FP6 - 511231
é AQUASTRESS
6.3 - Global Change and Ecosystems

“'!:ui"ll»

AquasStress

Mitigation of Water Stress through new Approacleebitegrating Management,
Technical, Economic and Institutional Instruments

Integrated Project

D4.4-5
WS-Framework
Water Stress Framework Tool
For the 1°S (Version 1.0)

Due date: M48
Actual submission date: M48
Start date of project: 1-02-05 Duration: 48 months

Deliverable Lead contractor:
(Organisation name)

WP Participant(s) (Partner short
names)

Deltares

Deltares and Cemagref

Author(s) Michiel Blind and Maria Manez
in alphabetic order:

Contact for queries: Michiel Blind

Michiel.Blind@deltares.nl

Dissemination Level RE
Deliverable Status: Achieved
(1) (PU=PUblic, PP=Restricted to other Programmaati¢®pants, RE=REstricted to a

group specified by the consortium, CO=COnfideraialy for members of the
consortium)

Abstract

This document provides the manual of the WS-Framework tool, which is used to
assess the level of water stressin a site or region. It is based on the scientific insights
on participatory water stress assessment devel oped within WB2 of AquaStress.

This document contains information, which is pretary to the AQUASTRESS

Consortium. Neither this document nor the informatcontained herein shall be

used, duplicated or communicated by any meansydhaml party, in whole or in
parts, except with prior written consent of the AQRITRESS consortium.



AQUASTRESS

The i*S Document Series

WS-Framework

Water Stress Framework Tool

For the I°S (Version 1.0)

AquaStress

Mitigation of Water Stress through new Approaches to Integrating Management, Technical,
Economic and Institutional Instruments

Contract FP6 511231



FP6 - 511231

@;2(_ AQUASTRESS

6.3 - Global Change and Ecosystems

Title WS-Framework
Water Stress Framework Tool

Editor

Authors Michiel Blind (Michiel.Blind@deltares.nl)
Maria Manez (Maria.Manez@cemagref.f

Current version V1.0

Date 12/01/2009

Status Final © Aquastress

Copyright All methodologies, ideas and proposals

this document are the copyright of t
Aquastress project participants. The
methodologies, ideas and proposals n
not be used to change or improve
specification of any project to which th
document relates, to modify an existi
project or to initiate a new project, witho
first obtaining written approval from thos
of the Aquastress participants who own

“'!:ui"ll»

in
he
2Se
nay
the
is
ng
ut
5e
the

particular methodologies, ideas and

proposals involved.







Aquastress © 2009

Preface

AquasStress is a EU financed integrated project 328@08), within theme “6.3.
Global Change and Ecosytems”, of the Sixth Framkw®rogramme. The
overarching goal of AquaStress is to improve thdeustanding of water stress from
an integrated multi-sectoral perspective. The ptojeackles one of the most
challenging and intransigent problems facing watanagers — how best to combine
the wide variety of existing and new analysis, antdigation options to deliver
optimal and adaptable solutions. Scientific focusnf{s within the project are the
participatory process, water stress characterizamal option assessment.

The AquaStress project is divided in different wogkblocks (WB) as specified in
the project document (www.AquaStress.net). The iomnssf Working Block 4 (WB4)

is to bring together the key science and knowlealgputs of AquaStress work blocks
in a computer based infrastructure and to delikesé outputs to the user community
and hence assist stakeholders resolve problemagafiem water stress. Moreover,
the mission of WB4 is to facilitate the selectiorogess of water stress mitigation
options by providing a suite of tools that can etifeely support a variety of steps in
such a process.

This document provides the manual of the WS-Framlevwaol, which is used to
assess the level of water stress in a site ormedfias based on the scientific insights
on participatory water stress assessment develojieth WB2 of AquaStress.

Further information

Further information on the Aquastress project carfdund on the project website:
http://www.aquastress.net
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Introduction

Water Stress is as much about factual shortageatdrvof appropriate quality as it is
about the implications of this shortage and thecggaions and opinions of water
users. ‘Perception’ is easy to understand if onagimes the following indicator for

domestic water stress: Available water per camtaday. In western countries 50l per
capita per day will certainly be classified as wastress, since domestic water
consumption typically lies well above 100l. Howeveeople in deserts will certainly
assess this amount as a water rich situation.

