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SUMMARY

The availability of clean fresh water is an issue in many parts of the world. The water us
by companies to perform their operations has become increasingly scrutinized as a result.
However, some companies have found it advgedas to examine their water @l water risks

to develop a strategy for becoming a hesteward of the water resaas

Some companies have found it advantageous to examine their water use and water risks to
develop a strategy for becoming a better steward of water resources. This thesis examines the
overall process of how water issues can be: A) accounted for ah@exhd) risks can be
mitigated C) how the overall water picture can be viewed. Although the tools currently available
do perform useful analyses, further standardization of metrics needs to occur before the results are
truly cohesive. For example, watdress has largely been standardized, but a metric for drought
risk has not. In addition, some of the results of the tools are not consistent, and further work is
needed for the tools to be comprehensive. Additionally, this thesis examines the influences of
direct and indirect water use and risks, such as the water use by employeeergggeneration

in the process of building vehicles.

Understanding the indirect impacts of watee is important, and can sometimes be
significantly more impctful than thedirect water useCompanies or organizations that have
comprehensive water strategies can eliminate risk, lower costs, and help become better stewards

of the water supply on which life depends



CHAPTER 1 INTRODUCTION

1.1 Motivation

Water scarcity is already a significant issue globally. According to Millennium
Development Goals RepditN, 2012)1 1 % of t he wo wves dithaitapcesptoénat i on
improved source of drinking water, such as household water, or public taps. Water scarcity will
become an issue of greater and greater i mport .

resources to document and coordinateerissues.

The Carbon Disclosure Projd€@DP)is a group that surveys a large number of companies
on the issues that they face relating to sustainability. In the CDP Global Water Repd@R&13
2013)70% of companies reported having identified water risk as a substantial business risk, and
the majority reported risks were expected to impaetappons within 5 years. Additionally, more
than half of companies surveyed have already experienced detrimental impacts due to water.
Compani es, NGOG s, and governments need to hayv

pose.

1.2 Literature Review

In (Joost Schornagela, 201@h outline for how to account for water use is given. The
primary purpose of this paper is to strictly define a set of rules for industrial water accounting and
analyze impacts based on that definition. Withdrawal is defasedater drawn into a facility;
consumption is water used by the facility (not returned to any water source), and discharge is water
that leaves the facility and returns to a watershed. With these accounting rules, the authors analyzed

a variety of energywgources and their water consumption and withdrawal according to original



water stress calculations. With the water use strictly defined, other water analysis can be examined,
such as water stress and life cycle examination. For example, the authorstedlat with the

current U.S. electricity grid mixture of energy sources, electric cars consume approximately three
times as much water as conventional gasoline powered vehicles. Water accounting rules are
needed because water use is required for induptrrposes, and if a company does not understand

its water use and risks, it can incur financial losses and suffer brand damage. In addition,
companies should understand their water use in the supply chain. The supply chain can encompass
energy usage andaterials suppliers, among other things. The local context of industrial water use

is important. A high water use site can operate sustainably in a lowstass location. However,

even a low water use site may not be able to operate sustainablygim wdterstress location.

The impact of water use by an industrial facility depends greatly on the exact location and the

exact water use.

In vehicle manufacturing in particular, the water usage has become an area of concern for
automotive manufactureasd the interests nethe manufacturing operatioris.(Semmens, Bras,
& Guldberg, 2014}he lifecycle water usage of vehicles is examined, inqagste the original
equipment manufacturers water usage. The main goal of the paper was to understand the direct
and indirect water consumption per vehicle. Although the OEM reporting lacked consistency,
some overall patterns were found such as the awavater consumption for vehicle assembly and
estimates of energy used in vehicle manufacturing. The main findings were that the per vehicle
water usage was in general falling, but the indirect water usage (such as from electricity generation
to support théacilities) could be substantial. If the reporting for the entire direct and indirect water
usage is not carefully tracked, it can be difficult to determine the exact water usage in vehicles or

any other type of manufacturing.



In addition to the direct el for water in manufacturing, the flow of water in economic
terms can have a significant impact as well(Berrittella, Hoekstra, Rehdanz, &m, & Tol,
2007) approximately 22% ahdustrialwater use is related to trade. The reduction of water supply
in water stressed regions necessarily makes water more expensive in a given region. When the
market is allowed to set the price of water,avas more expensive when supplies are constrained.
Consumers have to spend more to access water, and that can leave water stressed regions at an

economic disadvantage against regions with greater water supplies.

Tools are now publicly available that caot@ntially help a company assess the impact of
its water use and risks in relation to their global operations and supply dhdi@arlile, 2014)a
number of these water strategy tools are examined and compared in Tdepth.tools were
specifically compared, the Global Water Tool and the India Water tool both by the World Business
Council for Sustainability, and the Water Risk Filter by World Wildlife FoundaByranalyzing
the risk assessments by these tools, ondetiar gauge the similarities and differences between

themand how they can be used for future water resource planning

In (Mueller et al., 2014an overview of water tools and their use for automakers is given.
Businessedaveto take a more practive approach to water. One way to analyze the water
situation iswith water tools that provide water assessments. The tools have a variety of outputs,
with some being more pertinent for business operationsothans areFor exampleii wat er st r e
is considered a more relevant assessment of water rislw#tanscarcity due to the many aspects
i ncl u(duweelter. edal., 2014Yhe paper took a selection of locations and for the four tools
analyzed a selection of water risks output by the tools. This included water availability, and
seasonal availability. The availability of water varied greatly at diftdoeations according to the

tools. However, the results were not consistent, with one or more tools disagreeing with the overall
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trend for a location. The paper found that there is a great deal of water information in the public
domain, but that there ssneed for improvement in the datasets and metrics in order for the tools

to become more useful for industry.

The water metrics used to analyze the water situation by the water tools requicepthin
understanding of what defines a stressed or acdeptaiter state. One widely used measurement
for general water scarcitg the Falkenmark indicatorlt is essentially a measurement of water
stress described iiMacro-Scale Water Scarcity Requires Miegaale Approache@-alkenmark,
Lundgqvist, & Widstrand, 1983e water stress measuremesdeéfined as 1700 frof renewable
water per year per person as an acceptable thi
regions below 1000far e consi dered to be experiencing 0w
mare considered t o.Thisis significanabecause thet werk doneairrtieei t y 0

study gives a range for a welbcumented water metric that is commonly tracked for most regions.

In (Rijsberman, 2006issues with different water metrics are disads One issue that
some high population areas will have a certain amount of stress listed by a metric even if the water
supply is adequat&.hat is due to both a high population using water, and municipalities having
the infrastructue capable of hanilg it. Although there may be a large population, the
infrastructure may be capable of handling the vseldi t i onal | vy, di fferent
organizations have different capabilities when it comes to infrastrystisgpecific regions need
to be exammed in depth to understand the difference between high stress due to calculation, or
high stress due to a lack of infrastructure to handle the waterDesgite these and other issues,
the oOwater scarcity6 metri c dadhatigives andngicaiva | k e n n
mark of the local water situation. Also mentione@Rijsberman, 2006} that water scarcity will

be an issue for the foreseeable future, @wilons in Africa and Asia will have to do the most
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structural overhaul to supply the necessarily water for their populations.

In ( Wal s h, Murray, ,&he @2usS aflcompaniasnreportih@ dabe) is
discussed. In padular, the comparison between requirements for current CO2 reporting and
future water reporting is mad€urrently, many countries require standardized reporting of the
total CO2 generated for all direct and indirect operations of companies. Ther@aiehgal for
this disclosure to be required for water in the future. Additiondlymanufacturing specifically,
the authors project that by 2050 water use by the manufacturing industry generally will increase

by 400%.

ThelSO 14046standardISO, 2014) which is the standard for water accounting and water
footprint assessmentame about because of the need for assessing and reporting water footprints.
The terms fdAwithdr awaregiuen siia definitions in elatiorptd weagese.o
They are defined in the same mannefJa®st Schornagela, 201®)th withdrawal referring to
removing water from a basin (even if it may be returned or is used temporarily) and consumption
is water not returned to the basin. The ISO 146#hdard also goes into the practices for
performing Life Cycle Assessments (LCA) of water use. Specifically, the process for determining

the environmental impact of water use depending on the location, quality, and total use.



CHAPTER 2 UNDERSTANDING WATER TO OLS

2.1 Water Tools Overview

Several publically available water tools can be used to assess the impact of water risks and
stress onto a groupd6s operations and supply c
tools(Carlile, 2014)the general idea is the same: with a few inputs, the basic water risks and stress
can be quantified in a way that helps organizations see the impacts ofAdaléionally, water
tools typically can also serve as water accountintstaiich follow the guidelines frorfdoost

Schornagela, 2012)

The main purpose of the three tqdiobal Water Tool, Aqueduct, and Water Risk Fijlter
is to enable the user to understand the water risks and potential for environmeatibased on
the usageand location®f facilities inan organization. All of the tools can be used to attempt to
determine which locations in an organization are located in areas withstvas= and water risks,
such as floo@ccurrence In order to giveresults the tools use a combination of water metrics to

identify particular risks or stresses. The metrics are conceptually detailed in Chapter 3.

2.2 Context of the Water Tools

Many companies are already experiencing watdated issues that affect busise@sd/or
government operations, as mentioned by CDP W&BIP, 2013) Additionally, water risks for
companies and investors are beginning to be included in financial risk analysis generally, not just
in corporate sustainability reporfsierbst, 2009 he best way to currently estimate the water
situation is to use a water tool, such as the Global Water Tool, Aqueduct, or Water Risk Filter. All

of these tools provide insight into the water situatigpegienced by a company or organization.



In CDP Disclosures, companies such as GM and Ford use some combination of these tools in order
to determine their water risks and stres§ewd, 2013; GM, 2014b)n other words, theools

estimate the water stress, flood risk, or other water related metrics for the facilities affiliated with
that organizatiorAutomakers are already evaluating their water risks and making decisions about
locationsand resource allocation based on watesksi(CDP, 2014) In an organization, water
impacts can affect decisions in different ways. Forpingose of this thesis, a generic corporate

hierarchy is used, and shownHigurel.

In general, he workers and site manager at manufacturing facilities are resieofts
water use and accounting. However, their ability to influence the water policies, facility locations,
or resource allocation is limited generalRegional managers and vipeesident level employees
have the ability to allocate resources, inflcenvater policies, anidfluence facility locations. In
an organization, these employees are the ones that would find the water tools and the water
analyses in this thesis the most useful and applicdlliese employees can use tioels to
determine whicHacilities have the highest risk exposure and which specific risks or stresses are
presentThis information is useful for executives and shareholders as well, but the work of using

the tools is most likely in the domain of vice presidents or regionahgeas.



Water Concerns or Actions by Corporate Level

Regional

Managers

¢ Recommend
facility locations

¢ Allocate
resources

Executives

» Determine
Facility Locations

= Allocate
Resources

Vice
Presidents
Tools help analyze impacts/risks ‘

Minimizing risk can help save money long-term
Using less water can potentially save money
Being ‘green’ helps with brand image

Local communities appreciate water
stewardship

+ Costof water only expected to goup

* Operate facility
* Stakeholder in
local water
supply

* Water Accounting

* Bottom Line
* Brand

* Oversee operations
* Stakeholder in local
water supply

* Bottom Line
¢ Brand

 Risk Exposure
* Operations

Shareholders

Site Managers

* Water
concerns or
actions

These decision makers can use the tools

to help select facility locations or allocate

resources to minimize risk, save money,
or protect high water stress areas.

Position/Person

Key

Figure 1 Water Influence in a corporate hierarchy

For exampl e, i n Vol kswag@wpX1l4e) VakgwvagéhD P Wa't
outlineshow their organizationgpproactwater in their growth plan®W does an assessment to
ensure new production sites have available water and that VW understands any other
environmental risks associated with that locatidihe VW outlook is given inFigure 2.
Additionally, VW examines the water risk at current facilities, and the company attempt to

alleviate any risks or problems.

wi1.2
Have you evaluated how water quality and water quantity affects /could affect the success (viability, constraints) of your organization’s
growth strategy?

Yes, evaluated over the next 10 years

W1.2a

Please explain how your organization evaluated the effects of water quality and water quantity on the success (viability, constraints) of your
organization’s growth strategy?

Ervironmeantal aspects are important in aach side assassmeant for new producion sites. The résource water and its availability und risks are ona of thesa
amvironmantal aspects.

For each site the water availability is evaluated before decisions for or against a potential new produdion site is made. Therefor there are infformation available
for each site.

Each factory is audited (internal or external IS0 14001 audit) every year. If any shortages in the water supply would ocour would this be a opic in the following
audit and the site have to show how hey try to solve these problems.

Volkswagen uses a sk managemant 1o identify, evaluate and & minimise potential risks for the company itself. The process incudas the folowing steps:

1. ldentification of the risks

2. Evaluafion of fhe risks with their impact

3. Definifon and execufon of counlermeasures

4. Controling and reporting of risks and countermeasures

In these risk managemeant all risks for the company am induded. Also environmental fisks e.g. water rdsks. For important dsks in this sector an evaluafion is
made as weall as definition of the problem and execution of countermeasures,

Figure 2 VW Response to CDP Questions W1.2 and W1.Z&W, 2014e)



A speciic example of this strategy is detailed in the VW CDP Water response regarding a
facility in the Godavari river basin in Ind{&W, 2014e) VW believes that the facilitysin a high
waterstress location, so the factory emphasugisg water efficientlyand recycling as much
water as possible/W, 2014e) Because VW performed the analysis on water risks, they have
been able to take steps to alleviate their water Tisis may just be one facility, but the VW CDP
Water report has many instances of VIé@ating resources or taking steps to mitigate negative

water issues.

In addition to being a better steward of water resources, water management can have direct
financi al benefits. For exampl e, &akswaged, i ng
2014b)ii At our Braunschwei g ( Gentrathed vater spay neteting a
system in the pairghop saves 34,380°n f wat er |, reducing overal/l
In addition to possible cost savings, understanding water risks can directly help a company avoid
a disruption of operations. Froiw CDP Water ReporfVW, 2014e) In the beginning of June
2013 the Chemnitz river levels increased dramatically after heavy rainfalls in the upstream areas.
Because of the two critical water levels in the ChenRitzrin 2002 and 2010 a dam was built
to ensure that the wateannot flow from the river in the factory. All risk management actions of
the factory worked well. Several pumps had taristalled. Most streets around the river where
closed and caused several transport probeAithough the stps VW took in this case likely did
not save them money, it did help keep their facilities operating despite water levels in a nearby

river.

