

m ¥® Catchmant
E== [+ Wasbowster Treatment Plart

¥ Runefi/lafiratien

Change WLAP Hode Siae

o o X Caneel

n Now set the label name using Set WEAP Node Label Size under Schematic. Adjust as per your wish.

drea [dt Veew Genral Schemaic Tags Advanced Help
7 [EEEN ¢ st vectsiLipere.
#| [#— Dwvesien
7 S
S Gipunded 591 v Brundarios
Sehematic
St WEAP Hode S
St WILAP lode Latsel San.
Set “Actioin Cument Aczourts™
Cotchment Dalneation Mate
Fites v
u Hide AN WESP Objects
Shw A8 Bntiogrtnd Layess
Hcke A8 Rsckgrend Layers
= Losk chertic
P! 2l Chumge oty View )
Tl e Scheratic tn File.
a Ry Copy Sthematic 1o Chphoad.-

As river name is not appearing on the screen, right click and select move label. And with cursor you can move the

placement of the label wherever you want.
m e //gj >
H:l . e / - \f\\
S "
% s |
2 —
\J ) / e
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“ Finally it will look like screen shown below.

Step 6. Enter Data for the Main River

There are two ways to navigate to the data entry section of WEAP to enter data for the Main River. Let’s try them.
E Right-click on the Main River and select Edit data and any item in the list.

Switch to the Data view by clicking on the Data symbol on the left of the main screen. Select: Supply and Resources/

River /Main River in the Data tree. You may have to click on the “plus sign” icon beside the Supply and Resources
branch in order to view all of the additional branches below it in the tree.
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n Alternatively, you can use the Tree pull-down menu and select “Expand All” to view all branches.
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Entering Elements into the Schematic

@ The “Inflows and Outflows” window should be open - if it isn't, click on the appropriate button. Click on the “Headflow”
tab.

n Click on the area just beneath the bar labeled “2013” in the data input window to view a pull-down menu icon. Select
the “Monthly Time-Series Wizard” from the drop--down menu.

24

7 ek | 1

= e
) s -
L]

3

n Use the Monthly Time Series Wizard and enter the following data series:
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m Note that as you enter each data point, the data is shown graphically also. Do not input or change any other data yet.

Push Finish to close the wizard.
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Note- WEAP divides up rivers into reaches (segments). Originally your river has only one reach; as you add with-
drawal and return points, WEAP will automatically create new reaches.
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Step 7. Create an Urban Demand Site and Enter the Related Data

Creating a demand node is similar to the process you used to create a river. Return to the Schematic view and pull a
demand node symbol onto the schematic from the Element window, releasing the click when you have positioned
the node on the left bank of the river (facing downstream) inside the administrative boundary of the study area
shown in black line. Enter the name of this demand node as “St Rosa” in the dialog box, and set the demand priority

tol.
Catchment
® \Wastewater Treatment Plant || Ceneral Info X
- Runoff/Infiltration
¥l — Transmission Link Bermarel e
¥l — Return Flow
H:l ¥ mmRun of River Hydro Name [St Rosa
V1% Flow Requirement .
+ Stresmflow Gauge Optional Labe for Schematic. [7—o—
(Use; for line break)
[ ijte."’“;?m " [¥ Active in Current Accounts?
admint
O S .
riority on Transmission Link?
Tags + - & | @ P
Demand Pricrity [1
% Note: 1 is the highest priority, 99 is the lowest
? Help & Einish | X Cancel |
/ / St Rosa_guidebook

Right click on the Big City demand site and select “Edit data” and “Annual Activity Level” This is the alternative way
to edit data, rather than clicking on the “Data” view icon on the side bar menu and searching through the data tree.
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Note- The Demand Priority represents the level of priority for allocation of constrained resources among multi-
ple demand sites. WEAP will attempt to supply all demand sites with highest Demand Priority, then moving to
lower priority sites until all of the demand is met or all of the resources are used, whichever happens first

You must first select the units before entering data. Click on the “N/A” under Unit in the Annual Activity level tab. Pull
down the arrow that appears, select “People”, and click “OK.”

LULTEPWERIEVER Annual Water Use Rate | Monthly variation | Consumption

Annual level of activity driving demand, such as agricultural area, population using water for domestic purposes, or industrial output.
Demand Sit|2013 [scale  Junit |
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... Share
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r.] In the space under the field labeled "2000” enter the Annual Activity Level as 296619.
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n Next, click on the “Annual Water Use Rate” tab and enter 300 under the year 2013.
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Note- The monthly variation is expressed as a percentage of the yearly value. The values for all of the months
have to sum up to 100% over the full year. If you don't specify monthly variation, WEAP will prescribe a monthly
variation based on the number of days in each month. We will not edit these values for the city demand, but we
will edit them later for the agricultural demand.

n Finally, click on the “Consumption” tab and enter 15. Note that the units are pre-set to “percent.”
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Step 8. Create an Catchment and groundwater supply for the demand site

Pull the catchment node symbol into the project area and position it on the river head and name it as “C". But during

the complex simulation, we can divide whole study area in to different sub-catchments. It will be used to generate
river discharge and runoff.

m Tick the box for active in current account.

Diversion
Reservoir
(v M Groundwater
(v ® Other Supply

Wastewater Treatment Plant | | Senera! Info
Runofff nfiltration

Transmission Link

Catchment

Name |C

Run of River Hydro

=

% Flow Requirement
# Streamflow Gauge

Optional Label for Schematic

(Use. for ine break) |
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 Finish I X Cancel |
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n Now we add groundwater supply, as we will assume people in the study area consume only groundwater
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Runoff/Infiltration
Transmission Link

Return Flow

Run of River Hydro

Flow Requirement

+ Streamflow Gauge

General Info

Groundwater

Name |G

Optional Label for Schematic
(Use; for line break)

=

G

1 —waterwaysSR "
W[ adminSR

T Mfine Bicer

Tags + - | @ 9

[¥ Activein Current Accounts?

 Einish Cancel
X

1=
CN

? Help

it

St Rosa_guidebook

A

r.'] Add a wastewater treatment plant and named as WWTP.

¥ i Reservor

B Groundwater {1} y .
¥ ¥ Othee Supply f
# ® Demand Sue (1)

v

B
/ !
® Catchment (1) S | -
@ Wiastevates Treatment Plar |
| Runctihiatan 1l ] {
. ~

Trassimisiion Link [1)
— Retre: o (3}

 mRun of River Hydre

L

¥ Dsaelow Gage
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# O] adminSR
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b

S -

L ]
R

Note - For all nodes we should tick the box active in current account except WWTP. As we will make one sce-
nario with proposed WWTPs.
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Step 9. Connect the Demand with a Supply

You now need to tell WEAP how demand is satisfied. This is accomplished by connecting a supply resource to each
demand site. Return to the Schematic view and create links to connect catchment, groundwater, river and demand
sites. Do this by dragging the different links e.g. Transmission Link first to a position on the groundwater, releasing
the click, then pulling the link to demand site and double clicking on this demand node.

H Create a Runoff/infiltration link to connect catchment to river

JE

Schemani

* @ Demand See (1)

EEE | |~ ® Catchmens (1]

S5 |V Wameaates Trastmant Dlara

p_Funotinniasa it |

¥ Trarmission Link

- Ratuen Pl

H:. ) B of River Hydrs
¥ Flow Regquirement
# o Stresmilow Gauge

il

General Info X
Transmission Link from G to 5t_Rosa

v Active in Base Year?

Supply Preference I 1

X Cancel |

n Create a Return flow link to connect demand site to river.

m Create a flow link to connect demand site to WWTP, and a Return flow link to connect WWTP to river.