A key point of departure of the AquaStress projgat the need to approach water
stress in a participatory process. Essential focessful participatory processes is a
common understanding of water stress and a joiiortefo identify, evaluate and
implement water stress mitigation options. Henchenva local or regional water
stress mitigation process is carried out in a pi@dtory setting, it is important that the
assessment of the water stress is carried oupantecipatory setting. This implies that
standard quantitative indicators to assess watessstare not appropriate, and local
indicators need to be selected.

The second essential point of the AquaStress projes that the participatory
approach should involve a broad range of stakemmildeg. originating from the
agricultural, industrial, domestic, tourism sectoasd last but not least the
environmental sector, since ‘nature’ or ‘ecology a ‘stakeholder’ as well.
Consequently, when selecting indicators the diffesectors need to be represented
and balanced. Furthermore, one should sitinguisterdnt domains within these
sectors, such as quantity, quality, institutionah@aptive capacity, infrastructure and
society & equity. These different domains refledfedent aspects within a sector
which provide insight in the water stress situation

Since one cannot easily deal with all these differ@spects AquaStress WB2 has
developed a Water Stress Framework which allowaricatg all these aspects into
first of all spider diagrams which show severe watwess is, and second the
AquaStress Water Stress Index, a single value septmg the local water stress
situation.

Researchers in WB2 were aware that the use ofataie and its application in the
water sector is already a fact and has become imaportant. In particular,
legislations such as the implementation of the EateVFramework Directive (WFD)
have given prominence to indicators as managenoeig in the water sector. There
are many other water indicators in use today. Mddhese are single indicators of
water quality, which for a long time have been #rea of water research. Some
indicators have been combined as measures of gadonensions of water stress,
including the widely used indicators relating theantity of water available to the
amount needed for certain activities. Two well knmownes are, the “Water
availability per capita per year” (this defines gfie thresholds relating to water
shortages : 1700 m3/capita/year or less: watesstrB000 m3/capita/year or less :
water scarcity), and “Water withdrawals” (this icates the degree of stress in a
location, but does not take account of water temsél from transboundary rivers or
international interbasin transfers).

IS Water Stress Framework Tool 9
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There are some frameworks, like the DPSIR (DrivBressures States Impacts
Responses) for water indicators (Jesinghaus, 1989&uments have been made
(European Environment Agency 1999), that the DP@isproach permits the
establishment of causal relationships between huactimities, their environmental
impacts, and the effects of societal responses. dertainly true in some cases, that
such cause and effects can be known (e.g. theblatween lead emissions to the
environment, and its impact on human health), dfettve policy responses have
been the result (e.g. the removal of lead fromgbetA number of authors have put
forward several disadvantages of the DPSIR apprdackome cases, isolated chains
of indicators may not be enough to reproduce theptexity of systems, which tend
to behave more like a network rather than a lirbain (Bossel, 1999), (Rekolainen,
Kamaéri, & Hiltunen, 2003),(Caeiro, Patinho, Cost&a, Ramos, 1999), (Jorge,
Lourenco, Machado, & Rodrigues, 2002).

During the process of the literature review, anddmg on earlier work on index
development (C. Sullivan, Meigh, & Lawrence, 20@5; A. Sullivan, Meigh, &
Fediw, 2002), it was observed that there was sassatisfaction in the use of indices
in general. Statements are sometimes made abauntar being too simple, or not
comprehensive enough, with the methodology notwatlg a sufficient breadth of
knowledge to be included.

As a result the objective of WB2 was to ease th@agament of water stress by
providing a tool for a first assessment of the gnk effect of measures taking by
different sectors to combat water stress. We fatusethe water system’s property
to:

e characterize the water system,

» to describe the water stress situation in the different water sectors,
« to recognize the water stressors and

e to properly act with bundle mitigation options against water stress.

Chapter 0 briefly explains the theoretical basistled Water Stress Framework.
Chapter 0 provides the manual to the Water Stremméwork tool. Getting support
is described in chapter 0.

IS Water Stress Framework Tool 10
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Theory behind the Water Stress Framework

Theoretical background

The reason for building a matrix of information akmbwledge, rather than simply
providing a simple index value, is to provide alakeholders with relevant
information in an open and accessible way. Sincés itvidely recognised that
knowledge is power, it is felt in this work thaktlconversion of disparate data into
comprehensive knowledge is a worthwhile effort, ahd dissemination of that
knowledge to a wide range of users in an easy tienstand way is a prerequisite for
promoting more equitable decision making. Knowledganot always be quantified
in such a way as to be used in a mathematical aay,so the use of a matrix as a
vehicle for combination of different sorts of infeation will enable the knowledge
generated through it to be more holistic and coneviarious disciplines. Furthermore
this approach has the advantage that it takesacttount not only hydrological and/or
physical aspects of defining water stress but atsmal and economic dimension of
water stress.