Companies that are already experiencing wagkated disruptions of supply or cost
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increases can benefit from ugiwater tools to understand their water risks and impacts. The tools
can also benefit companies that are not currently experiencing any negative impacts because all
three include projections for future water situations. Using the water tools to assessansk
empower a company to choose locations in-ttkess lowrisk locations or to invest in water
efficiency technologiedJsing less water can result in cost savings as well. With the water tools
being used by members of an organization that can infuetiocations and operations,

companies can leverage the information in a variety of ways.

2.3 Comparisons of Different Tools

The main purpose of the three tools (Global Water Tool, Aqueduct, and Water Risk Filter)
is to enable the user to understand the watks and potential for environmental damage based
on the usage of an organization. All of the tools can be used to attempt to determine which locations
in an organization are located in areas with water scarcity (or another wateinradglition the

tools attempt to show areas where there is the greatest environmental damage by water usage.

2.4 Water Accounting

One issue with examining water from an organizational perspective is the definitions about
water accounting. For example, water that is consumedprocess is handled differently tha
water that is used and then returned to the environment. Water that is consumed in the process is
defined as consumptiothink water being used in a soda. That water will not be returning to the
watershed. Water #t is discharged can be thought of as water that is used for cooling at power
plants. The water is used, but then it is largely returned to the watershed from which it came. The
guality of the discharged water can be important, but the general ideahardgses consumption
is defined along those lines. This issue of water use and consumption definitions is strictly defined
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in Water Accounting(Joost Schornagela, 201&)d the key concefg bestsummarized irFigure
3. ISO 14046(ISO, 2014)follows the same definitiongnd expands them further into quality

concerns and LCA.

Water used by
industrial operation

Discharge

Figure 3 Off-Stream Water Use Defined (JodsSchornagela, 2012)

Having water use strictly defined allows different organizattorreport on their water use
in a consistent way. Although this definition is largely follow@aalytics, 2014a, 2014b; CDP,
2014) there is an unfortunate lack of consistency when it comes to water risks and stress whose

definitions vary from tool to tool.

2.5 Overview of Each Tool

The general purpose of the water tools, to help organizations understand the impact of
water, is similar between all of them. However, they each have slightly different philosophies on

how to achieve this goal.

2.5.1 Global Water Tool by WBCSD

The Global Water Tool (GWT) by World Business Council for Sustainable Development
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(WBCSD, 2013bjs a tooldesigned to help companies with reporting and accounting as well as
analyze water metric§ he tool is broken down into two parts: an Excel workbook for inputting
data and examining some results, and a mapping componentidiast the company or group

using the tool to map their facilities and water issues. To begin, the GWT needs raw water usage
and location. The water usage is organized by :typeface water, municipally supplied,
groundwater,or another source. The calcidd stresses and risks are shown in the Excel

workbook, and some of the water risks and stresses are shown in the mapping component.

Analysis
| wRaw stress
wlLocations wIndividual values
wWater Usage Facility wMaps of stress

wEntire Company
'GWT Input 'Results

et

Figure 4 General Workflow of Global Water Tool
The GWT has useful watershed level baseline wsitess information, and also has links

to the CDP Water Questionnaire and can help with water accounting generally. Neither of the other
tools has that capability. It is also easy to understand exactly where the data came from and what
the data implies. fie main problem with the GWT is that the usefulness for different types of water

risks or stresses is limited. It also has very basic mapping abilities.

2.5.2 Water Risk Filter by WWF

The Water Risk Filter (WRF) by the World Wildlife Foundati®WF, 2014b)s similar
13



in some ways to the GWT but different in others. They both have location and water sisage a
inputs, but the WRF goes a step beyond those requirements and has an extensive survey
requirement. The output of the WRF is differe
the risks at a facility. Similar to the GWT, the WRF has a mapping compfurehfferent water

ri sks and stresses. Unli ke the GWT, there is 't
and stresses and how much tladfectthe overall result. Theesultis a series of heat maps for

each location, and a mapping compaot to allow a company or group to see their water risks and

stresses globally

//f‘—\\\\\
— Analysis
‘wLocations y ‘wHeat Map of risk
wWater Usage windividual wMaps of stresse
wSurvey Facilities and risks

wCompany Profile
“— WRF Input * — Results

Figure 5 General Workflow of Water Risk Filter

2.5.3 Aqueduct by WRI

Aqueduct by World Resource Institld@/RI1, 2014)is similar to the other tools, however
there are a few significant differences. First, AqQueduct is browser based. All of the information is
held byWRI, although it can be exported into an Excel workbook. Similarly to the GWT and
WREF, its mapping function can plot various risks and stresses from both watershed and country
level data sources. The key difference is the weighting function. Aqueduatdsas weights for
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different industry types, but it allows the user to mix and match any combination of weights of any
risk factor. For example, the GWT can only plot one risk or stress factor at a time, like baseline
water risks. Aqueduct can plot baselwwater risk at a certain weight, and combine that with flood
risk at a given weight. This capability allows the group or company using the tool to find an overall
risk factor dependent only on the types of risks and stresses they are concerned. Aftabugh t
concept sounds abstract, it is very useful when examining which water issues could affect a

company directly.

//,-f“‘-\\\
‘//
4 AnaIySIS /ooMaps of stresses
and risks
wlocations . . wClimate Projection
windividual of baseline
Facilities

~— AQE Input - — Results

— l,——“l
—

Figure 6 General Workflow of Aqueduct

2.6 Summary of Chapter 2

The water tools examined in this thesis are the GMkakr Tool (GWT), the Water Risk
Filter (WRF), and Aqueduct (AQE). Each has a different workflow, but the general idea of each
one is the same: input information about operations, the tools give results in the form of metrics,
and the results are mapped;en for individual facilities, or given as a total company profilee

types of metrics and a general overview of key metric coneeptgven in Chapter 3The GWT
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and WRF also have water accounting capabilities that match standard reporting padtites

CDP Water Disclosure.
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CHAPTER 3 WATER METR ICS

3.1 Water Metrics Overview

Previously in this thesis, the concept of a water metric was discussed in relation to work
done by FalkenmartFalkenmark et al., 198@nd RijsbermagRijsberman, 2006)elating to their
work with water stress and scarcityater metrics are ways to assess a particular aspect of the
state of water in a location or country. For example, the Falkenmark indicator is a measure of the
water stress in a partiar location measured in*person/yearMost water metrics are collected
for entire watersheds or countries and are plotted on maps or analyzéocaticby-location
basis.The water tools examined in this thesis contain multiple databases of a wide variety of water
metrics. In order tonderstandhe water situation of a company or even one facility, it is important

to understand the basic concepts behind how water metits

3.2 Country and Watershed Level Water Metrics

3.2.1 Country Level Water Metrics

Country level metrics are values that are consistent for an entire country. For example, the
GWT hasfiTotal Renewable Water pBersor (TRWR) country level water stres§he metric is
shown inFigure7. The metric iglescribedh s the bial annual internal renewable water resources

per i nhWBRGSD,20i1b) o
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. Ho Data
W gxtreme Scarcity
B scarcity
Stress
| T sufficient
B abundant

Figure 7 GWT Country Total Renewable per person (2008)

3.2.2 Watershed Level Water Metrics

Watershed level metrics are not constrained by country borders and their resolution only
depend®sn the data collection. For example, the GWTi#amual Renewabl8upply perPersord
(ARWS)on a watershed level. The metridisscribed s Indicéites the average annual renewable
water supply per person for individual river basins as of 1998BCSD, 2011b)'he metric for

Europe is shown ifigure8.
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North Sea
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No Data
Mediterranean Sea B gxtreme Scarcity
=~ Alexandrii " Scarcity
[ ol N o Stress
’k W sufficient
L ™ abundant

Figure 8 GWT Watershed Annual Renewable per person (1995)

3.3 Water Metric for Specific Location and Mapped Water Metrics

3.3.1 Water Metric sfor Particular Location

In all of the tools examined in this thesis, there is the ability to output all the metrics for a
particular Ieation. For exampldrigure9 shows WRF metrics for the USA Car facility. Only a
selection of metrics is shown Figure9 to demonstrate how the results for an individual facility
can be shownlirectly from the toal This output allows fomumericalcomparison as well as
examining all of the metrics for a particular location. This is difficult when mapping or examining

the total risk because each metric is not as distinguishable as theyayera®.
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Annual
Annual monthly Number of
monthly average months
average scarcity severe

Name of scarcity (GLWOASI scarcity
facility Country River basin (WFN) S) (WFN)

USA Car United States of Americs5t.Lawrence
Figure 9 WRF Selection of Water Metrics for USA Car facility

3.3.2 Water Metric Plotted on Map

The main advantage of plotting a metric on a map is that it allows the user to see the metric
visually. Typically, the user can examine regions with which they are familiar, which can help

give context.

For exampleFigure10 shows most of the North American contwith the flood risk
metric plotted The Hood metric from WRF is a measure of the number of major flootisnse
events covering large areas over extended periods ofBrakenridge, 2015)from 19852005.
Figurell shows the same floaatcurrencemetric asFigure10. The purpose of showing both the
North American and Southeast Asian regions is that if the user is familiar vathegion, that

map can give context for other parts of the world with which the user is not as familiar.
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Figure 10 Flood Occurrence North America from WRF

AT ¥

‘.
.

Figure 11 Flood Occurrence Southeast Asia fromWRF

[[] to floads between 1385 and 2013
[ Rare 1-2 fioods betwsen 1985 and 2013 i
Modemte: 3-5 fioods between 1985 and 2013 |
[ High: 6-10 floods between 1985 and 2013
. Very high: » 10 fioods between 15985 and 2013

iy

Figure 12 WRF Flood OccurrenceKey
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TheFlood metric is based on historical information that is shovifigare12. Each metric
is basedn a datasetind for the WRF Flood metric, the databa&sthe University of Colorado
Flood Observatory. Once the scale, dataset, and definition are understood, the metric can be useful.
For example, from the maps it is obvious which areas are more fardloe@ding based on the
historical data. It may be wise to avoid building manufacturing facilities in these locations because

of the risk of a shutdown or disruption due to flood.

3.4 Survey, Historical, and Sciertifically Measured Data

Water metricsgenerally fall into one of three categories of collection. Survey results,
historical data, and measured data. Survey data works exactly as it intuitively sounds. For
exampleof a survey metric, the GWT includes a metricif@roportion of Total Populetn Served
with Improved Watey (PPIW Figure 13), which is calculated by a combination of public

guestionnaires and household surv@ysically survey based databasee countrylevel.

Historical metrics are based on tracking how often an even occurred over time typically by
an academic grousuch as the University of Colorgdeshose database adsoused by Aqueduct

(Paul Reig, 2013)
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N 76-90
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New
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Flood Occurrence
# floods 1985-2011

Low (0-1)
Low to medium (2-3)

Medium to high (4-9)

High (10-27)

Extremely high {=27)
. No data

Figure 14 Aqueduct Flood Occurrence for Australia
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An example of a scientifically measured water metric is the GLOWASGI8bal Water
Scarcity Information Servic6SLOWASIS, 2015)Water Stress in the WRF. The data collection
for this metric is a combination of esite measurement and infoation measured by satellites
("GLOWASIS," 2015) The Water Stress in the WRF does not follow any geographic constraints
and is limited only by the resolution of the data. (Scientifically measureticmstpically follow
watershed boundaries or are constrained by the resolution of theTaat¥gscribehe purpose
behind GLOWASIS, this excerpt was taken from theebsite Th& objective of the project
GLOWASIS is to prevalidate a GMES Global Servicer Water Scarcitylnformation. In
European and global pilots it will combine hydrological models witkitun andsatellite derived
water cycle information, as well as statistical water demand data. GLOWASISisa®an open
data portal, where watercarcity model time series and relevant satellite derwater cycle

parameters can be downloadé@LOWASIS, 2013)

‘..' ' D No consumption
" Wl Abundant 0-005)
I sufficient (0.05-02)
Moderate (02-03)
Significant (0.3-04)
. Severe (>04)

Figure 15 WRF GLOWASIS Water Stress for Korea, Japan, and Parts of China and Russia as measured by
EU satellites and mapped by the WRF
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3.5 Data Sources

The three tools covered in this thesis use information aggregated from a variety of sources.
Most of the sourcesafat er data come from academic NGOOGs
the University of New Hampshirdfigure16 does not include every organization that contributed
to the tools, but it shows a few trends. First, all of the tools use information from the UN, CDP,
and WRI. Second, the GWT does not use any privately held company water analysis. Both WRF
and Aqueduct use water information collected for private purpasgéssiaared publicallyln
addition the WRF is heavily dependent on the WWF asdwn data collection for a significant

portion of the WRF analysis.

- .
o —
r—'l 'mew | CONSERVATION Q

Vistar Maragn-rmet.
retete

Note: Coco-Cola
represents company
reported data

S, WORLD
Q/:/Q RESOURCTS
O ssmirune

@ NASA Earth Data

[ PACIFIC ||
A INSTITUTE ||

.
7” WORLD BANK )
RRIPLT ot o + Wt v 4 s

3

Figure 16 Venn diagram of Data Sources for the Water Tools

(Note: CocaCola synb o | repr esent s inforonatipna the renwmidingpogols tloicarrespond with
a specific group)
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3.6 Inputs for the Tools

Each tool requiredifferent inputs in order to get information about the water situation for
a company oorganizationThe WRF las a substantial questionnaire that covers a wide variety of
topics related to water. The GWT inputs are essentially the locations, water use, and supplier
locations and water use (if applicable). For this thesis, no suppliers were exdmothadr words
only the direct operations of automakers will be examiA€E uses only the locations of the

facilities, but supplier locations can be included as well. This is summariFeglire17.