Note- Position of runoff/infiltration link con-
necting catchment to the river matters a lot.
St Ros# (1) Be aware that the position you will release
the click of runoff/infiltration link, will be
considered as river head in the model by de-

WWTP fault.
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Step 10. Entering the data

H Select “C” in the assumption tree, first select catchment method. Ideally soil-moisture method is best suitable meth-
od to calculate runoff as it divides the aquifer in two layers vadose zone and saturated zone mimicking the real world
situation more closely. However number of input data is quite huge. In this case (St Rosa), because of data scarcity, we
have selected rainfall-runoff (simplified coefficient method).

St Rosa |15 Percent | St Resa 15 Pescerit |
1 Sefect Catchiment Method 1 Select Catchment Method E
1 Select methed for caleulating rumoff and imigation demands | Select method for calculating runedf and imigation demands |
et Himority]

o | © Rainfall Runcft (simpified ccefficient method) J & Raindall Runofl (simpidied coefficiert method]

1 | " Imigsticn Demands only (simplfied coeflicient method) 4 | " Inigation Demands only (simpified coefficient method)

3 | Rainfsl Runcff (scd moisture method) ‘J. " Raindall Runoff (soil moisture method)

1] | 7 MABIA (FAQ 56, dual KE, daily) 1| MABIA (FAD 56, dual KC, dsily)

i|c (dady; COL wates stress effects) 1] | € Plant Growth (daily; COZ wates snd tempesatiare stress effects)

" "

{ CZEe { 7ue Coree |

‘h———-———-—-—-’ ‘:"'_—————————-‘

Data for catchment “C”

m Now give the values for the area of each land-use/land cover type in the study area. Click data Click C click add and

add “Agriculture”, “Builtup”, “Grassland”, and “Tree” land-use/land cover types.
y Assumptions Data for: | Current Accounts (2013) | |#& Manage Scenarios (]l Data Expressions Report
mand 5ites and Catchments S - - - -
¥ { Land use Climate ) Loss and Reuse) Yield ) Water Quality )
d Rename Area Kc | Effective Predipitation |
p| = Delete... .
i Enter the land area for branch, or branch's share of land area from branch above.
Sort by M Il levels bel
h orehy arne(.a sEsliE Range: 0 and higher
Sort by Name (just one level below) Demand Sites and Catchmentl?_OH Scale IUnit I
{4 Lock c ‘ km”2 |
% CutBranches
Copy Branches Table | Motes | Elaboration |
B2, Paste Branches
Area
+ AddTag to Branch
= Remove Tag from Branch
# TagPainter : ’ - - - —
Kc | Effective Precipitation
Expand All
Collapse All Enter the land area for branch, or branch's share of land area from branch above,
Outline Level Range: 0 and higher
o Demand Sites and Catchment| 2013 Scale IUnit |
&g Font..
C km"2
Agriculture km"2  /square kilometer
Builtup km*2  /square kilometer
Grassland km*2  /square kilometer
Tree d km*2  /square kilometer
Table | Notes | Elaborationl
Area

n Now within Land Use Tab, fill all the area information for all the land use types, as shown below.
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W Maenthly Data: ©

- aBY

SR 313 et

Tge + - # |9 DF

WILAR: 29193 | Area: St Rosa_quidebcok | 011203 {morshiy)

n Enter the monthly precipitation values, shown below
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m Now click on the climate tab, and open the precipitation monthly time-series wizard.
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Next, click the water quality tab. We can give the input in terms of either intensity or concentration of the water qual-
ity parameters. We will use concentration, setting a value of 12 mg/1, as shown below.




m Now we will give water quality data for the river, but first we have to enable the water quality module within the river
as shown below.
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n Now give the value of distance marker and river cross section. For distance marker, as the length of river investigat-
ed is 25.5 km, put “0” below river head flow and 25.5 km for the tail flow point.
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“ For the river cross section, click flow stage width as shown below, and give all the input data shown below.
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n Now give values for WWTP as a mitigation measures. We gave value for its treatment capacity, removal rate for dif-

ferent contaminants (e.g. BOD as shown below), which we have analyzed in this study as shown in below figure.
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Step 11. Generate different scenarios

Now once the reference scenario is done, we can start building scenarios to include drivers and pressures which have
potential to impact water quality in the future. For our simulation case of Santa Rosa, we have built scenarios includ-
ing population growth, climate change, mitigation measures i.e. installing wastewater treating infrastructure.

To build new scenario, click manage scenario, a new window will pop up, where we need to put the name of scenario.
Then the message will be asked that this scenario is based on. Select reference as shown in the image below:
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Once new scenario is built, then we need to change the concerning parameter in the new scenario, while keeping
other parameters same as reference. For example, for a scenario considering population growth, annual activity or

population value will be increased from the reference year to the target year as shown in figure below.

Create a new scenario called popgrowth (2014-2030). Enter the following population values for the years 2014-2030 (in

the Annual Activity Level tab):

- ,\_‘l LAY AipanpmOE ~ || Dutafor | sopqrowts (X14-20K JH Magage Scomanics (L] Duts Epressions Raport Dl
|7 (warthe i) Coeain ) o ) Garard ragumors | WaboGonity ) Gou ) ity ) A Year St Rosa
o s e Wt | cnmrorn 2013 296619
e e 1 2014 310293
- i i e o 2015 324598
IR e | | 2016 338328

AT

- s 2017 352639
L [ 2018 367556
A : 2019 383104
s g 2020 399309
L ; 2021 415880
= . 2022 433139
sem 2023 451115
2 . 2024 469836
2025 489334
o . . : . . 2026 509005
Similarly, when can build scenarios to incorporate the impacts of climate 2027 s20467
change, land-use change, and new WWTPs. If you'd like to run these differ- 2028 550752
ent scenarios, please see the “WEAP input data readme.doc” file inside the 2029 572892
WEAP_training_St_Rosa folder for the values to input. 2030 595922
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Step 12. Run the model (Calibration, validation, simulation)

Once done with data input and saving the model, press result button. There will a pop-out message which will ap-

Confirm *

Results are out of date. Do you want to recalculate now?

Current Accounts and Reference require calculation.

1 Yes I No Cancel

Emor x

g Demand Site setun flow fractions must sum to 100 percent. bn this case, the sum is 220 percent.

‘Seenarie: Curvert Acteunts
Wear: 313

Month: Janusy.
Wariable: Runctf Fraction

=

pear is “Results are out of date. Do you want to recalculate now?” as shown below. Press yes.

After running the model, we might encounter messages like the following:
Demand site return flow fractions must sum to 100 percent. In this the sum
is 200 percent. It means I have missed allocating the wastewater going to
WWTP for the treatment and remainder coming back to the river as dis-
charge.

Click Ok and rectify the issue in the window that will pop out thereafter.
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shown below.

m Click from StRosa from dropdown of return flows on the left side of schematic diagram.
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Now again press result for model simulation, and new window will pop-up showing result for water demand as
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Now select the desired parameters from the dropdown menu to see the simulated result like water quality as shown

below.
a - i
™ ! i :
al ! - .
H .
H | H
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™ We can change the chart type like bar, line, stack etc. based on our interest just by clicking and selecting it from side

menu.
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We can also export this simulated result data as an Excel sheet by right clicking on the windows and exporting these
data sets in to the desired folders. Later you can edit these output to draw different graphs as per your convenience.

5§ We can also change the type of graph we wanted to display like no comparison, relative to population growth, land
use land cover, climate change, and different mitigation measures as shown in the drop down menu shown below.
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Example: relative to climate change means reference scenario result in compare to climate change scenario
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We can also display the graphs in different ways by selecting the option as shown below. Here result is shown in

terms of data along with map.

o

ﬂ The excel file will look this the screen shot shown below.