Key elements of information needed to quantify wateess can be integrated through
the mathematical framework of a composite indidemmework. This framework is
referred to here as the Aquastress Water Stresmelrark (WSF). The values
generated by this framework provide the foundatibhow the level of water stress at
any site can be evaluated. This level of watersstreill be determined by an
interaction of the supply of water (both local angported), and the demand for that
water from different sectors.

The WSF is generated through a combination of taxsp thelntegrated Sectoral
Water Stress Index (ISWSI), which is the part of the WSF able to captthe level of
water stress resulting from sectoral demand, aaéotential Margin (PM), which is
an assessment of the available water resourceysufipg potential margin indicates
the degree of dependency on local and imported rwated the safety margins
remaining available. By combining these two togettiee WSF is derived as follow:

ISWSI
PM

WSF= [1]

The two components of the WSF thus incorporate demand and the supply
elements of the water situation, and are repredemgpectively by the ISWSI and
Potential Margin (PM) (see Figure 1)

The Integrated Sectoral Water Stress Index, (ISWSI) shows the level of water stress
across the different sectors and the type of stasssciated with each sector. The
major anthropogenic sectors to be considered witlaiter management decisions are:
domestic, agricultural, industrial, and tourfsnn addition to these four sectors the

! Tourism includes also services.

IS Water Stress Framework Tool 1
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environment is included, to ensure that a certaigree of water is allocated to the
environment to enable ecological integrity.

For each of these five sectors the possible sowfteess have been identified and
summarised in five categories:

e Quantity

e Quality

* Institutional capacity,

e Infrastructure and

* Social and economic equity.

The ISWSI has been constructed using is a compisie¢ approach as shown in
Equation 2:

Wply + Wy lag +W I+ Wil +welg

ISWSI = [2]

Wp + W, +W, + W +We

Where wis the weight given to the sector i. We agreedl tha ISWSI <1

li is the water stress index for each of the composentors, ie. Domestic (D),
Agriculture (Ag), Industry (1) Tourism services (@pd the Environment (E).

The structure used here is that used in the cangtiruof any composite index. The
indicators are first normalised and then aggregatefibrm aSectoral Water Stress
Index.

% The composite index is a weighted average. There is also the possibility of developing a non-linear
format, and some discussion of this is illustrated in the attached appendix. It is suggested here that the
linear solution is the most accessible by users, and so we prefer the formula shown here.

IS Water Stress Framework Tool 12
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Figure 1: Water Stress Framework
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PLUS any imported water (interbasin transfers, irrigation
channels etc.)

The second piece of information required to cakeuldne AWSI is based on the
concept of thepotential margin. It aims to represent how close the water resources
system is approaching its natural endowment limitsluding, where relevant, any
imported water. This measure is based on the coemsrof a simple water balance.
For the purpose of the calculation of the potentiargin of the AWSI, the water
balance at a test site can be summarised as follows

NBE +IMP =TER + EXP + RRR
Where:

NBE = the totalNatural Baseline Endowment. This refers to all naturally available
water resources for any site or area, which shauttude both renewable surface
water and groundwater. It should take into accalinthe components of the balance
which are naturally available due to the effectivecipitation inside the test site area,
as well as all the waters which enter naturally itite system: river discharge from
upstream, groundwater flow (potentially usableyjrgpdischarge, etc. (see Box 2 for
other descriptions and terms for this concept)

IMP = imports (geographical movement of water to the site). Tinitudes the water
which is imported from outside the test site (dsi@ns, desalinated water etc).

IS Water Stress Framework Tool 13
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TER = Total Exploited Resource. It represents the water which is currently withvana
for use (consumed or eventually given back to tystesn) inside the test site by
human activities (domestic, industrial, agriculturalER is the water which is
actually withdrawn (diverted from spring, riversamds, or abstracted from aquifers)
and distributed to human activities. The environtakwater needs inside the test site
should be included as well. This amount will dependa ‘political’ decision, and it
will affect ecological conditions locally; and dostream. Requirements to preserve
environment downstream is included in the exporREcomponent.