Input INCWT T IWREN Aqueduct

Facility Locations
Water Use

Water Quality 0 0
Supplier Information

Regulation Information []
Nearby Stakeholders U

0o o

Has at least one input foi
category
O] No metric for category

Figure 17 Inputs for GWT (WBCSD, 2013a) WRF (WWF, 2015d), and AQE

3.7 Metric Overview

Each tool has a different set of water metrics and types of projeclibase differences
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are shown irFigure18 andFigure19. The general idea of the checklists is to document whether

or not the tools incorporate the metric into the water risk and stress assessment. The tool gets a
check if the tool has metric that accountstf@ water issue. For example, the GWT imastiple

water stress and scarcity metrics and Aqueduct only has one, but for comparison, both receive a

checkmark.

General Type of Index _ Aqueduct

Water Stress/Scarcity Index
Biodiversity
Groundwater ]
Pollution 0 L
Climate Change Mitigation [ [
Priority River Basins 0
Floods [
Drought ]
Hydropower/Upstream Storage Il
Agricultural Indicators ]
Reputational ]

Has at least one metric fg

category
L] No metric for category
Figure 18 Checklist of overlapping metrics each ozgqeg)(tjr;ree toolgPaul Reig, 2013; WBCSD, 2011b; WWF,
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General Type of Index _ Aqueduct

Water Stress/Scarcity Index
Multiple Scenarios ] O]
Has at least one metric fo
category
L] No metric for category

Figure 19 Checklist of overlapping projections of the three tools(Paul Reig, 2013; WBCSD, 2011b; WWF,
2015d)

3.8 Chapter 3 Summary

Water metrics are now outlined with a few key general properties to help with their
meaning. Some areltected for watershed, others for countriesd some follow no geographic
constraintsMost can generally be plotted on maps or analyzed on a lodatilmtation basis. No
matter the context of the metric, it is important to understand the basic andpb understand
the type of data examineBlach tool uses a different combination of water metrics, which will be

covered in each tool d6s individual chapter (Ch
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CHAPTER 4 AUTOMOTIVE INDUSTRY RELEVANT DATA

4.1 Purpose of Survey of Current AutomotiveManufactures

In order to use the water tools or perform any analysis with respect to the automotive
industry, the first step is to collect publically available relevant data. For example, all of the tools
use the loation of facilities as an input. For this study to be relevant, the facilities analyzed will
need to be realistic, and be o6l ocatedd in are
sense to analyze an automotive factory located in Alaska, le=ttaane are no automotive factories

there.

4.1.1 Regions with Active Automotive Manufacturing

Some automakers provide a list of their manufacturing facilities on their website. For the
purposes of examining the water issues, the locations for the Hypothettoah@ive Company

(HAC) needed to be located in areas of active automotive manufacturing
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Figure 20 Hypothetical Automotive Company Locations(shown as blue triangles)
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Some automakers list their global facilities: Volkswag@€olkswagen, 2014aHyurdai

(Hyundai, 2014) Ford (Ford, 2014h) BMW (BMW, 2014a) and Subaru (under Fuji Heavy

Industries)(Domestic, 2014)Overseas, 2014)

From

t hose

corporations

locations shown irfrigure20 are located in areas of active automotive manufacturing. The main

regions are Germany, Michigan in the United States, central Mexico, Chennai India, Coastal

Brazil, Central China, South Korea, and Japan.

2013 PRODUCTION STATISTICS

e,

Country

China

USA

Japan
Germany
South Korea
India

Brazil

Mexico

Cars

18,085,213
4,368,835
8,189,323
5,439,904
4122 604
3,138,988
2,722,979

1,771,967

ol
-

Commercial

vehicles

4,031,612
6,697 597
1,440,858
278,318
398,625
741,950
989,401

1,280,408

.
-

Total

22.116,825
11,066,432
9,630,181
5,718,222
4521429
3,680,938
3,712,380

3,052 395

%
change

14.8%
7T1%
-3.1%
1.2%
-0.9%
-7.0%
91%
1.7%

Figure 21 OICA 2013 Top Producing Countries(OICA, 2013)

b

To further confirm the validity of the location for the HAC generally, the locations were

also based on which countries had the highest vehicle production from the International

Organization oMotor Vehicle Manufacturers 201#atabas€OICA, 2013) The countries used

in the hypothetical list are the top producers from the OICA list
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Table 1 Vehicle Water Usage by Various AutomakergGM, 2014a), (VW, 2014d), (Ford, 2014a) (Peugeot,
2014) (NissanRenault, 204), (Fiat-Chrysler, 2014) (Daimler, 2014) (BMW, 2014b)

Most Recent Watel
.| Year of mos| Target
Usage per Vehiclg ecent | Reductior Year of Goal

Globally (r/vehicle)
GM 4.39 2013 15% 2020
Volkswagen 4.55 2012 25% 2018
Ford 4.00 2013 30% 2015
Peugeot SA 4.00 2013 Numeric 2020
Renault 7.02 2013 15% 2016
Fiat-Chrysler 3.23 2013 40% 2020
Daimler 5.22 2013
BMW 2.18 2013 45% 2020

Table 2 GM Total Water Usage ard Select IntensitiedGM, 2014a)

GM Total Water
Withdrawn 42,589ML
Discharged 34,923ML
Consumed 7,666 ML
Volume of Recycled 18,879ML
Water Intensity Avg. Mexico 0.0021ML per vehicle
Water Intensity Avg. World 0.0046ML per vehicle

Table 3 VW Total Water Usage and Select Intensitie$vVW, 2014e)

VW Total Water
Withdrawn 54,41°FML
Discharged 35,419ML
Consumed ML
Volume of Recycled 3,800ML
Water Intensity World Avg. 0.00434ML per vehicle
Water Intensity Germany Avg. 0.0031ML per vehicle
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4.1.2 Public Water Usage Data from Current Automotive Manufacturers

Most automakers release a Corporate Sustainability Report that contains a variety of
relevant information for water research. One key number for any examination is the water use per
vehicle.Table1 shows a collection of the per vehicle water usage’ipanvehicle, and from that
dataHAC values are within that rangids apparent that to manufacture a car, it takes fratm®

of water on average

Additionally, CDP has a Water Information Request that some automakers report some of
their water usage through. These reports are particularly insightful because the companies are
encouragedo disclose facility specific information as well as how the company perceates
issues generally. GM and VW have both responded publicly to the CDP 2014In¥@ateration
Request. For the purposes of creating a realistic HAC, their total water usage information is

collectedin Table2 andTable3.

Although these numbers will not be used directly in the HAC, their values provide a gauge
for a range of pantial values for the HAC. The water intensity values reported in the CDP Reports
closely correspond with the companiesd sustai

me/vehicle inTable4.

Table 4 Reported Water Intensity Values from CDP Reports (converted to m3/vehicle) and Corporate
Sustainability Reports (GM, 2014a)(GM, 2014b) (VW, 2014d) (VW, 2014e)

Reported Water Intensity Values
CDP GM World 4.39m3vehicle
CSR GM World 4.60m>/vehicle
CDP VW World 4.59m°/vehicle
CSR VW World 4.34m3/vehicle
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Although there is a slight discrepancy, considering the magnitude of the values these
numbers are calculated from (Total vehicles produced andwatal usage in a given year) and
that the CDP reports request meggers (unit conversion)the values are good repretdions of
the water intensity foeach manufacturer. These val@sused to give aepresentative water
intensityfor HAC facilities. Additionally, the CDP Reports contain facility specific water usage

by a selection of GM and VW facilities, shownTiable5 andTable®6.

Table 5 Water Usage Reported by GM(GM, 2014b)

GM Water Usage By Reported Facility (mega-Liters)

Country Surface | Groundwater| Municipal Discharged Consumption
San Luis Potosi Mexico 126.7 0 126.6
Silao Mexico 610 118.4 491.6
Nairobi Kenya 38.3 15.6 22.6
Cairo Egypt 148.2 118.6 29.§
Port-Elizabeth Straundale South Africa 104.4 96.3 8.4
Qingdao China 830.9 402.3 428.5
Yantai China 2349 1184 1165.4
Elizabeth Australia 362.7 177.2 185

Table 6 Water Usage Reported by VW(VW, 2014e)

VW Water Usage by Reported Facility (mega-Liters)
Country Surface [ Groundwater|  Municipal Discharged Consumption Total
VW South Africa (Uitenhage) EnginegSouth Africa 382.54 167.24NA 549.76
VW Sachsen (Chemnitz) Engines Germany 95.95 29.42 54.59NA 179.94
VW Puebla Mexico Mexico 309.37 1380.64 1617.61INA 3307.67
VW India Pune JV Total Workforce |India 255.63 153.6NA 409.23
2:::;“;’;}‘;:2”g:l‘;;':’agfu”rgai:‘a”gha" China 15510.4 12302.3]NA 27812.7
Rest of World 3.69 331.27 2602.19 1707.24NA 4644.2

These water intensity values can be useldelp create a realistic water usage profile for
the HAC facilities. The intensities should be arodnah®vehicle depending on thegion, and
water usage profiles typically contain municipal water sources with occasional surface or
groundwater sources. Most facilities total water usage should be between 50a@D1y900,000

m?® (50 megal.iters to 1000 megditers). These numbers wespond with all of the collected data,

33



and the agreement between automakers and varying reports validates them.

4.1.3 Public Production and Worker Information from Current Automotive

Manufacturer s

In order to have realistic production and worker information ttee HAC, current
automaker information needed to be collected. Although the HAC is only a representation, having
a valid set of values for production and workers at each facility is important to ensure that the work

with the water tools is useful.

Volkswagen lists their facilities and many production and worker figures publically
(Volkswagen, 2014a)Bentley, 2013) Though the information is not complete for all facilities,
there are substantial number available. F@Fdrd, 2014b)SubaryDomestic, 2014§Overseas,

2014) Hyundai(Hyundai, 2014) BMW (BMW, 2014a) and FiatChrysler(FCA, 2014)have

similar public references. The information from these automakers was used to create the HAC
locations. All of the HAC locations are located close to, or exactly at, a location from one of these
automakers. For example, the USA Car and Truck locatienkeated near Detroit where Ford,

GM, and FCA all have substantial factories. The India Car and Truck are located near Chennai,
India, which is a very industrial area with automotive production. The Germany Car location is
located near numerous vehicletiaries. Mexico Car, China Car and Truck, Japan Car and Truck,
South Korea Car, and Brazil Car and Truck are all located close to other automotive manufacturing
locations as well. The notable locations are the UK Super Luxury Car location, which is loosely
modeled from BentleyBentley, 2013)and the two powertrain locations: Germany Engine and
Brazil Transmission. Those are loosely based on Salzgitter GermanfvWjy2014a)and the

VW Brasil engine factory in Sao Carl@gw, 2014c)
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2000 %M s Terma of Use

Figure 22 BMW Global Facilities (BMW, 2014a)

Figure 23 VW Global Facilities (Dooley, Kyle, & Davies, 2013; FCA, 2014; Volkswagen, 2014a)
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Figure 24 FCA North America Locations (FCA, 2014)

VW, Hyundai, and BMW also listed the employees and production estimates for most of
their facilities. This information is useful for two main reasons: the production numbers will give
and idea of the water usage and the worker numbers will allow an indirectusatgr number to
be calculatedTable 7 is a collection of the VW production plants public information. That
information can be compared with otheraamo t i ve manuf acturersoé publ i

ensure that the HAC has realistic worker and production data. The information in

Table8 from Hyundai andrable9 from BMW contain worker and production information,
and although the numbers vary from manufacturer to manufacturer, they are close. Hab\&n,
7 shows the averageshicle, powertrain component, or super luxury vehicle produced per year per
worker. In other words, the average VW factory (average of theriiestiisted above) produced
29 wehiclesper workerina givenyear The metric AProduct(iPYWW)peirs

created to show that relationshifhese values help to make the PYW factor scalable for any size
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factory. There are differences between manufacturers, as would be expected.

Table 10 demonstrates that for a standard automotive factory, it is reasonable to have a
value for PYW from 290. For a powertrain component factory, a much higher value of PYW is
expected in the range of 4800. For Siper Luxury facilities, such as Bentley or Rolls Royce, the

PYW value is much lower in the single digit range.

For the production total for a facility, the pattern is generally the same. For powertrain or
component factories, per year production is typicaround 500,000 units. For standard
automotive assembly, the total production can range from 50,000,000 units depending on

the factory. For Super Luxury facilities, the number is typically in the thousands.