Once satisfied with schematic diagram development for problem domain and giving all necessary input data re-

formance.
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For calibration, following steps were
used for two parameters (effective pre-
cipitation and runoff/infiltration ratio)
and the result is shown in the Table be-

Mar-13
] [ t 0 o ]
Q02653272 0014505234 DIES008932 QUISMEZING 0500052915 2120910184 IOANES01F 2412366142 ZTANGTTT Z4G3ETO4
Q0114085 OOOSOR43AZ Q15IBLATE OOTRESSGES OFSATEMA 1316025 2496356415
Q011004055 Q005084362 QU1S3B442TE QOTBESSTSS OFS4TIRMT 1316253025 24963564156
0003607513 QOOITEOIE Q1247IEE1S
Q0086513 QODITEGR3 DIMTIEEIS DOSIOTZS0T 0246195031 11S021B&ES 2361475092
QOH0HOTT O00131215ES DOATE0ZY QORTIIAANE Q40222030 OTIATINZY 1593150720

2 Scenarlo: Reference, River strosa, All months (12), Wi Constituent BOD

Age-13 May-13 Jen-13

Q061012507 OM6195031 1150218485

Ml-13

231475092

fug-13 Sep-13 Oct-13
0 0 0

18478EA0
1647288902
1430728842
1430728842
14007508

195552895
1935328033
1770040516
1770040516

[T

185172713

17T

1EAITITIIE DEXIE2ATIE

DA04ZIT403

Mew-13
o

quired for simulation, calibration followed by validation need to be done to estimate the credibility of the model per-
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Summary of parameters used and steps for calibration in this study.

low.

i Final calibrated
Parameters Initial value Steps value for St Rosa
Effective precipitation 100% +0.5% 93%
Runoff/infiltration ratio 50% +5/5 55/45

eters are significantly related.
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Once statistically satisfied with the model calibration, the next step is validation. For validation, we can compare the
observed to simulated values of the water quality parameter(s) from base year to current year.

Here, the result of the validation in our study is shown in figure below. It is found that observed value for both param-

(b)

= Observed ® Simulated

St_Rosa_l

us St_Rosa_MS St_Rosa_DS

Location

Summary of validation for two water quality parameters i.e. BOD and E.coli



Finally, after validating the model, we can analyze the results of the model simulations. Simulation results for two
water quality parameters i.e. BOD and E.coli are shown in the two figures below. These figures were produced by ed-
iting the exported data from the model using Microsoft Excel. Please create similar charts using Microsoft Excel or
your choice of spreadsheet software. As you have only considered the population growth scenario in this tutorial,
your outputs will be a bit different from those shown below.

Simulated Water quality (considering Population growth, Climate change and LULC change) ~ Upstream
St Rosa US
St Rosa MS
100 St Rosa DS
20 m 2015 m2030_pi Downstream
20 2030_pi_cc45 2030_pi_cc85
W 2030_pi_cc45_Ic ™ 2030_pi_cc85_lc
70
=
= 60
g 50
8 40
o
30
20
»| gl
0 - B = - — 5 - = B = -
St_Rosa_US St_Rosa_MS St_Rosa_DS
Location
100000000
12015 H2030_pi 2030_pi_cc45
10000000 M 2030_pi_cc85 M 2030_pi_cc45_lc ™ 2030_pi_cc85_lc
1000000
=
g 100000
Q
Q 10000 Here, 2015- current condition, 2030_pi — Scenario with
E population growth only, 2030_pi_cc45 — Scenario with
L 1000 _ _ _ population growth and climate change (moderate RCP
% 100 4.5), 2030_pi_cc85 — Scenario with population growth
ﬁ and climate change (extreme RCP 8.5),
10 2030_pi_cc45_Ic — Scenario with population growth,
climate change (moderate RCP 4.5) and land use/land
1 cover change, 2030_pi_cc45_Ic — Scenario with
St_Rosa_US St_Rosa_MS St_Rosa_DS population growth, climate change (extreme RCP 8.5)
Location and land use/land cover change
Congratulations, you've learned how to perform water quality simulation using WEAP!
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Chapter 6: Habitat Quality Im-
pact Assessment Using InVEST
Software

Habitat Quality and Dedradation Potential

Value
L everte] mm  High Potential : 0.18

B Low Potential - 0

Overview of this chapter

Land-use changes can affect biodiversity positively (e.g. restoration of a degraded
forest), negatively (e.g. conversion of a natural area to built-up land), or in mixed
ways. The spatial pattern of the land-use changes is also impactful. For example, if
alarge forest patch becomes very fragmented, there may not be enough food, water,
and other resources in the smaller forest patches for the remaining plants and ani-
mals to survive. In other words, these species lose their home, which is scientifical-
ly referred to as "habitat”. This chapter will show you how to create your own maps
of the current and future habitat quality, i.e. the ability of the landscape to sustain
biodiversity, using free Geographic Information Systems (GIS) and ecosystem ser-
vices modeling (InVEST) tools. These maps can help you to conserve the valuable
biodiversity within your watershed.

After completing the chapter, you will be
able to:

Perform basic data collection and pre-process the data

Estimate and map habitat quality using the InVEST ecosystem service model

82



Main concepts

What is Habitat Quality?

Habitat quality refers to the ability of the ecosystem to
provide conditions appropriate for a species to survive
(based on the amount of resources available for survival,
reproduction, and population persistence) (Hall et al 1997).
Simply put, high habitat quality supports the propagation
of native biodiversity. In this module, we will learn how to
conduct habitat quality modeling using the InVEST mod-
el. The InVEST model utilizes habitat quality as a proxy
for a more detailed biodiversity assessment, which gener-
ally requires more time and cost to conduct (e.g. due to the
need for intensive field data collection and sampling). In

What is INVEST model?

By this time, you must be curious about the InVEST mod-
el. InVEST stands for integrated valuation of ecosystem
services and tradeoffs. This is a suite of spatially-explicit
ecosystem services modeling tools developed by the
famous Natural Capital Project of Stanford University.
InVEST is a set of 26 biophysical models (many others are
under development), which can be run independently, or
as script tools in the ArcGIS/ ArcTool Box environment.
All of these models are spatially explicit, and thus, use
maps as input and generate maps as output. It feeds on
spatial information, while the scope of non-spatial infor-
mation that can be incorporated is more restricted. All
of the calculations in InVEST are done at the pixel scale
(e.g. a 30 meter x 30 meter grid cell for many commonly
used land-use maps). Yet, there are several advantages of
using InVEST models. Firstly, they are seldom data inten-

Where do you find InVEST download links?

other words, InVEST'’s habitat quality model provides an
indirect assessment of the impacts of land use changes
on biodiversity, i.e. how land-use decisions will contribute
to the degradation/restoration of biodiversity. Within the
InVEST model, habitat quality is determined principally
by four factors: the relative impact of each threat to biodi-
versity, the relative sensitivity of each habitat type to each
threat, the distance between habitats and the sources of
different threats, and the degree to which the land is le-
gally protected from these threats.

sive, and therefore applicable even in data-deficit regions.
The spatial resolution of this model is also very flexible,
allowing users to operate at any scale, ranging from local,
regional, to even global. This gives it an advantage over
conventional ecosystem service modelling tools, which
are generally bounded by scales and require a lot of pri-
mary data generation. However, as there is no functional-
ity in InVEST for manipulating or viewing the map inputs/
outputs, we need to use other GIS software like QGIS or

ArcGIS to prepare the map inputs and view the modelling

INVEST

results. Therefore, to operate In-
VEST, a basic understanding of
GIS software is necessary. Please
refer to Chapter 2 for informa-
tion on how to use QGIS for data
preparation and viewing.

integrated valuation of
ecosystem services
and tradeoffs

The current version of InVEST is 3.7. This can be downloaded from the following link. However, it is recommended to work
on previous version (e.g. 3.6), as the current version may be still under development and may lack some functions.