EXP = exports. This considers the volume of water which is cottedi to
downstream users including the environment.

RRR stands foResidual Renewable Resource. This is the amount of water in the test
site that is left in the local system, which has heen yet consumed by local or
downstream users. This amount is obtained sulbnigabinth TER and EXP froiNBE
and IMP:

RRR =NBE +IMP - (TER +EXP)

NBE + IMP is what would be defined in Economics sagpply; and TER + EXP
demand.

The Potential Margin (PM) is calculated as a ratio between the RRR (as dkfine
above) and the supply side of the water balanceEMNBIP):

RRR

PM = NBE +ImMP

o<PM<1

The WSF is obtained by combining equations [2] @jdrom above:

Wolp + Wl Wil +wel +wele

Wp W, + W, +W, +W, 4
RRR 4]
NBE + IMP

WSF=

O0<WSF<

For each value of ISWSI (ranging between 0 anddijfarent curve is obtained.

For example
if ISWSI=1 = WSF-;
B RRR
NBE + IMP

In this case
WSF =1, then PM =1, and as PM reduces to ze®F\gb to infinity.

IS Water Stress Framework Tool 14
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In other words as ISWSI increases, the WSF inceeam®d as the potential margin
reduces, WSF increases.

IS Water Stress Framework Tool 15
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Water Stress Framework tool

Installation & Protection

The Water Stress Framework tool (or WS-Framewaosk.klas been developed in
Microsoft Excel ®, 2002 SP3. It hence does not reegdspecial installation.

When opening the tool the user will be asked if macshould be enabled. This is not
required as long as no modifications are requirethe definitions of indicators or

raw data. However, not enabling the macro’s wilt abow to click on some help

functions.

Most worksheet are protected to avoid editing. boel free to remove the protection
at own risk (there is no password required). If yaant to reinstate the protection for
all sheets, use the macro “Protect_all_worksheeia’the menu’s Tools > macro >
macros > Protect_all_worksheets > run.

Getting started

When opening the WS-Framework.xls go to the vergt fsheet, called “General
Information and Manual”. If macro’s are enabledsthill be automatically carried

out. On this sheet you will find some basic infotima about the tool and a short
version of this manual.

In 7 steps to all results

The WS-Framework tool requires 7 steps to obtagulte. Most of these steps are
very simple. However, the true effort when using thol lies in

1. Getting agreement on the indicators to select
2. Collecting the required data.
Step 1: Saving / renaming your file

This tool is typically used in a site specific s&gt Local data and preferences will be
loaded into the tool. To avoid confusion aboutsséad versions it is recommended
that you rename this file.

Note that when you print pages of the WS Framewodt the printed pages wi
show the filename, page numbers, sheet names.

IS Water Stress Framework Tool 16
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Use the "Save As" function or equivalent in youndaage as depicted next:

@j File | Edt View Insert Farmat  Tools :Qata Window
1 New... P ChlN
& Open... Ctrl+0

0 : 1

E zave

Save As...

1 G0 Save as Web Page. ..

Save Workspace. ..
‘| By Search...
| Web Page Preview
1. Page Setup. ..
1 Pnngnrea e

Step 2: Selection of sectoral and domain indicators

Why This tool offers a number of indicators for leadomainsecto
combination. Within your site, you may decide whigldicatas are
relevant. If you want to calculate the AquaStresat&V Stress Inde
(AWSI), you will need to select at least one intlicafor each domain-
sector combination.

Where On the sheet "Indicator Selection”

How For each combination of sectors (columeadiers) and domains (r
headers), use the toggle button in the column lit&ase", to select Y
for selecting the indicator, or "N" for omittingehndicator. "Y" will turr
the cell dark gree
If in a sector-domain combination no indicators seteted a highlighte
"0" will appear in the last row of a sectdoemain combination. This mt
be avoided if you are interested to calculatedAW&SI.