Table 7 VW Production and Workers (Volkswagen, 2014a)

Capacity is in yellow

VW Production and Workers by Reporting Facilities

Facility Production Workers Prod/Year/Worke
VW South Africa (Uitenhage) 100,00( 4,381 22.8
VW Chattanooga (USA) 150,00( 1,700 88.2
VW Cordoba (Argentina) Tran - 1,504 _
VW Pacheco (Argentina) 60,000 3,600 16.7
VW Sao Jose Dos Pinhais (Brazil) 317,55( 24,000 13.2
VW Sao Carlos (Brazil) - 24,000 _
VW Puebla (Mexico) 300,004 15,109 19.9
VW Pune (India) 130,00( 3,572 36.4
VW Chanchun JV (China) 600,00( 9,80( 61.2
VW Sarajevo (Bosnia-Herzegowina 3,500 308 11.4
VW Chemnitz (Germany) 1,000

VW Dresden Phaeton (Germany) 800

VW Salzgitter (Germany) 6,000

VW Wolfsburg (Germany) 807,00 48,004 16.
VW Zwickau (Germany) 365,00 6,20Q 58.
VW Polkowice (Poland) 1,200

VW Pamplona (Spain) 300,00 5,000 60.
VW Bratislava (Slovakia) 220,00 7,50Q 29,
Bentley Crewe (UK) 4,000

If vehicle production and
Component production in Blue component export were
listed, just vehicle productio
LuxuryinRed was listed on chart
No commercial or industrial vehicles
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Table 8 Hyundai Production and Workers (CZ, 2014; Hyundai, 2014; TR, 2014; USA, 2014)

Hyundai Production and Workers

Facility Production | Workers Prod/Year/Worker
HY Ulsan (SK) 1,500,000 34,004 44.1
HY Asan (SK) 300,00( part of Kaesong IC

HY Alabama (USA) 399,50( 3,000 133.2
HY India (2 Factories) 633,006

HY Czech 303,00( 3,300 91.§
HY Turkey 200,000 1,700 117.6
HY Russia 200,00(

HY Brazil 167,00(

Capacity is in yellow

No commercial or industrial vehicles

If vehicle production and

component export were listed, jut

chart

Table 9 BMW Production and Workers (BMW, 2014a)

vehicle production was listed or

BMW Production and Workers by Reporting Facilities
Facility Production Workers Prod/Year/Worker
BMW Dingolfing (Germany) 340,000 18,50( 18.4
BMW Hams Hall (UK) 800 | 500(
BMW Oxford (UK) 191,00( 3,800 50.3
BMW Rosslyn (S Africa) 53,000 1,70Q 31.2
BMW Spartanburg (USA) 300,00( 7,000 42.9

RR Goodwood (UK)

Capacity is in yellow

No commercial or industrial vehicles

If vehicle production and

component export were listed, ju:
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Table 10 Averages for per Year per Worker Production

Averages for Production and Workers
Average Average Average Super
Automaker Vehicle PY\ Component PY\ Luxury PYW
VW 29 437 5
BMW 36 500 3
Hyundai 90 NA NA

There are also regional differences. Although VW is the only sdarcEable1l, a few
trends can be understood. Intuitively, Asian, European, and North American facilities had the
highest production. This is likely due to those o&gi being the largest markets for car production
generally(OICA, 2013) Those regions sb contain countries where labor costs are higher, such

as Japan or Italy, which would encourage automdtiabor, 2011)

Table 11 VW Group Facility Averages by Region(Volkswagen, 2014a)ncluding capacity figures

VW Regional Production per Worker and Productior
Regional PYW (no ququ) Production Averag¢
Asia 61.2 600,000
Africa 22.8 100,000
Europe 35.3 339,100
North America 54.0 225,000
South America 14.9 188,775

4.2 Hypothetical Automotive Company Profile

This Hypothetical Automotive Company is based on the public data collected about current
automotive manufacturer@nce the Hypothetical Companyastablished, the tools can be dise
the company profiléo examine what the risks and water issues are in those locations. This also

serves as an opportunity to examine what the current water tools are capable of examining.
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The inputs listed are the only @hinput into any tool. For example, the Water Risk Filter
has an entire survey with many more questions and if they are not answered by the HAC profile,
they are left blanlor the default values are removéithis is done to create as similar inputs as
possible to be able to compare the outputs of the tools. The Water Risk Filter will have some
additional analysis based on the other parts of the survey, but that will be a separate section from

the main tool analysis.

4.2.1 Water Usage Differences

The fACaTrauc&md Ications have different wat
gives an opportunity to examine how the tools handle similar locations with different water usage
information. Before any analysis is run, it can be reasonable to leave out an exanhat
Aqueduct with relation to water usage because it does not take water usage as(aeehguire
17). Additionally, there are regional differences for théawvaource. These are consistent with the
CDP Water Disclosure Reports from Gl&M, 2014b)and VW (VW, 2014e) The powertrain
factories listed for facilities 15 and 16 are broadly consistent with exigtingped irFigure23)

VW facilities that produce just engines and transmiss(®™g, 2014b)(VW, 2014c) The UK
Super Luxury Car location is a representation of the Bentley facility in the United Kingdom

(Volkswagen, 2014a)

4.3 Chapter 4 Summary

Chapter 4 summarizes the collected data about water use information for a variety of
automakersThe purpose of the collection is to create a representative automotive manufacturing
company profile, the HAC. The realistic values are important because it would not be useful to
create a company profile without having concrete water use informationthWithAC, it is now
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possible to run the water tools discussed in Chapter 2 and examine their results and the impacts
those results could have on the HAC. For example, if the HAC were a functioning company, the

facilities with the highest risk could be upded to recycle more water or rework their water

supply.
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Table 12 Hypothetical Automotive Company water profile based on publically
available automotive manufacturing data

Hypothetical Automotive Company (HAC) Water Data

Water Values in m? / year Vehicles
Facility Name Country Region Site ID | Latitude | Longtitude | Surface | Groundwater | Municipal| Total |Discharge|Recycled | Consumption | Production | Employees | m? water/Production | Pred/vear/Worker
USA Car USA North America 1 42.5 -83.4 400,000 400,000 200,0000 100,000 100,000 100,000 2,222 4.0 45.0)
USA Truck Usa North America 2 425 834 800,000 800,000 400,000) 200,000 200,000 200,000 4,444 4.0 45.0)
India Car India Southern Asia 3 13.1 80.27 200,000 200,000 100,000 50,000 50,000 50,000 233 4.0 60.0
India Truck India Southern Asia 4 13.1 80.27 400,000 400,000 200,0000 100,000 100,000 100,000 1,667 4.0 50.0
Germany Car Germany Western Europe 5 48.13 11.56 500,000 500,000 250,000 125,000 125,000 200,000 5,714 2.5 35.0
Mexico Car Mexico Central America 6 28.64 -106.1 200,000 200,000 100,000 50,000 50,000 50,000 1,111 4.0 45.0]
China Car China Eastern Asia 7 29.67 106.53 200,000 200,000 100,000 50,000 50,000 50,000 833 4.0 50.0
China Truck China Eastern Asia g 29.67 106.5 400,000 400,000 200,000] 100,000 100,000 100,000 1,667 4.0 60.0
Japan Car Japan Eastern Asia E] 35.18 136.9 400,000 400,000 200,000] 100,000 100,000 100,000 1,667 4.0 60.0
Japan Truck Japan Eastern Asia 10 35.18 136.9 800,000 800,000 400,0000 200,000 200,000 200,000 3,333 4.0 50.0
South Korea Car Korea Republic of |Eastern Asia 11 35.6 129.3 2,000,000 | 2,000,000  1,000,000) 500,000 500,000 500,000 8,333 4.0 60.0
Brazil Car Brazil South America 12 -23.6 -46.6 200,000 200,000 100,000 50,000 50,000 50,000 3,333 4.0 15.0
Brazil Truck Brazil South America 13 -23.6 -46.6 400,000 400,000 200,0000 100,000 100,000 100,000 6,667 4.0 15.0
UK Super Luxury United Kingdom  |Western Europe 14 53.099 -2.44 110,000 110,000 55,000 27,500 27,500 2,000 4,000 55.0] 3.0
Germany Engine Germany Western Europe 15 48.13 11.56 200,000/ 200,000 100,000 50,000 50,000 1,000,000 2,500 0.2 400.0)
Brazil Transmission  |Brazil South America 16 -23.6 -46.6 200,000 200,000 100,000 50,000 50,000 1,000,000 2,500 0.2 400.0/
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CHAPTER 5 GLOBAL WATER TO OL ANALYSIS OF HYPOTHET ICAL

AUTOMOTIVE COMPANY

5.1 Global Water Tool Overview

The GWT has many capabilities related to water analysis. Following the workflow
described earligffFigure4); the following sections are a demonstration of what the tool is capable
of doing Inputting the HAC profile into the tool is outlined first, and then the results are examined.
Additionally, thereis an analysis of the ddrence between watershkel data and countrgvel

data.

It is important to note that this tool, unlike the others, is an Excel workbook and not an
onlinetool,.The version of the GWT used2i0d2Thsiss t hes
importantbecause the same tool can be used and saved independently by the user. This means that
the tool will give consistent result¥heremaybe newer versions of the GWT provided by the
WBCSD, but the results for this thesis are fritia 2012.1 versiorHlowever, the other tools will
always be using the latest datasets availasen though the results may not be consistent each

time the tools are usedue to updates in the datasets or tool calculations

5.2 Input HAC into GWT

Facility location, industry type, and water accounting information are needed as inputs for
the tool to operatelhe water data input into the tool exactly matches the Hypothetical Company
Water Data fronTable12 in Chapter 4 That information is input into the todirectly or in the

form of an input boxn the GWT Figure25).
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|»

Closal

Lo &
ater Data Form =
tool’
Entity N3m9'| General Cars | Year ¥ Show ToolTips
[Previous [ oo cances
 Inventory for Mapping Tool
Site Name USA Car Latitude (deg.dddd) 425
Site ID 1 Longitude (deg.dddd) 83.4
Country | uUnited States of Amer -
.
Operation Type | |NDUSTRIAL -
 Inventory for Metrics and GRI Indicators
Water Withdrawal (m3/ year)
Freshwater Sources Non-Freshwater Sources
Surface | g Ocean
Ground water 0 Surface (Other than ocean)
Municipal Supply | 2poo00 Groundwater
External Wastewater External Wastewater —

Figure 25 Data Input Form for GWT

5.3 Results for HAC from GWT

5.3.1 Output from GWT

The GWT has multiple outputs that all fall into three types: maps, metrics, or water
accounting reportsThe fiReporting sectionof the GWT is to simply collect the water data and
aggregate it into the format of some reporting groups, such as the Carbon Disclosure Project or the
Global Reporting InitiativéWBCSD, 2011c) For the purposes of thikesis investigating how
to analyze water issues and their impacts by manufacturing, this function does not serve much
purpose. However, for companies reporting their water usage, this capability eorgdytuseful
(WBCSD, 2011c)As noted in a variety of papef€DP, 2014; Falkenmark et al., 1989; &lier
et al., 2014; Rijsberman, 2006)e metric that affects industrial operations the most is water
stress/scarcity. Becausealack of consistent definitions of those terms, they will be explained in
detail for each tool. Additionallyht othercountry and \atershednetrics as well as the mapping
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capabilities are usefufor this investigatiorof the water situation of the HA@&nd how that can

inform other companies or groups.

5.3.2 GWT Equations for Stress/Scarcity

The GWT calculates stress according to the definition of water stress as defined by

FalkenmarkFalkenmark et al., 19897 his calculation is shown iBquationl.

Equation 1 GWT Calculation of Water Stress

YOI BiMOEIYY oY & Qi TERHI

The GWT also has a scarcity metric, and it is a calculafitime Total Annual Withdrawal
and the Total Annual Available for a given grid of land (given by a 30 minute x 30 minute latitude

by longitude resolution)WBCSD, 2011h)

Equation 2 GWT Calculation of Water Scarcity
T e o YE ORNE 6w OU QO ,
YOOl W x W 0. QE

"YE OGRAE O QA G A Q

5.4 Country Reports from GWT

5.4.1 Overall Country Results

Country Reports group the facilities by country and combines their water usage. The results
are therreorganizedy individual metrics and the mapping functions. On the Output Country tab
in the workbook, the values of individuenetrics from designated databases are listed. For
example, the Annual Renewable Water Supply per Person Projection raw values are available. The

water usage is combined for each country. For exampleigure 26 the values for all of the
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facilities in Brazil are used in the overall calculation. All of the figures that follow are based on

the Hypothetical Company water input, unless otherwise noted.

Total
Total Renewable Total
Renewable per  per person Renewable per
person (actual) (actual) person (actual)

(TRWR/person) (TRWR/person) (TRWR/person)
(2008) (2025) (2050)

(m3personlyr)  (m3personfyr)  (m3personiyr)

Americas

Brazil Car

Brazil Transmission

Brazil Truck
Figure 26 GWT Raw Value of Annual Renewable Water Supply Projection
This is a useful feature because it can quickly give the user an overview of the water supply

in a given country generally. However, the drawback is that thktiescicould be experiencing

different water situations different locations in the country

For the country levelRenewable Water metricno counties HAC facilities are
experiencing more t han Faure®s This figsre iadicdtes théeré¢ ameat i o n
three facilities in countries where the total renewable water per person has fallen into a stressed
state which is defined as at or below 1708/person/yea(Falkenmark et al., 1989 the value
had been above 1706%person/yeathen it would not be listed in a stressed statiditionally,
there is a projection of the renewable water supply per person from FAO for the year 2025 shown
in Figure28. This projection will be shown for individual facilities later, but it important to note
that these two figures={gure 27 andFigure 28) allow the user to quicklynderstandhe entire
comp a nstréss profile for Country Renewable Water supply and a projection of that metric to

2025.
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Sites Distribution (Countries)
TRWR per person
(Source: FAO, 2008)
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Figure 27 FAO Renewable Water per Person by Country Average Values

Sites Distribution (Countries)
Projected TRWR per Person for 2025
(Source: FAO, 2008)
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Figure 28 FAO Renewable Water per Person by Country Average Values Projection for 2025

5.4.2 Individual Facility Results

The GWT outputs the countrgsults in a large table with facilities grouped by country.
Tablel3showsall of the outputs from the country report. Most come from the AquaStat database,
but the UN Population Division and the WHO/UNICEF databases contribute as well. These
databases give very interesting water metrics, such asafiopiserved with improved sanitation,

Agricultural water withdrawal as a part of total, and Desalinated water prodibedFAO
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AquaStat database has Total Renewable water and Internal Renewable water values. The
distinction between those types of waigerthe Internal Renewable is the average flow from
precipitation, and the Total Renewable is a measure of the total water available per inhabitant
(WBCSD, 2011h)Other metrics from the GWcountry output are potentially useful, such as the
Industrial Water Withdrawal as part die total water withdrawn(%). For example, for the
countries investigated in Europe, UK and Germany, the percentage is verggwish,and 67.9%

respectively, Wereas in India that number is very low at 5.5%.

Other metrics are also indicators of the water infrastructure, such as the WHO/UNICEF
values for Population Served with Improved Water or Sanitation. However, for the purpose of this
thesis, the maigountrylevel metric is the Total Renewable per Person per year. It is a measure
of M person/year and foll ows t he work by Fal |
(Falkenmark et al., 1989Because this metric has similar units to the watershed level metric in
the GWT (as well as metrics from Aqueduct and the WRisk Filter) and is the standard
calculation for water stress levels, it will be examined further. It will also be the metric most used

to compare the results of all the tools.