Model download page:
User Manual:

Brief Overview of InVEST Habitat Quality Model

The InVEST Habitat Quality Model is one of the core mod-
els under the InVEST Suite, which aim to determine con-
servation of biodiversity using landscape patterns and
fragmentations, using land-use and biodiversity threat
maps as proxies. As mentioned, InVEST HQ models habi-
tat quality and rarity as proxies for biodiversity, ultimately
estimating the extent of habitat and vegetation types
across a landscape, and their state of degradation. Within
the InVEST environment, Habitat quality and rarity are
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a function of four factors: (a) the relative impact of each
threat to biodiversity, (b) the relative sensitivity of each
habitat type to each threat, (c) the distance between habi-
tats and sources of threats, and the (d) degree to which the
land is legally protected from these threats. The model
operates on two basic assumptions: that the legal protec-
tion of land is always effective (which may or may not be
the case, in reality) and that all threats to a landscape are
additive.




How it works?

The InVEST Habitat Quality model combines informa-
tion on land-use/land cover and threats to biodiversity to
produce habitat quality maps. This approach generates
two key sets of information that are useful in making an
initial assessment of conservation needs: the relative ex-
tent and degradation of different types of habitat types in
a region, and changes across time. This approach further
allows rapid assessment of the status of and change in
habitat as a proxy for more detailed measures of biodiver-
sity status. If habitat changes are taken as representative
of genetic, species, or ecosystem changes, the user is
assuming that areas with high quality habitat will better
support all levels of biodiversity and that decreases in
habitat extent and quality over time means a decline in
biodiversity persistence, resilience, breadth and depth in
the area of decline.

The habitat rarity portion of the model indicates the ex-
tent and pattern of natural land cover types on the current
or a potential future landscape vis-a-vis the extent of the
same natural land cover types in some baseline period.
Rarity maps allow users to create a map of the rarest hab-
itats on the landscape relative to the baseline chosen by
the user to represent the mix of habitats on the landscape
that is most appropriate for the study area’s native biodi-
versity.

The model requires basic spatial data that are available
almost anywhere in the world, making it particularly

Tutorial

In the following tutorial, you will learn how to run the
InVEST model using sample data prepared for the Santa
Rosa watershed, Philippines. In practice, habitat quality
modelling typically requires data preparation in a GIS en-
vironment before inputting it to InVEST. For instance, to
run the InVEST model, we need to derive maps of various
threats to biodiversity (e.g. based on distance to roads or

7
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useful in areas where species distribution data are poor
or lacking. Extensive species occurrence (presence/ab-
sence) data may be available in many places for current
conditions. However, modeling the change in occurrence,
persistence, or vulnerability of multiple species under
future conditions is often impossible or infeasible. While
a habitat approach leaves out the detailed species occur-
rence data, several of its components represent advances
in functionality over many existing biodiversity con-
servation planning tools; The most significant being the
ability to characterize the sensitivity of habitat types to
various threats. Not all habitats are affected by all threats
in the same way, and the InVEST model accounts for this
variability. Further, the model allows users to estimate
the relative impacts of each threat, so that threats that
are more damaging to biodiversity persistence can be
represented as such. For example, grassland could be par-
ticularly sensitive to threats generated by urban areas, yet
moderately sensitive to threats generated by roads. In ad-
dition, the distance over which a threat is likely degrade
natural systems can be incorporated into the model. Mod-
el assessment of the current landscape can be used as an
input to a coarse-filter assessment of current conservation
needs and opportunities. Model assessment of potential
LULC futures can be used to measure potential changes
in habitat extent, quality, and rarity on a landscape and
conservation needs and opportunities in the future. For
more details regarding the model functions, please see
the InVEST use guide manual.

urban areas), land-use map(s) and the level of perceived
threat (in grid, or raster, map format). If you have experi-
ence with GIS, preparing spatial data for InVEST is rela-
tively straightforward. Here, we will show how to run the
InVEST Habitat Quality model, as well as how to prepare
and view the input/output data in QGIS.

Open QGIS and start a new project (Click Project -> New).

Refer back to Chapter 2 if you are unsure how to access or open QGIS.



n Add a map of streets.

First, we will add a streets map of the study area. Click the “Layer” menu and then the “Add vector layer” icon. Navi-
gate to the folder “HQA _DATA\Data for pre-processing” and add the Roads_2014.shp file to the map.
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n Add a map of the land-use

Next, we will add the land-use/land-cover maps of the study area, including the year 2015 and 2025 (projected) land-
use/land-cover maps. The process is similar to Step 2. Click the “Layer” menu and then the “Add raster layer” icon.
Navigate to the “HQA_data/ InVEST HQ Modeling/” folder and add the 2015_LU.tif and 2025_LU.tif files. You can recol-
or these land-use maps as desired for visualization purposes (refer back to Chapter 3 if you can't remember how to do
this).

m Add the “Processing” plug-in for QGIS.

Click on the “Plugins” menu and then click “Manage and install plugins”. Click in the box next to the Processing
plugin to add plugin to QGIS. Then click “Close”.

(2 Plugins | Installed (12) X
Q [gearch...
i Installed | Coordinate Capture This is a core plugin, so0 you can't uninstall it
+ & DB Manager - N
5 Notinstalied L0 Coordinate Capture 2
[y Geometry Checker Capt dinates in diff. t CRS
apture mouse coordinates in differen
- Georeferencer GDAL
Install from ZIP H
= GPS Tools
% GRASS 7 Category Vector
* Settings @ MetaSearch Catalog Client Installed version Version 0.1

i OfflineEditing
+ 4 Processing
<z Raster Vision
& Topology Checker

Upgrade All Uninstall Plugin Reinstall Plugin

Close Help
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n Generate a “threat map” by applying a 100 meter buffer to all streets

a. Click on the “Vector” menu, highlight “Geoprocessing Tools”, and then click “Buffer”. Make sure the “Roads_2014" is
selected as the input layer, and set the Distance to 100 meters.

b. Save the output to the “Habitat Quality modeling/outputs” folder as a .shp file named “streets_buffered”. Finally,
click “Run”. This should create a new polygon shapefile, with polygons showing all areas within 100 meters of ex-
isting roads. For this tutorial, we assume that these areas within 100 meters of roads are likely to experience great-
er threat to biodiversity (e.g. due to noise, air pollution, and/or physical disturbances of the landscape).

n Convert vector shapefile to raster (.tif) file

Click on the “Raster” menu, highlight “Conversion”, and click “Rasterize (Vector to Raster)”. Set the input layer as the
buffered shapefile, set the “Fixed value to burn” to 1 (indicating all pixels within the buffer zone will have a value of 1
in the output raster image). Set the “Output raster

S [ oeenpepvey S———
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size units” to Georeferenced units (indicating me-
ters, in this map), and set both the cell width and
cell height to 30. For output extent, click .. and
then “Use layer extent”, and select “Roads_2014"
as layer the layer extent (click OK). Next, click on
“Advanced parameters”, and set the Output data
type as “byte” (binary values). Finally, under “Ras-
terized”, click the ... icon and “Save to file”, save
the file as streets_buffer.tif.