Other Note that information about a specific indicatomche obtained t
'hovering' over the indicator name.

lllustration for selecting indicators

DORAAIN AGRICULTURE _yp Use Weight
A0, Quantity Irrigation Dependability I o
Crop “Water Stress ]
Irrigation seasanality 1 | = o
a
I ]
Il a
Il a
0
NMumber/ weights of selected indicators

lllustration of the effect of “hovering” (tooltips)

IS Water Stress Framework Tool 17



Aquastress © 2009

DOMAIN AGRICULTURE Use  Weight

Al Cluantity Imgation Dependabilif M

Crop Water SUESS  acponyM: InDep

Irrigation seaspnality LINIT: %%
DESCRIPTION: Irrigation Dependability;
percentage of irrigated area over agricultural area
INTERPRETATION: A high ratio of irrigated area
indicates a high vulnerabiity of agriculture
towards waterscarcity, high values - high
stress - indicator approaches 1,0

¥ FORMULA: IrrDep={IrrAJAAY*100
Number’ weights of seretrerrwrrigweﬁ'u'szil——:

=]
St | —

Step 3: Setting within sector-domain weights

Why The aggregated indicator value for each sedtomin combinatio
consists of only one value. Hence you will neednigert weights suc
that the individual values are properly aggregabecne value.

Where On the sheet "Indicator Selection”

How If you only selected one indicator, please ihskO in the columi
"weight". If you selected more than one, enter galbetween 0 and c
for each selected indicator, such that the addoup.@, and only if yo
have selected more than one indicator in a seldorain combinatiol
you need to specify the weighf each indicator, such that the aggre
can be properly calculated.
If weights are not adding up to 1.0 this is viseadi by a red field at tl
bottom of the 'Weight' column.

lllustration for setting sector and domain weights

DOMAIN AGRICULTURE Use  Weight
A1 Quantity Irrigation Dependahility 05
Crop Water Stress/ M 0
Irrigation seasonalit - 07
M 0
M 0
M 0
M 0
i 0
Number/ weights of selected indicators 2|
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Step 4: Inserting data

Why Of course you are interested to calculate the AWISYyour local situatior
This means you need to insert local data into thad. tBased on tt
selected indicators, raw data are required, fomgta the total agricultad
area (AA). The tool works with timseries, but data are not required
each year. The earliest value that can be inseriged 1985
Where data are not available, the data of the searevious year is us¢
e.g. if data is available for 2005 and030 the years 2006 and 2007 will
equal to the value of 20(
A 'start value' needs to be specified. This valilehe used for up till th
first available year, e.g. if the first actual valis 1990, the value used
1985-1989 will be equal to the start value.

Where  On the sheet "Raw Data". Click to go!

How For all parameters where "Y' is shown in the coldl8n Required’ do tt
following:
1) Insert in the columns headed RAW_1985, RAW_1%86, the value
you have. Leave fields empty if you do not have adat
2) Insert in the column 'Start value' a best edenfiar 1984, either a val
preceding that year or the first value you haveeraftl984.

Hovering above the parameter name will presenotklipowith informatior
about the parameter.

On the sheet there are two help buttons for speoifiumns.

Help on data availability

The column Data Availability provides a quick andyassesment of th
appropriateness of data, solely based on the nuaiiliata available:

Less or equal to 2 values: POOR
Between 3 and 5 values: MODERATE
More than 5 values: GOOD

Note that the time spacing between values is r@ntanto account. Th
implies that an equally timspaced MODERATE data set (1985, 1¢
1995, 2000, 2005) may be more appropriate than @®et which onl
contains yearly data between 1985 and 1992.

Help on start value:

Missing data in a time series are replaced by tbstmecenvalue. "E.g., i
a value for 1990 is not available, the value foBAill be used if th:
value is available.

This method implies however that a first valuevaikble. Hence, in th
column a start value for the variable needs tberted. This Vae can b
the value closest to the first year of data.

In case no previous data are available, you may wainsert the first da
point available, e.g. 1990.

IS Water Stress Framework Tool 19
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lllustration for inserting raw data

parameter

If 'Y’, you selected Number of raw Simple quality ‘OK’ if a start value Time series
an indicator that data inserted assessment of the data has been given
requires this

Parameter IS_Required Count Datg availability Start value Start RAW_1985 RAW_1986 RAW

GROUP 1: For general purposes

OK 20000000000 2E+10
OK 24000000000 2.4E+10
OK 60000000000 BE+10
OK 1.2E+11 1.2E+11
OK 994000000 994000000

Exports (m3/yr)

Imports (m3/yr)

Surface water available (m3/yr)
Groundwater available (m3/yr)
Total Exploited Resource (m3/yr)
DUMMY1

DUMMY 2

DUMMY3

5
5
5
5
5

0 not required
0 _not required
0 not required

e

‘Hovering’ ted indicators

provides. Y TS 500000 500000

parameter X oK 1800000000 1800000000
Y oK 2000000000 2000000000
X OK 15000 15000
N 5 not required oK 100000 100000
N 5 not required oK 200000 200000

The WS-Framework tool now automatically calculates:

1) The missing values - These values can be founth@® sheet "Raw Data", colum
AP onwards.
2) The indicator values - these are calculated,résitaling still needs to be carri
out. Values can be found on 'Calcindicators tab'.