The ATot al Renewabl e Water Suppswihapvater Per s
stress state. The value from a database is assigned to a facility input into the tool based on its
location. From that value, a corresponding stress state is given based on the ranges&iaen in
14. These values are ingrained in the GWT, and the same values are consistent between tools and

different databasg$alkenmark et al., 1989)
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Table 13GWT Country Level Outputs for HAC
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Table 14 shows the standardized Falkenmark water stress rangesed by the GWT and is consistent across
tools and studieqFalkenmark et al., 1989; WBCSD, 2011h)

Standard Water Stress Ran(

Abundant
Sufficient
Stress

Scarcity
Extreme Scarcit

The consistency of the stress state for the meisicseful because the state is what is
important for a company, not the aal value of the metridt allows different databases and water
analysis tools to give the same type of output so that users can consistently understand results. This

also allowdirectcomparisons to be made, which will be covdegdr in this thesis

As expected, the Country Level Output gives the same value for all the facilities in a

country. The GWT Map of the HAC with a courdgrel water stress is shownkigure29.
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Figure 29 GWT Renewable Water per Person 2008 Map with HAC Facilities
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Figure 30 GWT Renewable Water per Person Projection for 2050 Map with HAC Facilities
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Figure 31 GWT Renewable Water per Person Projection for 2025 Map with HAC Facilities

The GWT also gives a projection of the estimates water stress for 2025 and 2050. These

projections do not take into account climate change, and are primarily based on population

estimategWBCSD, 2011bxand are shown iRigure30 andFigure31. Though these projections

do not include climate change influences, they still show the water stress level increasing or staying

at the same level for each countiable 15 shows the Total Renewable per Person for each

country that has a facility in HAC. One key concept to note is that the exact value of total or
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projected renewable water doed determine thavater stress stat&®/hat determines the water
stress staté is which range it falls irbased on the Falkenmark indesxtegories shown iffable
14. For example, the country of Brazil is listed as having 42,88parson/year, yet it is listed as

having thesame water stress state as the Mexico at 4,2&son/yeatabundant

The GWTI Country Reports growpthe facilities by country and combines their water
usage This can give the user an idea of the current water stress state and projections for future
stressHowever the main issue with country averages is that it is not detdiigng/ater stress for
each facility specifically. For example, with this database, it is impossible to determine a difference
between two locations in the same courfoly any water metricDespite this issue, the Total
Renewable per person metric can lsedito estimate the stress, and will be compared with the

water stress values from other tools and databases.
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Table 15 Country Renewable Water Supply per Person results for HAC from GWT

Total
Total Renewable Total
Renewable per per person Renewable per
person (actual) (actual) person (actual)
(TRWR/person) (TRWR/person) (TRWR/person)
(2008) (2025) (2050)
(m3/person/yr) (m3/person/yr) (m3/person/yr)
Americas
Brazil Car
Brazil Transmission
Brazil Truck
Mexico 3,706.05 3,545.18
Mexico Car
United States of America
USACar
USATruck
Asia
China 220400 | 193609 | 198421 |
China Car
China Truck
India 159100 | 131352 | 116495 |
India Car
India Truck

For context, (based on the idessmmed inFigure 1) if the countrylevel reports from
GWT were reported to the HAE x e ¢ u, the no@kdedacilities would only be thaes listed as
being AStressedo with t heipersowyedr.ddowereny thepvhlyes b ei n
for the water supply were relatively close to that number, so the mitigation of the risk may be as
simple as ensuring the local infrastructure can handle the supply tailitg. fihe countrylevel
report for the HAC pesents a situatioof a few facilities that are concernirgut overallmost of
the facilities are in a 0SuThe ontyistesstm@tricdisted 6 Abur
three facilities as a potential for supply problems, and the rest ofdétreesnwere not cause for

concern.

5.5 Watershed Reports from GWT
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The GWT also hasa collection ofwater metrics based on watershed level data. The
differencebetween countrdevel and watershelgvelis that the countrevel data is an average
(typically) of the water metric inside that country, and the waterdénel metrics are the values
in that watershedh a particular location (typically based on GPS coordinaids} watershed
output from the GWT is not as extensive as the country olpufacilityinformation, t is limited
to AnnualRenewabléVaterSupply per perso(ARWS) and a projectiofor 2025from the World
Resource Institute, MeannhualRelativeWaterStressindex(MAR) from the University of New
Hampshireand if Conservation International lists a given location as-dikgrsity hotspotThere
are additional mapping results that do not have values specifically broken down for the facilities.
The metrics that are mapped but not given as raw values arefinental Water Scarcity Index
by Basin (EWS) and Areas of physical and economic water scarcity Q&Sjite the relatively
limited number of metrics, the increased resolution and mapping capabilities can provide insight

to the HAC water situation.

The Annual Renewable Water Supply (ARWS) per person metric follows the same rules
as the Total Renewable per person metric from the country report. The metric follows the
Falkenmark indicator for stress levelBable 14) and will be compared with the courdigvel
results later in thishapter of théhesis. The projection of ARWS is based on population, and does
not take into account any infrastructure or climate changeasms.Both the water stress state

and projection databases are produced by the World Resources I((8{BESD, 2011b)

The University of New Hampshire (UNH) Meaknnual Relaive Water StressIndex
(MAR) is a unique water metrié\ccording tothe GWT FAQA A r ati o of 0. 4 or
conditions of water stress, and one that is more than likelytapping the resources needed to

sustain a functioning freshwater ecosystem. A&ll@f more than 1 is hypexrt r e gWBESD, 0
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2011c) It is essentially a measure okthatio of water use to the renewable water available. The
database also has a much higher resolution than most water metrics, 30 minute x 30 minute

(latitude and longitude).

The International Water Management Institute (IWMI) is a NGO research organizati
that investigates water and land management issue in developing countries. For the GWT, there
two metrics from IWMI are mapped, although the individual facility results are not given
explicitly. The Environmental Water Scarcity Index by Basin (E\gSmilar in principal to the
MAR metric in that is a ratio of use to the available renewable water. However, it is calculated for
a given water basiand not for a specific GPS location. The other metric tracked by IWMI is Areas
of physical and economic watscarcity PES). This metric takes into account human, institutional,
and financial influences in water availability. The results are broken down into four categories: 1)
Little or No Scarcity 2) Approaching Physical Scarcity 3) Physical Scarcity 4) Economic Scarcity

(WBCSD, 2011b)

5.5.1 Overall Watershed Results

The overall HAC results are presented in a similar manner as the ctevdryesults.
Figure32 shows that according to the ARSWnetric, there arethreeHA C f a c iBxtreme es i n
Scarcitypandonei n 6 S cRgure2i7 fro;mdhe countrjtevel report showed no facilities in
e i t Bxgame Bcarcior Scarcityd The Falkenmark indedefines any per capita water supply
below 1700 rYperson/year as a situation in which disruptive shortages of water can occur. Having
a valugfor ARWS below 500 miYperson/year for three facilities is cause for concern for the general
operation of the HACThe other facilitythatisina A Scar cityo water stre:

concern as wellThe projection from WRI of thARWS for 2025shows no change in terms of the
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state of water supply for any of the locatidhgure33.

Sites Distribution (Watershed)
Annual Renewable Water Supply per Person
{Source: WRI, 1995)
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Figure 32 Watershed-Level Combined ARWS by Falkermark Index

Sites Distribution (Watershed)
Annual Renewable Water Supply per Person
{Source: WRI, Projections for 2025)
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Figure 33 WatershedLevel Combined ARWS Projection by Falkenmark Index

The projection is wuseful to observe t

watersheedevel water stress profile is significantlyrerthan the countryevel water stress profile
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(Figure29). The difference is drastic between the coutgrnel and watershelgével Falkenmark
stressstates.

The MAR index from UNH shows another overall company profiteg(gre34) with only

one facility in a scarcity condition and the rest of the facilities in lcavcity conditions.

Sites Distribution (Watershed)
Mean Annual Relative WSI
Source: UNH, 2000
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Figure 34 Watershed-Level Combined MAR HAC Profile

Finally, Cl groups the facilities by their status as being in a location of a biodiversity
hotspot. This may be an important metric for environmental coscbut it will most likely not

affect the operations of a faciljtyarring an intervention of some kind from a restriction of industry

to protect the hotspot.
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Sites Distribution (Watershed)
Biodiversity Hotspots
Source: CI, 2004
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Figure 35 ClI Biodiversity Hotspot Profile

The watershedevel m¥/peron/year value for renewable water map shows the level of

detail that is offered by the GWTFigure 36, Figure40, andFigure41 show theUNH Relative
Water Stress IndexMAR), Annual Renewable WateBupply per perso (ARWS), and a

projection of ARWS for 2025 respectively
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Figure 36 Map of MAR for the HAC Facilities

The important difference for the watershed metrics is their level of detail compared with
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the country level metricsor example, the HAC Facility in Mexico is listed lasing in a state of
AiScarcityo ac c o rledal Falgenmaok rengwable watdr iadicatdr, ul the facility
is |listed as nAbleval &akenmark ifdigatot for eenewable watempgping

the metrics Eigure29 andFigure40) show the difference between the two.

The PES magigure37 (which is the only way the metric is alable in the GWT) shows
watershed divided into one of four categories as described in the previous section. This metric
could potentially help a company estimate what types of issues may arise in different regions. The
EWS map(Figure38) works very similarly to théIAR metric, although the ratio is reversed in
this case, with larger values corresponding with more dire water scarcity. Finally, the GWT can

also map the Bdiversity Hotspots shown iRigure39.
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Figure 37 Map of PES for the HAC Facilities
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Figure 39 Map CI Biodiversity Hotspots with HAC Facilities
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These overall results from the GWT can provide insight, but there is a significant amount
of disagreement on the general stress statieeoprofile. If the HAC followed thé4AR metric,
only one facility would be listed as problematiche HAC primarily concerned themselves with
the ARWS, then four facilities are in stress states that are cause for concern because of the risk of
disrugion of operationsThis is shown imTable16, with the MAR and ARWS having practically
no alignmentThis is due for two main reasons: First, the metrics are cadcuthtferently, one
uses the Falkenmark Index and the other is a ratio. Second, the databases are from different years,
1995 for ARWSWBCSD, 2011band 2000 for MARWBCSD, 2011b)The additional mapping
functions can provide insight for different geographic redgiovester situation, but are harder to
use because of the lack of facility level information. Finally, the ©tiBersity Hotspot metric
may be useful for other applications, but whether or not a facility is in a biodiversity hotspot likely
does not pose a risk to operations. A more detailed biolelgas®d risk analysis may provide
more insight on the impacts ehdangered species; however the GWT provides a starting point
for this type of analysifWBCSD, 2011a) The overall agreement and impacts of the GWT

Watershed Report will be covered in the following sections.
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Table 16 GWT Results for HAC of ARWS and MAR

WRI UNH
Annual Renewable Mean Annual
Water Supply per Relative Water
Person Stress Index
(1995) (2000)
ARWS MAR
Facility (m3/person/year) (unitless) ARWS State Key
USA Car
USA Truck Ho Data
India Car B Extreme Scarcity
India Truck Scarcity
Germany Car Stress
Mexico Car Sufficient
China Car B Abundant
China Truck
Japan Car MAR State Key

Japan Truck

Ho Data
South Korea Car Low
Brazil Car Hedium
Brazil Truck Stress
UK Super Luxury B scarce

Germany Engine
Brazil Transmission

5.5.2 Individual Facility Results

The individual facility results are essentially a table with the WRI, UNH, and CI metrics
for each facility. This means that for any facility, the raw values of ARWS, the projection of
ARWS for 2025, MAR Index, and whether or not the facility is in a Biedsity Hotspot are

available in the workbook.
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Figure 41 Map of Projection of ARWS for the HAC Facilities

The raw values shown ifiable17 give the user an immediate understanding of the water

situation at each facility in terms of the water stress according to those four metrics. The projection

of the Annual Renewable &ter supply per person is based on population only, but it serves as an

estimate for the metric in the futuf@/BCSD, 2011b) For example, the Mexico Car facility is

projectedtomovefrom A Scarcityo stress state to
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that the water situation for that facility could seriously impact that facilities opergtionst
Schornagela, 2012However, the UK Super Luxury facility is projectedt move fr om A EX:t
Scarcityo to AScarcity. o This means the tool
likely become better. This table essentially gives the individual facility breakdown of the overall

and mapping results shown prevityus

Table 17 Watershed Resultsfor the HAC from GWT

WRI UNH Conservation International

Annual Annual Renewable
Renewable = Water Supply per Mean Annual
Water Supply Person Relative Water

per Person (Projections for Stress Index

: Biodiversity Hotspot
Site Name (1995) 2025) (2000)

(m°personlyear) (SRR (nTEss)

USACar NO

USA Truck <0.2 NO

India Car <0.2 NO

India Truck <0.2 NO

Germany Car 1,700 - 4,000 NO

Mexico Car 500 - 1,000 Madrean Pine-Oak Woodlands
China Car 1,700 - 4,000 1,700 - 4,000 NO

China Truck 1,700 - 4,000 1,700 - 4,000 <0.2 NO

Japan Car <0.2 Japan

Japan Truck <0.2 Japan

South Korea Car <0.2 Japan

Brazil Car <0.2 Atlantic Forest
Brazil Truck <0.2 Atlantic Forest
UK Super Luxury 500 - 1,000 <0.2 NO

Germany Engine 1,700 - 4,000 <0.2 NO

Brazil Transmission <0.2 Atlantic Forest

5.6 Correlation Between Country and Watershed Outputs

The ARWS per person falls into the same category of analysis as the Total renewable per
person metric from the Country RepoAccording tot he WBSCD, AConceptua
variables are the same, but the input data to calculate water supply is different: The Annual

Renewable Water Supply per Person uses average runoff instead of FAO country data to estimate
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wat er SWBEIDI, 211drhevaluesof watershed ARWiill be compared to the Country
Report numbers$or and checked for correlatioithe formula for calculating the coefficient of
correlation comes fronMeasurement and Data Analysis for Engineering and Scibpd@unn

(Dunn, 2005)

Equation 3 Coefficient of Correlation
B of &
Bo o Bw o

N

The water supply per person values are given as divecbers for the country results, but
grouped into ranges for the stress. For example, Brazil is given a rating of 42,886 m3/person/year
by the TRWR country metri¢but that is simplyratedas >4000or a stress st ate
the Falkenmark indexrhe watershed results are grouped into ranges and the exact value is not
known.The resultsare organized into stress states basedoges shown iffable14. In orcer to
performthe basiacorrelation calculatiofEquation3), the ranges are rescored into numbeks 1

shown inTablel9.
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Table 18 shows the range values of watershed (ARWS) and country renewable water per person (TRWR)

from GWT.
Watershed Country
Annual Renewabl TOt;LrR :;rz\g:bl
e " (actua
(TRWR/person
(1995)
Site Name )

(m3/person/year) |(m3/person/yr)

USA Car
USA Truck
India Car
India Truck
Germany Car 1,700 - 4,000
Mexico Car 500 - 1,000
China Car 1,700 - 4,000
China Truck 1,700 - 4,000
Japan Car
Japan Truck
South Korea Car 1,000 - 1,700
Brazil Car

Brazil Truck

UK Super Luxury
Germany Engine

Brazil Transmission

Table 19 shows the regrouped water supply values and the correlation coefficient.