You have now successfully prepared this threat map for input to InVEST to perform habitat quality modeling. In
a real setting, the next step would be to repeat this process for the land-use mabp, by generating additional buffers
around land-use types that pose threats to biodiversity (e.g. built-up areas). The procedure is the same. Inside the
Habitat Quality modeling folder, you can find shape files for agriculture and urban areas for 2015. You can repeat the
same procedure as mentioned above. All output files should be saved in the threat folder. Here, we will skip this for
the sake of brevity, and move on to the procedures for using these input datasets in InVEST.

- - B ' Habitat Quality: loaded from autosave - (] w
[,'] Open INVEST Habitat Quality Model ety
File Edit Development Help
From the Windows “Start” menu, scroll down and INVEST version 3.7.0 | Model documentation | Report an issue
click “InVEST 3.6” (or whichever version you have)
. . +  Workspao ta\Documentsihabitat_guality kspace, 3
and then “Habitat Quality”. The screen shown be- rlepace biatDocumentthabat ol worlspece
. Results suffix (optional) (i ]
low will appear.
Current Land Cover {Raster) 0O o
Future Land Cover (Raster) (Optional) O e
Baseline Land Cover (Raster) (Optional) D (i ]
Falder Containing Threat Rasters o e
Threats Data I3 0
Accessibility to Threats (Vector) (Optional) O e
Sensitivity of Land Cover Types to Each Threat, File (C5V) O e
Half-Saturation Constant o
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n Set the “Workspace”

The next step is define the workplace, i.e. the folder containing all of the raster map input files. Please note all of the
new files you generate using InVEST will also be saved here. To save time, we have prepared all of the necessary data
in the “HQA _data/ InVEST HQ Modeling” folder, so please set it as the workspace.

“ From the InVEST HQ Modeling folder, select the Current Land Cover map (2015LU.tif) and Future Land Cov-
er map (2025LU.tif).

Optionally, if you have a base map (such as an old map), you can use it as reference by setting it as the Baseline Land
Cover. Otherwise, please leave it blank. Remember, all of the land-use maps need to be of same spatial resolution and
should have the same categories of land use classes.

“ Select the folder containing all of the threat maps (“Threat rasters”).

InVEST will automatically find each one in the threat maps in the user-specified Folder, based on names in the
Threats data table. Please set this folder as the “HQA_data/ InVEST HQ Modeling/Threat Rasters” folder. As men-
tioned earlier, threat rasters are maps with values ranging from 0 to 1, with values of 0 meaning that a particular
pixel has no influence on habitat quality (i.e. pixels farther than 100 meters from a street, given the threat map gen-
erated in Steps 5-6), whereas values of 1 means the pixel has a high threat (i.e. pixels within 100 meters of a street,
given the map generated in Steps 5-6). Logically speaking, if we construct a road, the threat value should gradually
fade as we go further from it. Here, we have included three threat rasters: one based on the distance to roads (within
100 meters = high threat), another based on distance to built-up or urban areas (within 200 meters = high threat), and

another based on distance to agricultural areas (within 200 meters = high threat).

Road_Shapefilein UTM Euclidian Distance Reclassify to values

Streets shapefile (left), 100 meter buffer around streets (middle), and final threat raster map (right)

LU map in vector Built-up layer (2014) Euclidian Distance Reclassify to values

hetween ) and 1

Land-use shapefile with built-up areas extracted (left), 200-meter buffer around built-up areas (middle), and final
threat raster map (right)

Agri layer (2014) Euclidian Distance Reclassify to values
between 0 and 1

Land-use shapefile with agricultural areas extracted (left), 200 meter buffer around built-up areas (middle), and final
threat raster map (right)
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“ Set distance decay functions and weights for each threat

In the threat data column, you need to put a .csv file (threat.csv) with decay functions and weights of threat classes.
Please navigate to the HQA_data/ InVEST HQ Modeling folder and select Threats.csv for this parameter. Decay func-
tions can be exponential or linear. You can use a

consultative process of experts to determine the o o Page Layout  formuiac  Data

e X Cut

maximum distance where the impact of roads, S segoll 11 A X x| B Whn Tad
. . Pt o BT U-E-[f-A 252 Elmegeacener - $-% 9 480 Condional
urban area and agriculture area are applicable. For -~ """ o ) s, i Eeenatea s
instance, urban areas have more impact (weight) - 5
on habitat degradation compared to roads. There- A 8 C D ! F G H ! )
. . MAX_DISTWEIGHT THREAT DECAY
after, you can use decay functions either exponen- 2 lub  exponental
1 0.5 agri linear

tial or linear, as deemed suitable. This means that

1

2

3

4

. . . 5

the influence fades out linearly or exponentially. 6
o

8

9

“ In the sensitivity column, please add the sensitivity.csv file.

Please note that in practice, these Excel files need to be prepared using literature survey and/or consultative work-
shops. For instance, you can use Simpson and Sharon diversity indices as proxies to create the sensitivity values
for each land use classes. For this, you can use any recent biodiversity survey reports or conduct the survey as your
own. In the sensitivity file, we need to identify the

habitat class (whether the specific LU class is a

habitat or not, identified by 1 and 0), then, provide = % TR TR e i RN
relative influence (in a scale of 0 to 1, where 1is " oy B 7 Y- - 2-A- 5 Egencoie - $-% 9 83 ol
highest inference) of each land use class on the s : N

others. For example, forest (which is a habitat in == z : = £ 3 = = = = = :
this case), is heavily influenced by urbanization 1 wic  name HABITAT Lurb  Lagri

and moderately influenced by agriculture. You can ; ];lrtb:s: ? n;: a:

put relative scoring based on expert judgment or & s I

your own demarcation criteria. The excel file, as Sheaflod L8 M

shown below, needs to be saved as .csv file. Also, 3

as shown below, please see the naming require-

ments. Set the “Half-constant” parameter to 0.5.

m Click “Run”!

You will see the following window if all your model parameters are readable by the computer. If not, an error mes-
sage with suggested changes will appear.

INVEST version 3.0 | Mord documentation | Begert an ke -
B Rursrinsg Habsitat Guabty 7 -

" Running Habitat Cuality 7 s

¥ Werks| Masasom (INFO ond bgher): ¥ o

Messages (INFO and higher):

2019-08- 26 09:59:02,036 habitat_gualityexecute{533) INFO Finished habitat_quality |
biophysical calculations )
036 model,_logged_target(1642) INFO Exscution finished

042 utits prepare_workspace(115) INSO Elapsed time: 40,275

0159 execution.run{B3) INFO Execution finished

309 usage._log_eit_status(225) WARNING an exception
log_exit_status [Erma socket error] [Ermo 10060] A connection
attempt failed because the cornected party did not properly respond after a period

of time, or established connection falled because connectid host has falled to

26 D656 4TS habitat Quakpesscube| 180 INFO Sreatrasher oot C:
4 GO "

| | INITATIVE ot Gty e meckisle st ¢ abgrecl 1
ETER"prrm e mp—— e LTS

v o] ] Conn mordaseh ofter st

O 000D G e
e & & 2 2 & & & 9

®
[

Model completed successfully. | [

NN After couple of iterations, your model finally completes. The

following window will appear if it is completed successfully.
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n Open the output maps using QGIS

Navigate to the specified workspace folder. You will see an output folder within your working folder. You will find a
series of processed maps inside it. There are two types of maps, which will give you the desired information on (1)
current and future habitat quality (quality_c.tif and quality_{f.tif) (2) current and future degradation potential (deg_
sum_c.tif and deg_sum_{f.tif). You can display these file in QGIS by clicking on the “Layer” menu, highlighting “Add
Layer” and clicking on “Add Raster layer”.