For more information see the section internal wagkiof the WS-Framework tool.

D
o

-

Step 5: Rescaling indicator values

Why High water stress is defined as a value approachifg whereas r

water stress is equal to 0.0. If ‘water availabde mhabitant’ is in on
year 20l/day anéh another year 100 l/day. Most will agree that/2@y
indicates water stress (and hence the water stréieator should be 1.
and 110l/day indicates (almost) no water stresgidaior value equa
0.0.
The raw indicator values need to be rescatedalues between 0.0 a
1.0, and in the aforementioned example, this méaatshigh values i
the time series need to be closer to 0.0, and lwes in the time seri
need to be closer to 1.0.

To do this rescaling the tool requires 2 bits ddbimation:

1. The relationship: “high values - high stress indicator
approaches 1.0” OR “low values - high stressndicator
approaches 1.0". This information is already présenthe shes
“Indicator definition”

2. A lower and upper bound values: E.qg. in the@foentioned ca:s
we assume that we talk about severe stress (=1henwpe
capita water availability is below 60l/day, and stoess if pe
capita water availability is above 120l/day. Theltwill use this
information to determine (a) that the value 20/ per da
indicates severe water stress and the indicatoevalrescaled

IS Water Stress Framework Tool 20
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Where

How

0.0, and (b) that 100 l/day is rescaled to an &idic value o
(110-60)/(120-60) = 0.83

On the sheet "CalcIndicators” (click to gditst boundary value)

Alter the values in the two columns called "Lower Boaryd and Uppe
Boundary", but always in such a way that the loweundary value |
lower than the upper boundary value, hence disdaggithe direction ¢
the relationship, which is either "high values ghistress -ndicatol
approaches 1.0"or "ow values - high stress - indrca@pproaches 1.0".

You only need to adapt those boundaries which marenes were "I
selected" is 'Y".

o help you the columns "Minimum value" and "Maximuwalue"
provide some insight in your dataset.

In case you disagree with the interpretation of itigicator, meanin
that in your situation for a given indicator the/gnm interpretation "hig
values - high stressindicator approaches 1.0" is not correct, you
alter this direction on the sheet "Indicator defons".

SHORTNAME Selected Interpretation-2 Unit | Minimum | Maximum Lower Upper
Value Value  Boundary Boundary

Irrigation Dependability b high values - high stress - % 40.00 50.00 20

Crop Water Stress

indicator approaches 1.0
N lows values - high stress - % -18.55 0.00 20
indicator approaches 1.0

Irrigation seasonality Y high values - high stress - - 0.50 0.50 0

indicator approaches 1.0

Step 6: Setting years to output

Why
Where

How

The WS-Framework tool allows you to select drgeto output.
On the sheet "Results 1"

By inserting the years in the top fields (c&ls to F1)
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Step 7: Viewing and sector-domain results

Why The numerical values per indicator should be reggwo check if the
meet expectations. Though all indicators should reeiewed, thi

indicators which indicate high stress are visuairesheet "results 1"

Note that for each indicator an advice field is presentéovering ove
the field will show some advice on how to reduce #tress based
information contained in sheet "Indicator definitss

Where On the sheet Results 1

Step 8: Viewing IWSI, WSF, Spider

The computed values of the WSF can be represerdedafbetter and easy
understanding as a spider-graph.

All results should now be available and visible"sheet Results 2”.

As a practical example, we present the resultshef ¢alculations done for the
Sardinian case study. For this case study followmagcators were chosen:

IDOMESTIC AGRICULTURE INDUSTRY INDUSTRY ENVIRONMENT
(PRODUCTION) (TOURISM)
Quantity Issues |Drinking water Irrigation Water quality ater use Deviance from
dependability intensity natural flow

[Water treatment [Waste water

Quality Issues

Quality norms

Salinity

Quality norms

polluted load

Institutional and
adaptive capacity

\Water regulation

Water saving
technologies

Recycling

\Water saving
technologies

Protected areas

economic equity

suppliers

intensity

water intensity

Infrastructure Supply Supply dependability [Supply interruptions ater treatment  |River
interruptions fragmentation
Social and Economy of water |Farm size dispersion [Labour-related water [Labour-related Nature protection

The sectoral indicators were weighted and summetbWSF. The environmental
sector was assigned a weight of 1, while the rem@irsectors were weighted
according to their water use as a fraction of titalt These relative water uses were
46% for the domestic sector, 48% for agricultur@ %or industry, and 1% for
tourism. The resulting ISWSF was 0.57.