Watershed Country

Total
Renewable pe

Annual Renewabl

HELEL S PP P person (actal
(TRWR/person
(1995)
Site Name s

(m3/person/year)|(m3/person/yr)

USA Car
USA Truck
India Car
India Truck
Germany Car
Mexico Car
China Car
China Truck
Japan Car
Japan Truck
South Korea Car
Brazil Car

Brazil Truck

UK Super Luxury
Germany Engine

Brazil Transmissio

WIN NN N

Correlation coeff. |r 0.552
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The correlation calculation represgttie state of the water supgdlyr each facility based
on the Falkenmark indewhich is what determines if the facility is at risk for ardggion If the
reported value of renewable water for a given location is 1 oitglS@te is still listed as extremely
stressed. The correlation calculation is calculating how related the listed states are, not necessarily

the exact value of the metifehich is not available for watershed water supply)

The value of the correlation coefficient is .52r most datasets, this value would
correspond with moderate data agreement. However, thesgosats$ align very welgiven that
they come from the sarsource and represent the same sB&dss That may seem obvious from
the results, but to have a statistical method is valuable to quantify the agreléigam42 is a
reorganization of the water stress states to graphically show the discrepseeresFigure4?2,
with 7 of the 16 facilities being given different stresastess by the two measures of stress (as
defined by the Falkenmark index) within the GWNine facilitiesresults agreebut some of the
differences in the stress state from watershed to country are extreme. For example, the facilities in
MexicoandtheUKkar e | i sted as being i n OABWSwatershedy 6 or

stress, but are | isted degelTRWS | east 6Sufficien
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Figure 42 GWT Watershed (ARWS) and Country Water Stress ValuefTRWS) for the HAC Facilities

5.7 GWT Conflicting Projection Within the Tool

Conflicting Renewable Water Stress State and Projection

Figure43 does showoneafc i | ity in one country moving f
water supply to a 0suf f i Eigue48prdectvaanuehrdiffesentp p | vy
water sitiation thanFigure 41 which was a projection from WRI based on data from 1995
(WBCSD, 2011b)Thisshows one problem that arises when companies or other organizations try
to get a handle on their overall water situation. Even using the same tool, there are two different
projections on what may happéecause the ARWS is based on watershed level datahan
TRWR is based on countigvel data Additionally, the databases for the tools are based on data
collected in different years. The ARWS is from 1998BCSD, 2011bjxnd the TRWR is from

2008(WBCSD, 2011b)Although it is difficult to know the exact cause of the discrepancy, both
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likely contributed to the discrepancy.

This issue will continue whenéfother tools results are compared to the GWT directly. So
how does the user of this tool begin to interpret these results? The main idea of how to handle this
is to get a firm grasp on exactly what water metrics are important to consider, to learn yiow the
are or should be calculated, todenstand what data will be used in those calculations, and
understand how that can affect both the environment and the groups operating facilities that require

water.

Sites Distribution (Countries)
Projected TRWR per Person for 2025
(Source: FAO, 2008)
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Figure 43 FAO Projection for 2025 of Total Renewable Water by Country Average of HAC Facilities

The GWT has a veritable bounty of country level information, but for the purposes of the
impact of water on a company, the renewable water supply is very pe(@i2Rt 2013) The
renewable water supply metric is recognizsda very good way to understand a locations water
stress generallgFalkenmark et al., 1989)f there is ample renewable water, the facility will get

the water it needs and the cost generally will not be high. However, if a facility is in an area of low
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renewable water supply, the opposite is likely the case.

To denonstrate the difference, the GWT has maps of both data sets for renewable water
supply; Figure44 andFigure45 demonstrate the differencalthough, as mentioned previously,
the data for the FAO renewable water metric and the WRI renewable watesaretmot exactly
the same, the datasets do demonstrate thereliite between country level data and watershed
level data. However, the Falkenmark values for renewable water still apply with the 1700

m3/person per year being the minimum to not be in a stresseqFaikenmark et al., 1989)

Figure 44 GWT Renewable Water per Person FAO 2008 Country ével Data
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Figure 45 GWT Annual Renewable Water per Person 1995 WRI Watershed Level Data

For example, irFigure 44, the United States, Canada, and Mexico are shown as having
abundant water, with the Bahamas having extreme scarcigigime 45 different regions in a
given country have vastly different levels. Intuitively, this concept makes sense. If a country has
abundant water in most places, it will be shown as having abundant water even if there are regions
in the country where the water situation is stressed. The watershed level data is local, and is based
on the water situation that a given watershed is exposétbtst Schornagela, 2012¥hen a
company or group is trying to assess the water situati@enfacility, the watershed level data is
more likely to give a more accurate picture of the water situation than a country le\ectaiae
the local water situation is what affects the facilities water su@jugst Schornagela, 2012)
Similar to the country level datalessand their water metrics, them® other metrics in the GWT

besides the particular ones covered.
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Figure 47 Country Level Projected Total Renewable per Person 2025

For example,the NC6s faci l ity in Mexico has a vast
watershed level metrics than the country level. It is located at 28.64° North; Y@ést. For all
of the countrylevel metrics, the average afgivenmetric in all of Mexico is shown, as Figure

47. For thewatersheddata based metrics, such\@atershed Level Projected Annual Renewable
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Supply per Person in the stress level is local and detailed. Howewer atieedifferences in the

way these metrics are calculated and their dataBetswuse of thatt is difficult to compare the
different types of metricslirectly. In lieu of a direct comparison, it is clear that the metrics disagree
with each other to such a degree (Abundant vs Scarcity) that they cannot both be correct. For
example Figure46 and Figure 47 show roughly the same projection, a renewable water supply
per person for 2025, and yet the metrics plotted on the map are completely different. As this
example contains two projections, stentirely possible that they are both wrong. However, they

cannot both be right.

5.8 Overall Results of the Global Water Tool

The GWT has a variety of output results. The results break down into two categories. First,
the direct data results that are catezgti into one of fivetress states according to tekenmark
index or statelefinitionsfor a particular metric.For example, the Mean Annual Relative Water
Stress Indexalues are a ratio that does not follow the Falkenmark index, but the resustil are
broken down into a variety of stress states, as showigure34, Figure36, Figure36andTable
16. The best aspect of the GWT is the variety of information that the user saragefrom the

needed inputs.

The ability to map the data, have an overall view of facilities, and see the raw data is very
useful. It allows the user to trace back exactly wieytool is giving out the information that it is,
and the user can have a very thorough understanding of what the results are communicating. The
HAC6s Mean Annual Rel ative Stress I ndex (MAR)
ways the tool outgts the information and how that can be usdfigure34, Figure36, andTable

17 show the ways the MAR metric can be output. The dashboard Figur€34) is useful to get
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a quick overview of how the entire company looks according to this metric. Fgume34 it is
immediately clear that one facility is shown &srig in a severe state, and the rest of the facilities
are in a low stress stateégure36 shows all of the facilities with the MAR mapped. This capability
helps theuser understand the regions that are affected by this metric and shows which facility is
shown in a severe state (For thA® it is Mexico Car). The GWT allows the user to see exactly
where the data came from, what the values of the metric are, an o@sadif the company, and

a map of the facilities and metrics.

However, there are a few problems with the tool. There is conflicting information as
discussed previoushyith the watershed level data and the country level data. The problem boils
down to thefact that not every location in a country is necessarily experiencing the same water
situation. That is not to suggest that the country level information is not useful, but it needs to be
in context.Country level results do not necessarily show the laeaér situation, which is what
typically affects operationgSchornagela, Nielec, Worrellb, & Béggemannd, 20E)wever, it
is sometimes the only information available for a giverimer location, and then it is the most

useful information for analyzing the water situation.

5.8.1 Use of Results

Companies or organizations can use the res
are found to be in stressed locations can be predtfor watersaving investments such as water
recycling. Second, the projections can be used for planning future expansions and help the decision

makers to avoid potentially stressed water supplies.

To understand how the two main metrics from the taals, it is important to understand

how they are calculated. The stress indicators in the GWT follow the Falkenmark index, which is
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the available water per year divided by the total people livirgither the watershed or country

The GWT scarcity definibn is a ratio of thavailable water to thtal water withdrawal.

GWT Stress = Available / People / Year
(m?/person/year)

Consumption >

GWT Scarcity = Available / Withdrawal
(ratio)

Total Use by
industry,
domestic,

agriculture

Available Withdrawal Discharge

People Living in
Area

Figure 48 GWT Stress and Scarcity Definitions Graphic

5.9 Summary of Chapter 5

Once it is understooeikactly what the tool results are and how the tool arrivédteaoutput
the results can be useftdaving an in depth understanding of the water profile and examining the
results can help an organization understand their water risks and stresses. According to
Schornagela, understanding the exact local water isitug critical (Joost Schornagela, 2012)
The more localized results are more likely to give good guidance on the exact water situation
location Once the facilities risk metrics are understpad organization can take steps to alleviate
that risk by reducing use, shifting locations, or changing water strategy. For the HAC, the GWT
found that the locations with the highest stress and risk were located in India, Mexico, and UK.

Armed with this ifiormation, the HAC executives could now take steps to reduce that risk and
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potentially help the company.

Figure 49 GWT Annual Renewable Supply per Person 1995 with HAC Locations
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CHAPTER 6 WATER RISK FILTER ANALYSIS OF HYPOTHETICAL

AUTOMOTIVE COMPANY

6.1 Water Risk Filter Approach

The Water Risk Filte(WRF)is an online too(http://waterriskfilter.panda.ojgunlike the
GWT, that stores locations and their information and has mapatef metrics and other analgse
The WRF is continuously updated by the World Wildlife Foundation, and the results for this thesis
came from theperiod of July 2014 to February 2015. The updates to the Wirfy mean that
results from the current iteration of the tool do not match results frisnthiesisAdditionally, the

guestionnaire may be updated, but the same inputeadt likelystill be applicable for the WRF.

The same inputs to the GWT were input, albeit in a different fashion. Theaseld WRF
keeps the facilities in a listndthe user fills out a survey of a variety of watelated questions.
Fromthe WVF: A Thi s tool hel ps companies and inves

all ows you to assess risks andWVFR2@8)s gui danc

The WRF was designed to be used by-n@ter experts. The tools tries to give as much
output as possiblwith whatever input is given. For example, questions can be left blank, and it
will not cause any errorfn addition the weighing scheme is simple (and can be adjusted) and has

preset values for a given industry. The preset default weights are from &peéRs.

6.2 Water Risk Filter Questionnaire

Theinput into the WRRool consists 080 questions, which include questions for the inputs
that match the HAC profile. The HAC profile was input into the survey, and all of the other

guestions were left blanK.he inputs were limitedo keep the tools operations as consistent as
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possible. Although the WRF includes questions about water quality and pollution, for the purposes
of this thesis they were left blankhe complete questionnaire and Brazil Car resporeskeated

in Appendix A.The WRF questionnaire also includes questions that are not included in the risk
scores. These questions were included to encourage an organization to think about the particular
topic (WWF, 2015b) The questions are divided int categories, Physical Risk, Pollution,
Physical Risk of Suppliers, Regulatory Risk, Reputational Risk, and optionaiomqsefsir WWF

for benchmarking or comments.

6.2.1 Physical Risk

The Physical Risk section of the questionn§oartly shown inFigure50) relates to the
availability offreshwater for the facilities operation as well as the withdrawal, recycled water, and
discharge from the facility. This section receives the inputs that were used in the GWT. For
example, the Brazil Car facility withdraws 200,008 of water sourced fronthe surfaceThe
amount of water recycled w&®€,000 i, so the amount recycled was 25%, so the option selected
in the WRF was 250%. Finally, the discharge was 100,008 the WRF gives the option for

the receiving body of the discharge, birtce the GW does not have that input, it is left blank.
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# 3. Total annual amount of freshwater withdrawn either directly from a water source or through the municipal supply (m3year)

o
a
s

_____

Please indicate the percentage of the total amount of freshwater that your company withdraws for its production’ operational site per water

source:

a 1-10% 11-50%  51-p0% ©1-100%
2a. Surface (e.g. River/ Lake) ] ] ] ] O]
3b. Ground-wster i O _‘: _‘"_ _‘"_
3e. Municipal Supply :
3d. Raimwater .:::. .:::. .:::. .::} (:}

3. Mon-freshwater (e.g. saltwater)
3f. Unknown Source

§ 4. Percentage of the total amount of withdrawn water that is recycled or reused (used more than once). Maximum answer for this indicator is 100%
25-50% o

# 4=. Total amount of waste water discharged? (m*year)

100,000

Figure 50 WRF Physical Questionnaire Section

6.2.2 Pollution

The HAC Profile does not include any water pollution information, and the information is
difficult to ascertain without testingnd is out of the scope of this thesis. The WRF has default
responses fodifferent industries. The list of industries is substantial (much longer than the
Aqueduct list), but for the purposes of this thesis the selection will be: Manufacturing ofrialdus
goods, household goods, home construction, personal leisure goods,s{gpliers).This will
be referred to as manufacturing profile for simplicifihe default pollution inputs for
manufacturing are shown Figure51. For an example of another industfygure52 shows the

default response for the agricultural industmyi@al products specifically).
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Pollution [Quality)

& 5. Typical level of water pollution caused by this industry
Some pollution
fa. Average ecotoxicity

122933612

Figure 51 WRF Manufacturing Pollution Default Responses

Pollution [Guality})
§ 5. Typical level of water pollution caused by this industry

Highly polluting industry
Sa. Average ecoloxicity

1.779

Figure 52 WRF Agricultural Industry Pollution Default Responses

6.2.3 Physical Risk of Supplier

The HAC has no supplier information, so the only inputs into the questionnaire are the
defaults for the manufacturing industi@ther industries have different responses, but for the
purposes of thithesis they will not be used. However, the defaultsrf@anufacturing will be left

in the questionnaire. Thmanufacturinglefaults are shown iRigure53.
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Physical risk of suppliers

# 5. Average water intensity of suppliers to this industry
Supplying industries to the industry are dependent on large amounts of water
9a. Country of origin of the main supplier(s) to the company

Brazi

0. Estimated total annual amount of freshwater withdrawn =u iers to this specific company or facility (m>yaar)
& 10. Estimated total f fresh hdrawn by suppli this specifi pany or fasility (myear)

& 11. Average level of water pollution caused by suppliers to this industry
Highly polluting supplying industries, based on the three pollution indicators

11a. Average ecotoxicity

11b. Average eutrophication

0

11c. Average acidification

0626

# 12. Flexibility of the company to change its main suppliens)
Figure 53 WRF Manufacturing Defaults for Suppliers

6.2.4 Regulatory Risk

The Regulatory Risk section of the questionnaire is three questions related to compliance,
penalties (such as fines), and if the company has potential significant regulatory issues. All of the

guesions can be left blank, so they will be to make the WRF inputs match as closely as possible

with the other tools inputs.