The Habitat Quality map shows the relative level of habitat degradation based on the current and future landscape
(i.e. the land-use that exists, the spatial pattern of the land-use, and the threats present). Higher values indicate bet-
ter habitat quality as well as the distribution of habitat quality across the rest of the landscape. This quality score is
unitless and does not refer to any particular biodiversity measure. For degradation potential, a high score in a grid
cell means habitat degradation in the cell is high relative to other cells. These cells are susceptible to the loss of
biodiversity. You can use different colors and examine the output closely. This is your final modelling product and
allows you to compare the habitat quality for both the current and future. Here, we show these final outputs for the
current (2015) land-use below.

Habitat Quality and Dedradation Potential

Fopasom  emso]

Value
koo ramwop] weem High Potential : 0.18 - hrowm

B Low Potential : 0

0153 6 9 12
s mmm Kilometers

Congratulations, you've learned the basics of habitat quality mapping using InVEST software!
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Chapter 7: Identifying and im-
plementing countermeasures
to reduce land-use and climate
change risks
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Overview of this chapter

As discussed in the previous chapters, land-use changes can exacerbate the im-
pacts of climate change, e.g. by causing increased soil erosion and more rapid rain-
fall run-off when vegetated areas are converted to impervious/built-up urban areas.
The participatory watershed land-use management (PWLM) approach presented in
this guidebook provides a framework to assess these impacts, and aids in designing
appropriate climate change adaptation measures with local governments and other
relevant stakeholders. Previous chapters have focused on the scenario development
and impact assessment steps of PWLM. The focus of this chapter is to provide some
guidance for adaptation measure development and implementation, utilizing the
results of the different impact assessments. It is based mainly on lessons learned
from our case study in the Santa Rosa watershed in the Philippines.

In this chapter, you will learn:

How to identify countermeasures through a participatory process;
About potential technologies and funding sources for climate change adaptation;

About mechanisms for enhancing collaboration between local governments for better
watershed-level planning, e.g. through the establishment of watershed management
councils and payment for ecosystem service (PES) schemes.
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Main concepts

Science-based climate actions can be aided by the use a
framework that involves several key elements including:
identifying potential future climate change scenarios;
assessing the impacts of the predicted changes; devel-
oping, appraising, and prioritizing management options
(e.g., policies, measures); mainstreaming the options into
development planning; implementing the options; and
monitoring and evaluating the progress and results of the
implementation (Endo et al,, 2017). The PWLM approach
presented in this guidebook incorporates these elements
in its four steps. The first two steps of PWLM (Scenario De-

velopment, and Impact Assessment) represent the (mostly)
technical aspects of this framework, while the third and
fourth steps (Countermeasure Development, and Climate
Resilient Land-use Planning and Implementation) repre-
sent the policy aspects. In this chapter, we demonstrate
how these third and fourth steps of the PWLM approach
can be implemented through a case study of the Santa
Rosa Watershed of the Philippines. This case study is pre-
sented here because the local governments made several
remarkable achievements, including:

Identifying land-use change/climate change countermeasures at a watershed scale;

Incorporating these measures in their land-use plans;

Developing a watershed management council to better manage land-use and climate
change impacts at the watershed scale; and

Completing training courses on the use of several impact assessment models/software.

Countermeasures to reduce land-use change and climate
change impacts are, by their nature, site specific, so the
measures presented here should be taken as some good
examples rather than “best practices”. What is important
is that the countermeasures identified contribute to: en-
hanced collaboration between municipalities, better land-

use planning and management at the watershed scale (e.g.
to reduce land-use change/climate change impacts on all
communities in the watershed), and capacity building to
enable government staff to make better decisions related
to climate change/land-use change, among other things.

Case Study of Santa Rosa Watershed

Introduction

The Santa Rosa watershed is a watershed at risk of im-
mense degradation; In the past two decades it has under-
gone massive land-use changes brought about by rapid
urbanization and industrialization (Lasco & Espaldon,
2005; Magcale-Macandog et al,, 2011), and further land-use
changes are expected in the near future. The watershed
consists of four local government units: Silang (upstream),
and Santa Rosa City, Biflan, and Cabuyao (downstream).
These municipalities have experienced a boom in indus-
trial zones, commercial establishments, and high-to-me-
dium end residential developments because of their
proximity and good transport links to Metro Manila and
Southern Luzon. The watershed plays an important role
in the entire region of Calabarzon, one of the most popu-
lated regions in the Philippines, because it drains into the
Laguna de Bay Lake. The lake is important source of water
and livelihood for the communities. It is also important
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for various economic sectors, serving diverse functions
for the fishery sector, providing irrigation water for agri-
cultural sector, serving as transport route for lakeshore
dwellers and some other products, generating energy for
hydroelectric power and other industrial uses. But the
rapid growth in commerce and population is a potential
threat to water resources due to loss of recharge areas
and wetlands (WWF, 2009), reducing natural capacity of
the subwatershed to retain water and hold rainfall during
rainy days. It has already resulted in widespread flooding
due to excessive runoff from upland areas or from rising
lake levels, which were triggered by Typhoon Ondoy in
2009 (Tongson, 2012). Other environmental problems from
unsustainable growth in Santa Rosa include water scar-
city in urban areas and water pollution in the lake. Ulti-
mately, flooding, water scarcity and pollution affect the
households and livelihoods of the communities.




Participatory countermeasure identification

In the Santa Rosa watershed, countermeasures to reduce
future land-use change/climate change impacts were
identified through consultation meetings with local
officials from the City/Municipal Planning Office, City/
Municipal Environmental Office and City/Municipal
Engineering Office of the local government units (LGUSs)
located within the watershed. The participants from each
LGU were grouped together in one table. The results of
the scenario and impact assessments (covered in Chap-
ters 4-6) were presented in the form of maps and charts.
The scenarios shown were the current land-use (derived
from recent satellite images) and the future land use (for
the period ~2025-2030) based on a participatory mapping
done in Step 1 of the PWLM approach (Chapter 2).

Using this information, the LGU officials were asked to
discuss among themselves to identify the actions that
can be taken to address these land-use change/climate
change impacts in their locality. The countermeasures
could be tailored based on their local physiographic con-
ditions, population distribution, needs, future develop-
ment plans and availability of resources. They were asked
to write their identified countermeasures on notecards,
and when completed, all of the notecards were collected
and displayed at the front of the meeting room. A repre-

Priority countermeasures

Having considered the impact of future development and
climate change in terms of flooding and water quality,
the LGUs devised three categories of priority measures to
reduce the negative impact of these changes: Zoning en-
hancement measures, river rehabilitation measures, and
capacity development measures (Table 7.1).
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sentative from each LGU then presented and explained
the identified countermeasures to the whole group (Figure
7.1). In this way, the countermeasures could be shared
among all LGUs in the watershed. Finally, there was a
question and answer/discussion section to identify and
summarize the priority/common countermeasures at the
watershed scale.

Consultation meeting with LGUs:
Climate change measures

Figure 7.1. Consultation meeting with LGU officials and iden-
tification of countermeasures to reduce the negative impacts
of land-use change/climate change.

Firstly, improving zoning ordinances aimed to ease and/
or evade flood risks by, for example, regulating develop-
ment and relocating informal settlers in highly flood-
prone areas. Runoff mitigation measures (including tree
planting, green roofs/green parking lots) were also sug-
gested to be mandated when forest or agricultural land
is converted for other purposes, so-as to reduce flood im-
pacts and mitigate water quality degradation (e.g. due to
increased erosion or runoff of pollutants).



| Table 7.1. Priority measures to reduce the negative impacts of land-use change/climate change on flooding and water quality.

Measure

Description

Action

Land-use / land-cover

Zoning enhancement

To avoid and alleviate climate
impact, and to sequester carbon
dioxide

Enforce development controls and
strengthen building codes (e.g.
elevated flooring) in areas highly
susceptible to flooding

Construction of floodwalls.