ISWSF divided by the potential margin yields the WS he calculated potential
margin ranged from 0.02 to 0.18, and turned outbéo greatly influenced by
assumptions of (notably) evapotranspiration. Asoasequence, the resulting WSF
varies by a factor 9. It is concluded that WSFasyvsensitive to the potential margin
and uncertainties therein, notably at low valuesn@rsely, a change in the value of
one single indicator does not affect the overaduhleto a great extent, because the
effect is dampened out by the weighting procediihés provides the WSF-approach
with some degree of robustness, provided that gafoe a sufficient number of
meaningful indicators can be retrieved.
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The sensitivity of the WSF to seasonality was assessed, by considering only the
summer period (June through August) in stead ofetiére year. While the overall
effect on WSF remains limited to an increase of #%Jearly changes the sectoral
contributions,. Agriculture and tourism become mamgportant, illustrating the
importance of carefully choosing the proper pefmdanalysis.

DOMESTIC

== Entire year

=== Summer (June
through August)

ECOSYSTEMS AGRICULTURE

TOURISM INDUSTRY

Editing indicator, raw data and advice descriptions

Editing indicator and advice descriptions

On the sheet ‘indicator description’ you can ediumns F, G, H, I, J. In column L
these changes are visualized.

In column S you can change the advice, which is tearesented in column T.

If you now run the macro Indicatortooltip all tapk for indicators and advice in the
other sheets are updated.

NOTE: You can also change the ‘Acronym’ (columnddy ‘Shortname’ (column E).
However, in that case you will need to alter thebagms and shortnames at several
places in the tool (which will however show in vasushowing N/A or similar). If you
want to change such fields, please also read #utian adding new indicators’.

Editing raw data descriptions

On the sheet ‘DataNeedandAvailability’ you can ediumns E-K. In column L these
changes are visualized.

If you now run the macro RawDatatooltip all toodtifor raw data are updated.

NOTE: Like for editing indicator short names andoayms, it is unwise to alter the

parameter name (column A), since this will affeztng lookup functions and names
are used repeatedly. If you want to change nankeas® also read the ‘section adding
new indicators’.
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Adding new indicators

For 2009 the author of the tool is willing to suppimsertion of new indicators. You
can receive this support by filling out the shédétw Indicator Request’ and send it to
the author.

However, the following steps should allow you totls yourselve:

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

Read section “Some inner workings of the tool” tangsome insight in the
working of the tool

Fill in the form ‘New Indicator Request’

On the sheet ‘Indicator definitions’, go to the domsector combination for
this new indicator. Search for the first empty £@fl column D and E and fill
in that row.

On the sheet ‘Indicator selection’ fill in the shomme of the new indicator
on the appropriate position (domain — sector).

Likewise on sheet ‘Results 1)

On the sheet ‘Raw data definitions’, insert all rd&ta, replacing lines which
are called ‘Dummy’. For raw data definitions whiahe already available,
copy the appropriate lines.

On the sheet ‘DataNeedandAvailability’ insert otlipse raw data which are
new, filling in all relevant fields, replacing dunes at the end of the table
(Row 117 and following).

For those raw data which are already defined, adly to those lines where
they are defined for which indicator they are ug€blumns ‘Required for’)

On the sheet ‘Raw data’ the new raw data namesléhmw show at the
bottom end of the table.

Select in the raw data sheet the ‘step trend d&ahge AR:BV). Use the
menu ‘Insert’> ‘Names’ > ‘Define’ to give the rangbe name of the
parameter. Repeat this for each parameter.

On the sheet ‘IndicatorCalc’ fill in the short nawfethe new indicator on the
appropriate position (domain — sector).

Insert the formula to calculate the indicator imga AR:BV. Note that the
Excel settings menu “Tools”>"Options”>"Calculatiori’/Accept Labels in
Formula’s” needs to be checked.