6.2.5 Reputational Risk

The reputational ri sk section of the quest

stakeholders that may bapacted, and engagement with other stakeholders. This section was left
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blank to keep the inputs limited.

Regulatory Risk

# 13. Compliance of the company to legal waste water quality standards

13a. If company does not meet discharge quality requirements, please explain which elements do not comply (e.g. CODY BODV

TSE! Chemicals! Temperature Matals/ etc ).

& 14. Has the company paid any penalties or fines for significant breaches of discharge regulations within the last 5 years?

14a. If yes, plesse describe the incident{s)

# 15. Is the company exposed to planned or potential significant regulatory changes?

Figure 54 WRF Regulatory Risk Questions

6.2.6 Optional Benchmarking Questions

The optional questions are the productioformation, and are left blank because these
inputs do not count toward the risk score and since the HAC does not exist, it would be

disingenuous to have WWEF include the information.

6.3 Water Risk Filter Resultsfor the HAC

First, it should be noted that $eresults from the WRF are from theriodof July 2014
to February 2015. The WRRaybe updated as time progresses so results from a current iteration

of the toolmaybe different the results shown in this thesis.

The WRF results are grouped into thragegories. First, individual results for each facility.
Thisincludes a heat map of riskBigure56) and allowsweightsto be put on different metrics

(such asscardty risk, Figure58). Second, a plot of all the facilities and their risks on a plot of
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basin and company related rislksgure55). Finally, WRF can output reports of the results. The
reports are company level, facility level, and a CDP report to aid with responding to the CDP
QuestionnaireThe reports also linto the mapping feature of WRF that is similar to the mapping
feature in the GWT. Additionally, the reports link to the Mitigation section of the WWF website

(WWF, 2013)

6.3.1 Facility Assessment and Weights

The individual facility results will be demonstrated with the Brazil Car facility. All of the
facilities results are shown Figure55, but the Excel file that WRF outputs does not quite show
all of the results and abilities of thetodlh e f i rst result that appears
reld ed ri sk resultso anfWWFB2Xd)mhe Brazll @ar leeat mapiiss kK r e
shown inFigure56, with the various facilities plotted as dots on a plot of company risk and basin
risk axes,and the types of risks are clearly split in the heat map. The company related risks
encompass are calculated primarily through résgponsesn the questionnaire, and the basin

related risks are based completely on the GPS position of the f&@8INiF, 2015d)
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Very High

Basin related risk

Notimied Company or Commodity related risk Very High

Figure 55 HAC Facilities Basin and Company Risk Heat Map the dots on the leat map represent facilities
Brazil Car is represented by larger blue dot

The WRF allows the user to determine exactly why a particular score was assigned by
examining the assessment itself. For example, the Pollution (quality) score in the Physical risk
section is shown in the assessmiéigure57. The WRF gave the Brazil Ca
Ri s k 0 (whichomeans that WRF recommends mitigation and the strats wbuld be
significant enough to cause interruptiqgWF, 2015a), and included it into
Company and Basin risko scorahTotdl fiskescoreecangpht e ac
adjusted An overview of how the different scores compile into the total is shovifigure 60.

For the purposes of this thesis, the weights will remain at the default setting for manufacturing
unless notedlhe defaultmanufacturingve i ght 6s i nfl uence cansbe sece

of the WRF analysiand are shown iRigure60 andFigure59.
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This facility heat map provides direct insight in the aggregsted risk scores for the selected facility.

Company related risk results Basin related risk results

Physical risk 38 30
Scarcity [guantity) 1.8

Pollution [guality)

Impact on ecosystem

3.0
3.9

Regulatory risk

o
=]

Reputation risk

Total Company and Basin risk 2.1

Figure 56 WRF Brazil Car Risk Heat Map

In Figure57 the WRF is showing which Questionnaire questions influenced the pollution
scoreas well as the assigned risk level for the specific metric. For Brazil F&garre 57 the
pollution risk score is shown in addition to the sureegwers For Brazil Car, only the default
response to question(3A Tot a l amount of fcaueesl bny sk & allhevi t h d r
otherquestions arblank. Unlike the pollution score, the Physical risk Scarcity was an input from

the HAC profile, and its scoreda High Risk scar by the WRF. This is shown Figure58.

The main ideas of the WRF Facility Risks (Company and Basin) are summarized in a few

key points:
1 The Basin Risk score is completely dependent on the location of the facility
1 The Company Risk score is primarily calculated fribia questionnaire
1 The weights of all of the different metrics can be adjusted

1 WRF includes default weighing schemes for different industries
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Physical Risk 5 | Typical level of water pollution caused by this industry

Pallution Some risk
(Quality)
5a Average ecotoxicity
5b Average eutrophication
5c Average acidification
8 Mo datz auailable Requirement of treatment’ purification of the water the company withdraws
before use in operations
7 Modatz auailable Percentage of the withdrawn freshwater thet is discharged with some level
of pollution
2 Modats auailable Quality measurements of the water the company withdraws and discharges
by the company itsalf or an external company
2a If no, pleass explain:

Figure 57 Physical Risk Pollution section of WRF for Brazil Car

Phys=ical 1 Mo data Importance of having sufficient amounts of clean
Risk available freshwater available for the production/ operational site's
Scarcity operations
(Quantity)
2 Problemns the company has/had withdrawingfobtaining

the reguired amount of water for itz operations
2a If yes, please explain:

3 4 Total annual amount of freshwater withdrawn either 200000
High rizk directly from a water source or through the municipal
supply (m*iyear)

Figure 58 Physical Risk Scarcity score from WRF for Brazil Car

86



, Scarcity (40%)

Physical risk )
(60%) - Pollution (30%)
Total Company Regulatory risk . Supplier's water
Risk (10%) risk (30%)

Reputation risk
(30%)

Figure 59 WRF Company Risk Weight Hierarchy, Manufacturing Profile Weight Percentages are shown

) Scarcity (50%)

- Pollution (35%)

Physical risk
(70%)

. Ecosystem health
_ (12.5%)
Regulatory risk

Total Basin Ris (25%)

Dependance on
hydropower
(2.5%)

Reputation risk
(5%)

Figure 60 WRF Basin Risk Weight Hierarchy, Manufacturing Profile Weight Percentages are shown

6.3.2 Brazil Car Total Risk

The risk heat map for Brazil CaFigure56) condenses great deabf information. The
Physical Risk is the only calculated section of the thram section®ecause all of the responses
for those sections were leftblankd di t i onal l'y, the Al mpacitis on ec

only taken into account in the Total Bagtisk The blank results are shownRigure61. Because
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of the blank sectionshé Total Company risk for the purposes of this thesis is really just the

Physical Rsk score because of the nature of the input information.

This facility heat map provides direct insight in the aggregated risk scores for the selected facility.

Company related risk results Basin related risk results
Physical risk 39 30
Scarcity (quantity) _ 1.8
Pollution (quality) 30 _
Impact on ecosystem _
Supplier's water risks _
Regulatory risk 30
Reputation risk _
Total Company and Basin risk 39 31

Figure 61 Brazil Car WRF Heat Map with arrows indicating blank sections

The TotalCompany Risks rated asligh Risk. The maimrrontributors to that score aiee
scarcity and the u p p Iwater risk. ©he pollution risk score may have been the lowest but it was
still rated at Some Risk. Those metrics are weighed as shawgure59. Those weights can be
adjusted by the user, but for consistency wWAtijueduct, the default Manufacturing/Industrial

weights will be left unless otherwise noted.
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This facility heat map provides direct insight in the aggregated nisk scores for the selected facility.

ﬁmpany related risk results \ Basin related risk results

Physical risk 39 (3.0

Scarcity (quantity) _ 1.9
Pollution (quality) 30
Impact on ecosystem

Supplier's water risks _

Regulatory risk

Reputation risk

Total Company and Basin risk \ y 31

Figure 62 Brazil Car WRF Individual Heat Map with Company Risks Outlined

£
=]

This facility heat map provides direct insight in the sggregated risk scores for the selected facility.

Company related risk results Basin related risk resuhx

Physical risk 39| 30

scacty auaniy) I -
3.0

Paollution (quality)

Impact on ecosystem

Regulatory rigk 3.0

Total Company and Basin risk 389 \ /

Figure 63 Brazil Car WRF Individual Heat Map with Basin Risks Outlined

The Total Basin Risk for Brazil Cas based entirely on the location of the facility. For

Brazil Car, that total risk score is 3.1, which is Some Risk. This score is calculated based on the
weights given irFigure60 and the individual metric scores can bewed in the Survey results.

Figure65 shows a selection of the metric from the Total Basin Risk and their valied.the

metric results are available, and are shown in fotall of the facilities inTable21.
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6.3.2.1WRF Equations of Stress/Scarcity

The WRF calculates stress and scarcity metrics different than the other tools covered in
this thesis. First, it should be noted that unlike tWTG the WRF calculates both stress and
scarcity in effectively the same manner. The Water Stress from GLOWASIS is calculated as a
ratio of the water consumption to the availability of water in a given location (ecgjtidor
GLOWASIS) (WWEF, 2014a) Similarly, the Water Scarcity Metric from WFN is calculated as a
ratio of the water consumptido the availability of water for a given watersh®dWF, 2014a)
Negating the geographdifference, both stress and scarcity are calculateduation4 for the

WRF.

Equation 4 WRF Stress or ScarcityCalculation

o1 BINMG GO 7,,:\Y‘é OwX0o O ¢ i 6 Gd'QQ
01 BiMODI 0 Qoer————— b~ . .
Ve 000 B OQA 0w Q

The main issue with this calculation is that by most other sources and reports, water stress
and/or scarcity are calculated using withdrawal as the nomiriBrittella et al., 2007,
Falkenmark et al., 1989; Herbst, 2009; ISciences, 2011; Joost Schornagela, 2012; Paul Reig, 2013;
Rijsberman, 2006; UNDESA, 2013; WBCSD, 20). The Total Water Consumed, by definition
(WWF, 2014a) is always less than the water withdrawal. Additionally, the Total Water
Withdrawal is a better indicator of haavailablewater is in agiven location or watershed which

is the point of a water stress or scarcity mgfalkenmark et al., 1989)

6.3.2.2WRF Metrics and Results Discussion for Brazil Car

The Brazil Car facility has a very high flood occurrence score as well as the drought
occurrence. These are the t waeal Riskscare, becaudefoi but o

the Scarcitymetric it scores low riskFigure64). For the Total Basin Risk, all of the metrics are
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taken into account because they atdased on the location, and not on survey results.

The WRF metrics databases are unique for most metrics. The main databases that the WRF
references for physical risks (which are typically the bulk of the Total Basin Risk) are the
GLOWASIS water scarcitylatabas€"GLOWASIS," 2015)and the Water Footprint Network
("Water Footprint,” ; WEN, 2015)Additionally, most of the metrics used by the WRF are
watersheedevel or at the resolution of the data. Some notable exceptions are the Climate and

Sanitation, but those do relate to a countries infrastructure and economy.

Most of the metrics in the WRF are intuitive (Agricultural Land) or similar to other water
metrics dscussed (Scarcity). Howevehet Climate metric is unlike any other metric covered so
far in this thesis. According to the WRF the
vulnerability to climate changeimpacts with enhanced adaptive capacityagded scenario A2
using year 2050 with climate sensiti WWFy equal
2014a)Essentially this metric is a measure of how well a country will be able to handle the

predicted change in the climate according to the A2 scenario from the(IPCC, 2013)

The individual risk heat map from WRF for the Brazil Car locatscancombination of the
Total Company Risk and Total Basin Risk, with the company risk being based on the survey and
location with the basin risk based exclusively on the location. The Total Company Risk is 3.9,
which is very high and the Total Basin Riski&ome Risk. Each facility has the individual heat

map that can be inspected in the same way that Brazil Car has.
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1 1 Annual average monthly blue water scarcity in this river Abundant: 0 - 25%
Very imited basin (WFN)

risk

1a 2 Annual average monthly blue water scarcity around the Sufficient; 25 - 100%
Limited rigk facility/commodity (GLOWASIS)

2 1 Mumber of months per year water scarcity exceding D months
Very imited  100% in this river basin (Water Footprint Network)
risk

Figure 64 selection of WRF Basin Risk Scarcity Metrics

4 Groundwater overabstraction
5 2 Forecasted impact of climate change “ulnerability Index: 2 of 4:
Limited risk Limited impact
& 3 Estimated cccurrence of droughts (2010-2013) =>25% of the country
“ery high affected by a severs
risk drought in every year
during the last 3 years
Ga 5 Estimated cccurrence of droughts (2011-2013) =25% of the country
“ery high affected by a severs
risk drought in every year
during the last 2 years
Gh 5 Estimated occurrence of droughts (2012-2013) »25% of the country
“ery high affected by a severs
risk drought in every year
during the last 12 months
7 5 Estimated ceccurrence of floods “ery high: =10 floods
“ery high reported between 1985
risk and 2013

Figure 65 selection of physical WRF Basin Risk Metrics for Brazil Car

6.3.3 Water Risk Filter All Facilities Results

The WRFhas two ways to output the total risk profile for the HAC. The first is a map of
all thefacilities plotted based on their Total Company and Total Basin Risks shdviguire 66.