Devise relocation plan for informal
settlers in flood-prone areas.

When forest or agricultural land is converted to
built-up areas, mandate runoff mitigation
measures such as tree planting, green parking
design, water-permeable paving, and vegetated
roofs.

Take actions for the strict enforcement of zoning
ordinances.

Harmonize land-use among the local governments
to make the river basin more resilient to
climate-related disasters.

River rehabilitation

To increase water retaining
capacity and reduce erosion (e.g.,
reforestation, river cleanup,
dredging, and riverbank
reinforcement)

All areas

Regular river cleanup

Upstream area

Protection and improvement of environment
through replanting of endemic and indigenous
plant species

Midstream area

Proper zoning and land use planning
Rehabilitation of easement and riverbanks

Slope protection along riverbanks

Downstream area

Control encroachment of settlements in easement
areas

Dredging of sediments
Solid and liquid waste management
Planting of endemic and indigenous plant species

Improvement of drainage

Capacity development

To build and strengthen the ability
of local government to design and
implement climate actions

Needs assessments (NA) on CCA,
CCM, disaster preparedness and
management

Develop survey/assessment instrument to
determine the needs for training and public
awareness activities; Conduct the NA.

Development of campaign materials
and training modules for CCA, CCM,
disaster preparedness and
management

Develop campaign materials and training modules
for CCA, CCM, disaster preparedness and
management.

Conduct of trainings and events

Organize trainings and events to increase

awareness and preparedness.

In regards to river rehabilitation, a number of ecosys-
tem-based and structural countermeasures were iden-
tified as priority countermeasures. Foremost of these
countermeasures was river rehabilitation through dredg-
ing, river clean-up, and slope protection of river banks.
The Santa Rosa river is the major drainage system in
the watershed. Figure 7.2 shows that it contains many
narrow streams and tributaries (<10 meters width) in the
upstream areas that feed into the main river that culmi-
nates at a dam (Macabling dam). Beyond the dam are nar-
row (Figure 7.2) and shallow (Figure 7.3) irrigation canals
and drainage canal systems that supply irrigation water
to rice fields in the downstream area since the Spanish
colonial era. These canal systems are not designed for
urban drainage, and easily overflow during heavy rains/
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typhoons, resulting in frequent flooding in the city. Solid
wastes dumped in the riverine channels tend to clog the
narrow drainage channels, which further exacerbates the
risk of flooding. Thus, reqgular river and drainage clean-
up was decided as necessary to allow the free flow of rain
water and run-off water to minimize occurrence of flood-
ing in the city. River dredging was another countermea-
sure to increase the river depth in the downstream area
and thus increase the carrying capacity of the riverine
system. The riverbanks in the upstream and midstream
areas of the river system are prone to riverbank erosion,
particularly during the typhoon season (Figure 7.4). Thus
slope protection of river banks through reforestation of
upstream areas and riparian areas will minimize the risk
of river bank erosion.




Silang-Santa Rosa River Width Silang-Santa Rosa River Depth
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Figure 7.2. Santa Rosa river width. (Source: Zafaralla et al,, Figure 7.3. Silang-Sta. Rosa river depth. (Source: Zafaralla et
2012) al, 2012)

Figure 7.4. (a) Depth of flooding and debris, and (b) eroded river banks of Sta. Rosa-Sil-
ang River. (Source: Zafaralla et al., 2012)

Lastly, the LGUs proposed that training activities should be implemented to strengthen the capacity of local government
staff. This includes the assessment of training needs and the development of training materials. Along these lines, a se-
ries of training workshops were organized in 2019-2020 (photos shown in Figure 7.5) to build the capacities of the LGU
staff to conduct their own land-use change and climate change impact assessments using the free models/software pre-
sented in Chapters 3-65 of this guidebook (QGIS, WEAP, InVEST). Participants who completed these trainings were given
certificates, and technical support was provided to help the LGU staff utilize these tools for their planning processes.

Figure 7.5. Training workshop for LGU staff on impact assessment models/software
(right) and water quality analysis methods/tools (right).
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Proposed projects for implementing the identified measures

As part of the identification of countemeasures, immedi-
ate actions were also proposed according to the needs of
each local government (Table 7.2). To avoid and alleviate
flood risks, it was suggested that the building codes in
high-risk areas in the downstream area (Santa Rosa City)
be strengthened and that Land Developer’s guidelines
be prepared in the upstream municipality (Silang) to im-
plement runoff mitigation measures where forest and/or

| Table 7.2: List of proposed projects.

agricultural land is converted. Watercourse management
projects in the downstream basin were also recommend-
ed to maintain and improve watershed protection func-
tion (i.e, flood alleviation, water retention ability) of eco-
system. Additionally, the activities for operationalizing an
integrated watershed management council (IWMC), called
the Santa Rosa Watershed Management Council, were
proposed.

Project

Objective

Activity

Expected output

Proponent

building codes in
high-risk areas to
protect people and
assets

mandate runoff mitigation
measures

Administer legislative actions
to request for approval

Monitor/ supervise compliance

and implemented

Operationalize Operationalize Council meetings Rules of procedure/ institutional Laguna Lake Development
Integrated Watershed IWMC les of d arrangement established Authority
Management Council Rules of procedure Initial activities designed/
X nitial activities designe
TWMC
( ) Action plan initiated
Joint activities
Monitoring / supervision
Watercourse Enhance Riverbank reinforcement Water retention ability of river Bifian,
management watershed dai system maintained/ improved Cabuyao,
protection Dredging Santa Rosa LGUs
function River cleaning
Afforestation & reforestation
Local building codes Strengthen Draft local ordinances to Local building codes devised Santa Rosa LGU

Land developers
guidelines

Promote
sustainable land
development and
conversion

Draft administrative guidelines
for the private sector to
implement runoff mitigation
measures

Organize IEC to familiarize
stakeholders of proposed
guidelines

Monitor/ supervise compliance

Developers guidelines devised
and implemented

Silang, in cooperation with
Santa Rosa LGU
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Identifying funding opportunities for proposed projects

The next step after identifying these actions/projects is to
look for potential funding agencies to support and finance
these projects. Two possible external funding sources
were identified for this financing: one national fund called
the People Survival Fund (PSF), and one international
fund called the Green Climate Fund (GCF). The PSF is spe-
cial fund in the Philippine National Treasury that financ-
es climate change adaptation programs and projects. GCF,
on the other hand, is a dedicated fund set up by the United
Nations Framework on Climate Change (UNFCCC) in 2010
to help developing countries reduce their GHG emissions
and enhance their ability to respond to climate change.

A series of planning workshops with the LGU officials
of the Sta. Rosa-Silang subwatershed was conducted to
brainstorm and plan for the development of a proposal
for PSF. The outline of the People’s Survival Fund (PSF)
proposal was designed in one of the planning workshops.
The projects that were included in the PSF proposal were
the identified action projects presented in Table 7.2. A
Technical Working Group was established to discuss the
PSF proposal. Parallel to these planning workshops with
LGUs is the conduct of consultation meetings with the La-
guna Lake Development Authority (LLDA) and the Climate
Change Commission. The objectives of the meetings with
LLDA were to present and discuss the framework of the
proposal for PSF as well as to seek support and involve-
ment of LLDA in the project implementation. One of the
major concerns in the packaging of the proposal is the
submission of the proposal by multiple LGUs and LLDA.
At one point, the idea of LLDA as the lead implementing
agency of the project was explored. The development of
the PSF proposal underwent several drafts and improve-
ment by the researchers (IGES-UPLB team), LGUs and
LLDA. Consultation meetings were also done with the
Climate Change Commission to gather more information
about the funding scheme, requirements for the proposal
submission and to explore the possibility of submitting
a proposal by multiple cities. A draft of the PSF proposal
was shared with CCC for initial comments.