Some inner workings of the tool

With few exceptions most inner working of the ta®by referencing, information is
as much as possible not repeated by retyping, butrdierencing such as
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“+CellReference”, or utilizing lookup functions duas V-lookup. In some cases this
was not possible and information was re-entereds iFhparticular has been done in
the sheet ‘DataNeedAndAvailability’, where for eaelwv data type a set of indicators
for which this raw data is required is presentekisTsheet has been developed as a
basis for the tooltips on raw data, which can bentbin column L of the sheet
‘DataNeedAndAuvailability’. In contrast the tooltijer the indicators can be found in
column L of the ‘Indicator definition’ sheet.

To avoid using macro’s (and forms) the tooltips éndheen developed using the
‘hyperlink function’ of in excel. Typically this fuction is used to link to other cells or
to external data-source. In this case the hypentinlats to the same cell. But, a
hyperlink can have a tooltip, meaning that whenvérong’ over the cell some
explanation will be presented.

This trick is used for all information on indicasoand raw data in the various sheets.
It is also used for the ‘advice’ function in thessults 1' sheet. Two macro’s are
available to update such information in case thestcdptions of indicators and raw
data are changed.

Rawdatatooltip Based on the information provided in sheet "Rawa
definition”, this macro creates appropriate toaltip the
sheet "Raw Data". The macro only needs to be ezddt
information regardingaw data, e.g. the descriptions h:
been altered

Indicatortooltip Based on the information provided in sheet "Indic
definitions"”, this macro creates appropriate tsltivith
respect to indicators. The macro only needs toxkelged
if information regarding indicators, e.g. the dgstoons
have been altered. The macro also adapts the afiwide
in 'results 1'.

At various places you will find ‘Dummy’ entries. &se entries are included to allow
insertion of new indicators.

So how does the tool work when applied with theenirindicators and raw data?
13) On sheet ‘Indicator selection’, the indicators s @re selected.

14) Based on this information the need of raw dataitsraatically presented on

the sheet DataNeedandAvailablility, in column Bwsol6 and higher. As
you can see there is a complex lookup function thaputs ‘Y’ or ‘N’ for
each raw data item based on a lookup function.
Note that the rows before 16 are reserved for rata avhich are always
required, regardless the selected indicators. @tiyrehese are the data
required for e.g. calculating the Water Exploitatiodex. it is automatically
determined.

15) This information is than simply copied (+CellRefece) into sheet ‘Raw
data’, column B.
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16)

17)

18)

19)

20)

21)

22)

When raw data are entered in the appropriate fieldbe ‘raw data’ sheet
(notably range G6:AK150, the column C (headed ‘¢Qurautomatically
presents the number of data inserted, and columnh&ded ‘Data
availability’) is updated according to the countdathe need for data.
IF Data is required

Count <=2 “Poor”

Count <=5 “Moderate”

Count >5 "Good"
If data is not required than the field will shownot required")

As long as there is no starting value insertedufool F) for required raw
data, column ‘start value’ will show ‘Missing stanalue’. It will
automatically turn to OK when a value is entered.

In the range AR6:BV150 (‘raw data’ sheet) the stepnded data are
automatically created using simple rules: E.g.héré is no value for a
parameter in 1985, the start value is used. Ifethemo value for 1986, the
value of 1985 is used, which in turn is the valfid @85 if no start value is
provided. If a value is available for 1986, obvilyukat value is used.

NOTE 1: Each row-range (E.g. AR6: BV6) has beeregia name via the
name function of Excel.

NOTE 2: If you would prefer linearization betweeavotdata points, the way
to proceed is to insert the linearised data inéortw data range!

On ‘Calcindicators’ sheet, the range AR4:BV200 akdtes the raw indicator
values by using the name fields on sheet ‘raw d#ta very important not
to change the columns AR-BV, since they need tadmsistent with the
columns on sheet ‘raw data’.

In the range L4: AP200 the scaled values for tlcators are automatically
computed, using straight forward arithmetics angl itiformation contained
in Lower Boundary (Column J) and Upper Boundaryl(@m K). Changing

these boundaries automatically results in resdaldidators.

On sheet ‘Results 1’ the range C1:F1 determinesvfoch years the results
are presented both on ‘Results 1' and ‘Results \2a simple lookup
functions the results are numerically presenté®easults 1. Via conditional
formatting the high stress situations are highkghtwhere high stress is
defined as any value above 0.75.

Similarily, via lookup functions and highlightingReésults 2’ is created.
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Getting support

If you require assistance using the tool you magtact Michiel Blind. For the
scientific content please consult the references.
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