Development of GCF project proposal based on this proj-
ect is under consideration and still early stage. CCC is the
National Designated Authority to endorse all proposals
for GCF. CCC looks at the quality of the proposal before
endorsing to GCF. Land Bank is the national accredited
entity implementing GCF projects. One SAP (Simplified

International Capital Market Association:

Climate Bonds Initiative:

The Green Bond Issuance Promotion Platform:
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Approval Process) project, “Multi-Hazard Impact-Based
Forecasting and Early Warning System for the Philip-
pines” has been approved by GCF secretariat in Novem-
ber 2019 in Philippines. The project will strengthen the
Philippines’ ability to adjust to climate impacts, and im-
plement long-term climate risk reduction and adaptation
measures. It will build on best practice in multi-hazard
early warning systems and link with forecast-based ac-
tion to maximize impacts on the ground. This includes
climate-resilient development planning and investment
(GCF website: https:/www.greenclimate.fund/project/
sap010). Further information on GCF proposal develop-
ment and the process can be obtained from GCF official
website (https://www.greenclimate.fund/)

Aside from external funds for projects, green bonds are
another important future opportunity of fund raising
from private sector and local government. Green Bonds
are defined as “Bonds issued in order to raise finance for
climate change solutions and labelled as green by the
issuer. They can be issued by governments, banks, mu-
nicipalities or corporations and can be applied to any debt
format” (Climate Bond Initiative 2018). Green Bonds have
been rapidly spreading in the world. The amount of global
Green Bond issuance was USD3.1 billion in 2012; however,
in 2018, issuance grew to USD167.3 billion (Ministry of
the Environment based on data on the CBI website). The
Securities and Exchange Commission (SEC), Philippines
has approved on 16 August 2018, the “Guidelines on the
Issuance of Green Bonds under the ASEAN Green Bonds
Standards.” These Guidelines set out to adopt the ASEAN
Green Bond Standards and provide for the rules and pro-
cedures for the issuance of ASEAN Green Bonds in the
Philippines. The eligible Green Project categories includes
but are not limited to 1) Renewable energy, 2) Energy effi-
ciency, 3) Pollution prevention and control 4) Environmen-
tally sustainable management of living natural resources
and land use, 5) Terrestrial and aquatic biodiversity con-
servation, 6) Clean transportation 7) Sustainable water
and wastewater management, 8) Climate change adap-
tation, 9) Eco-efficient and/or circular economy adapted
products, 10) production technologies and processes and
11) Green buildings. These categories all can involve/cover
the adaptation options identified in this Chapter. Further
information on the trend of Green Bond can be obtained
from following websites:



Potential adaptation technologies

Since this project was supported by the Ministry of the
Environment of Japan, it is possible to introduce adap-
tation technology developed in Japan, another country
facing climate related disasters in recent years. The
Japanese government publishes technologies owned by
private companies on the Climate Change Adaptation
Platform (A-PLAT:

a)

SA

2 yE0

WS

In addition, Santa Rosa city previously developed “Land
Developers Guidebook for the Santa Rosa Watershed” in
2011 with support from WWF. It introduces several best
storm water management practices (1. Reducing impervi-
ous surfaces, 2. Low impact development, 3. Water deten-
tion ponds, 4. Grass filter strips, 5. Grassed swales, level
spreader, 7. Rock-line channel, 8. Check dams, 9. Sediment
basin, and 10. Sediment trap). Effective use of the results
and outputs of such past projects is also important.

Figure 7.5. Training workshop for LGU staff on impact assessment models/software
(right) and water quality analysis methods/tools (right).

Enhancing collaboration between local governments for watershed-level planning

An Integrated Watershed Management Council for the
Santa Rosa watershed was formalized by the signing of a
Memorandum of Agreement (MOA) among the mayors of
the four LGUs in the watershed and the General Manager
of the Laguna Lake Development Authority (LLDA) (Figure
7.7). This became the very first watershed management
council established in the entire Laguna Lake basin, and
aims to harmonize land-use and make collective efforts
to address weather-related disasters at the watershed
level. The council members include the LLDA (national

government agency to provide oversight/coordination)
and the four LGUs, as well as water utility companies,
river councils, NGOs, and private companies (including
Asia Brewery and Malayan University). Since 2017, with
the election of the IWMC officers led by LLDA, the council
is conducting quarterly meetings to create and implement
the integrated watershed management plan. The continu-
ing success of the IWMC lies in the continued commit-
ment and active participation of its members.

Figure 7.5. Training workshop for LGU staff on impact assessment models/software
(right) and water quality analysis methods/tools (right).
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Incorporating countermeasures into land-use plans

The local governments in the Santa Rosa watershed are
in the process of revising their Comprehensive Land-
use Plans (CLUPs), following not only the Republic Act
No. 9729 stipulating that climate change shall be main-
streamed into government policy formulations (Congress
of the Philippines, 2009), but also the national guidelines
requiring that local climate change actions shall be main-
streamed into CLUPs (Housing and Land Use Regulatory
Board, 2013). Upon the approval by the Housing and Land
Use Regulatory Board and the Sangguniang Panlalawigan

(i.e. provincial assembly), the CLUPs serve as the basis
for formulating the local Comprehensive Development
Plan (CDP) and Local Development Investment Programs
(LDIP) (Housing and Land Use Regulatory Board, 2013). It is
essential that the scientific information provided through
these types of impact assessments be incorporated into
these local plans. Notably, the City of Santa Rosa revised
their CLUP based on the climate change countermeasures
and flood hazard maps produced using the PWLM ap-
proach (Figure 7.8.) (City of Santa Rosa, 2016).
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Fig. 7.8. Revised CLUP of Sta Rosa City (2018-2026) and the incorporation of the
PWLM outputs for countermeasures to climate change.

Potential for payment for ecosystem services (PES) schemes at the watershed scale

Finally, payment for ecosystem services (PES) schemes
were mentioned to be of interest by the LGUs in the Santa
Rosa watershed. The downstream LGU (Santa Rosa City)
was particularly interested in providing payments to the
upstream LGU (Silang) to conserve the natural habitats
around the river so-as to mitigate flooding and maintain/
improve the river water quality. However, they expressed

that PES is difficult to implement for many technical and
non-technical (political and legal) reasons, as well as due
to lack of experience among the LGUs in regards to PES.
To support these PES efforts, a series of concept notes on
“Economic analysis in the Santa Rosa watershed: Scoping
the possibility for a payments for ecosystem services (PES)
scheme” was written with the following parts:

. Understanding the Theoretical Framework of a Payments for Ecosystem Services (PES) Scheme

. Considerations in designing PES schemes: Targeting Ecosystem Service Buyers and Sellers

. Considerations in designing PES schemes: Establishing Ecological Linkages and Valuing Ecosystem Services

. Considerations in designing PES schemes: Determining the Price of Ecosystem Services and Funding for PES

1
2
3
4. Considerations in designing PES schemes: Land Management Options for PES Schemes
5
6

. Considerations in designing PES schemes: Establishing Payment Mechanisms

7. Overview of PES Cases in the Philippines

Please see Appendices for these write-ups.
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Conclusion

In this final chapter of the PWLM Guidebook, we have presented a case study to demonstrate how countermeasures, iden-
tified through the PWLM approach, can be identified and then implemented to increase the resilience of coastal commu-
nities in climate hazard-prone regions. We sincerely hope that this guidebook, including the various tutorials included in
it, can help you to identify the future impacts of climate change and land use change in your own locality, and to develop
policies and projects to reduce these future risks.
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