This chart is useful to get a quick idea of the general risk exposure of the entire HAC. From this
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chart, it can be seen that the facilities have a vaokTytal Basin Risks, but their scores are all

at | east fASome Risk. o0 Additionally, al | of
Risk.This is particularly interesting because the facilities have a variety of water usage inputs into
the survg. All of the facilities withdrawal is between 110,006 amd 2,000,000 Awith similar

ratios for recycling and consumption. This must mean that none of the facilities had different
enough survey results to justify a different score according to the VWRE.is particularly
applicable for the Car and Truck variants of facilities. For each pair (USA, BrttiaChing the

company risk wathesame despite the difference in water withdrawal at the exact same location.

Very High

e oolle o

Basin related risk

No/Limited Company or Commaodity related risk Very High

Figure 66 WRF All HAC Facilities Plotted with Brazil Car Highlight

Table20shows this pattern. All of the facilities are scored the same despite the differences
in the water us informationfor the Car and Truck location§he default values were used for the
pollution and suppliers section based on the manufacturing profile, but all of the water use

information was unique to a facility generally.
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Table 20 WRF Total Company Risks for the HAC Facilities

Final
score

Company Physical - Physical - Physical -
related  physical | Scarcity/ || Pollution/ = supply
risk risk guantity quality  chain risk

USA Car

USA Truck

India Car

India Truck
Germany Car
Mexico Car
China Car

China Truck
Japan Car
Japan Truck
South Korea Car
Brazil Car

Brazil Truck

UK Super Luxury
Germany Engine
Brazil Transmission 3.9 3.9

DIDIDIDIDIDIDIDIDIDIDIDIDIDIDID

6.3.3.1Brazil Extreme Example

It is possible to fill out the WRF survey in such a way that the company risks are extremely
hi gh or extremely Il ow. A facility cé&lFbréghd fABr a:
first example for the entire survey, the miogih-risk option was chosen. For example, question 2
AProbl ems the company has/ had withdrawing/ ob
operationso was anAditiemaly,dhe suppkess were listad in IAfghardistam,
which contributed to the extremely high supplier water risks. The company results from Brazil

Extremefor theworstcasescenaricare shown irFigure67.
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Company related risk results

Physical risk
Scarcity (quantity)
Pollution {quality)
Impact on ecosystem
Supplier's water risks
Regulatory risk
Reputation risk

Total Company and Basin risk

Figure 67 WRF Company Risk for Brazil Extreme location, showing a worst case scenario questionnaire
response

Conversely, the questionnaire can be filled out in such a way that the company risk is

on 2 di s

ex remely | ow. For example, for quest

The suppliers were listed as in Canada in order to lower the supplier risk.

Company related risk results

Physical risk
Scarcity (quantity) 1.6
Pollution (quality)
Impact on ecosystem
Supplier's water risks

Regulatory risk

Reputation risk

Total Company and Basin risk

Figure 68 WRF Company Risk for Brazil Extreme location, showng a bestcase scenario questionnaire
response
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6.3.4 WRF Total Basin Results

The Total Basin Risk for the HAC facilities is a completely different situation than the
Total Company Risk. Each different location (reminder: some facilities are in slogktrons)
had a different risk profile. None of the facilities had a higher Total Basin Risk than 3.4 with
manufacturing default weights, which correspo
the WRF. The facilities in Germany, Japan, and S#&lttea have the lowest risk with scores in
the 2.22.7 range. The rest of the facilities were listed from 2.7 to 3.4. The Total Basin Risk

includes more metrics than are listed'able20, and the complete list is included in the appendix.

One interesting note about the WRF water metrics is that there are significant gaps in the
information that were not present in the GWT Tible21 all of the blank cells in the table are
gaps in the dataset. Also of note, all of the facilities have at least one risk metric that is categorized
as at |l east f@AHiIi gh Ri edddsableBoeanyausesafthiotdol td unhderstand i t v
that even though the total risks may not be particuladi; there is always the potential for one
type of water risk to pose a serious threat to operations of the facility. For example, the South
KoreaCar facility has one of the | ower Total Bas
for both Number of Months iBevere Scarcity and Scarcity in Most Scarce Month. Both of those

risks have the potential &dfectthe facility, and cannot bengred.

96



o1ssiwsuel] 1zeig
aulbug Auewla
AnxnT Jadns YN
Monul |1zelg
e e |1zeig
z JeD ealoy yinos

62 oni] ueder
b2 reD ueder
'€ oniL euiyd
e Jedeulyo
e 18D 0dIXa

e Auewlas
oni] elpuj
1edelpu|

13 AoniL vsn
ed vsn

e |
e |
e |
e |
e |
e |

spoojyjo  (reak 1) (reakz)  (reakg)  abueyd (N3m) § (N=m) [ (N3m)
90U8IN220 sybnoip jo sybnoisp jo  syybnoip djWID | JemMpunol9 ISYOM19)  yiuow ISYOM19) Auoueds  |ISYOM19D) Alouseds reaisAyd pale|al

90UaINJ20 82UBINDI0 10 1oed Ww| yuow 90.e0S Aoreos 19A8S Aloreos obelane uiseg

9100S
reuts

90U81N220 30Ieds 1sow alanas syjuow abelane Ayiuow | uapuadap
1sow 1A191e9S  syuow o Jaqu Ajyuow nuuy | - [earsAud
u1 Aaress 10 JIaquinN [enuuy

saNIjioed DVH aU) 1o} Ssysiy uised [e101 J4M TZ d|qeL

97



6.3.5 Mapping and Reports

Similar to the GWT, the individual results and company profile information is very useful,
but the mapping capabilities help give context for the different mefrfes.WRF has mapping
features similar to the GWT, but the WRF can plot almost every metlic@me of the metrics
have even more detailed maps that are not available in any other tool. For exhenpl&sN
Water Scarcity Metric is available in both an Annual Averdggure69) and a monthly average
(Figure70). This is a useful feature because it allows the user to examine ecasestcenario for
the metric. The WRFdoes have @&Reportd section that creates automatic reports for individual
facilities, the company as a whole, and a report that is intended to help with submitting the CDP

Water disclosure.

. » 200%
ility fitter: All facilities - Map layer: Water scarcity (WFN) -  Annual average - HDIDEE_HD Ne data

Figure 69 WRF Water Scarcity Annual Average
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ty filter: All facilities - Map layer: Water scarcity (WFN) - April - L£lelin Rl | No cata

Figure 70 WRF Water Scarcity April Average

The 'Portfolio Report' is generated by the WRF automatically to give the user an overview
of the main metrics that WRF emphasizes. The two metrics that are plotted are theAdyerage
Blue Water Scarcity and Pollution. Also included in the report is the plot of each facility on a map
of Total Basin Risk and Total Company Ridkigure 66). The Annual Average Blue Water

Scarcity and Pollution are shownkigure69 andFigure71respectively.

The WRF has some watershed and country level indicators, but it als@mtea metrics
that have a resolution based the available data and not any geographic or political constraints.
For example, the Overall PollutioRigure71) andWater StressHigure72) both are limited only

by the resolution of the data.
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-

Il No / Limited surface water contamination (0-0.2)

[ Moderately low risk of surface water contamination (0.2-0.35)
[] Moderated risk of surface water contamination (0.35-0.55)
[ High risk of surface water contamination (0.55-0.75)

M Very high risk of surface water contamination (0.75-1)

L SUSE JN

Figure 71 WRF Overall Pollution

L] TSIV Mm@

D No consumption
Il Abundant (0-005)
B sufficient (0.05-02)

Maderate (0.2-0.3)
I Significant (0.3-04)

Figure 72 WRF Water Stress North America
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D No consumption

" - . Abundant (0-0.05)

: 4.. ; I Sufficient (0.05-02)
% Moderate (02-03)

Significant {0.3-04)

W severe (204
Figure 73WRF Maximum Water Stress with HAC Facilities
6.4 Chapter 6 Summary
Companies or organizations can use theresultsoMRd=6s anal ysi s i n mu

way that the GWT results can hbeeful First, facilities that are found to be in stressed locations
can be prioritized for watesaving investments such as water recycling. Second, the projections
can be used for planning future expansions and help the decision makers to avoid lgotential
stressed water suppli@he WRF Climate Change metric can potentially be even more useful than
the GWT projections because it takes economics, climate change and mitigation, and population

into account.

One ambiguous issue with the WRF is (B&res$andScarcitydefinitions.In the GWT
(and othesources)p St rtyepsiscdbal 'y f ol l ows the Fal kenmar k i
scaled to popul at i o ié WRFdtusatheicansumptidh aivided bByrthe f or
available water in a partit@ar location. Interestingly, the WRF metric for Scarcity follows the

same equation, but from a different database.
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WRF Stress = Consumption / Available

(ratio)

WRF Scarcity = Consumption / Available

(ratio)

Available

Withdrawal

Consumption >

Total Use by
industry,
domestic,
agriculture

Discharge

Peaple Living in
Area

Figure 74 WRF Stress and Scarcity Definitions Graphic

7 sufficient (005-02)

Moderate (02-03)

| Significant (0.3-04)
W sevee 04

Figure 75 WRF Water Stress (GLOWASIS) Annual Average
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Figure 76 WRF Water Scarcity (WFN) Annual Average

Once itis understood exactly what the tool results are and how the tool arrived at the output
the results can be useful. Having an in depth understandthg wfater profile and examining the
results can help an organization understand their water risks and stresses. According to
Schornagela, understanding the exact local water situation is cf{itzdt Schornagela, 2012)

The more localized results are more likely to give good guidance on the exact water situation at a
location. One the facilities risk metrics are understood an organization can take steps to alleviate
that risk by reducing use, shifting locations, or aiag water strategy. For th¢AC, the WRF

found that the locations with the highest stress and risk were locdeatzihh China, Mexico, and
India.Addi ti onal l vy, al | of the facilities were
facilities in Gemany. This means that the user of the WRF may needweight the metrics to

align with what concerns the company most. For example, the company may prioritize floods and
droughts. With the risks recalculated, that may result in a different risk pfofilthe entire

organization Armed with this information, the HAC executives could now take steps to reduce
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that risk and potentially help the company.
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CHAPTER 7 AQUEDUCT ANALYSIS OF HYPOTHETICAL

AUTOMOTIVE COMPANY

7.1 Aqueduct Approach

Aqueducttakesdi f f er ent approach than the GWT or
plan is covered ifrigure6, and begins with the collection of GPS or address information for the
fadlities. This will be the only input that Aqueduct uses. Otieelocations arenput, Aqueduct
allows the user to have a great deal of customization of weights and water metrics within the tool.
For example, a metric such as Flood Risk can be isolatgigtear more weight in the overall risk.

The results are all mapped within the tool in a browser, but can be output to an ExXdelsdeer,
similar to the WRF, AQE is an online thaiaybe updated at any time. The results for AQE for
this thesis are frorthe periodof July 2014 to February 2015. Results from a current iteration of
the toolmaybe differentfrom the results in this thesi$he World Resource Institute, who created

andmaintainsAqueduct,summarizes as follows:

A(T) he AqgueduAtas priVidds eampafRlilisy kacross the globe acting to
highlight areas of potential concern. These global metrics and associated maps can help identify
waterrelated risks, and provide a picture of how they vary spatially across regions, countries, or
cortinents. However, to understand the complete picture of the conditions on the ground, further
study must evaluate each areads infrastructur

mitigate the identified water e | a t e (@PaurRieig, R043) 0

Table22 shows the HAC information Aqueduct needs. The water usage information is not
needed for Aqueduct to give results. To begin using Aquedustintportant to understand that

the entire tool is located onliréttp://www.wri.org/ourwork/project/aquedugtand is accessed
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through a browser. This is important for a few reasons. First, the tool cannot be downloaded and
stored, so when the tool ipdated it may give different results than were output previously.

Second, the facilities have to be reloaded on every use.

7.1.1 Aqueduct Input

Inputting facilities is straightforward. They cha entered eithendividually or in a batch
from an Excel file. One theH A C &agilities are uploaded, Aqueduct immediately has their water

metrics and no macro or script needs to be run.

Table 22 HAC Aqueduct Input

Name Latitude Longitude
USA Car 42.5 -83.4
USA Truck 42.5 -83.4
India Car 13.1 80.27
India Truck 13.1 80.27
Germany Car 48.13 11.56
Mexico Car 28.64 -106.1
China Car 29.67 106.5z
China Truck 29.67 106.5
Japan Car 35.18 136.2
Japan Truck 35.18 136.9
South Korea Car 35.6 129.3
Brazil Car -23.6 -46.6
Brazil Truck -23.6 -46.6
UK Luxury Car 53.099 -2.44
Germany Engine 48.13 11.56
Brazil Transmission -23.6 -46.6

7.1.2 Aqueduct Metrics and Weights

Aqueduct, similar to GWBnd WREF has a variety of water metrics that are available for
output.Similar to WRF Aqueduct can take all of them into account and give an overall water risk

assessment. To understand exactly what this entails, it is useful to understand what data Aqueduct
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possessesAnother fedure that Aqueduct shares with the WgRdthat the GWT does ndtave)

is the ability to weight different risk metrics according to how important they are to the user. There

are default values for different industriasdthey can albe adjusted.

The Overall Water Risk calculated by the tool is outlineBligure77. Essentially, every

metric that Aqueduct calculatés! are shown ifrigure77) for a location is inluded in a weighted

fashion to calculate the Overall Water Risk. Aqueduct has a default setting for the weights of the

metrics, but there are sets of weights based on industry as well.

Physical Risk
QUANTITY

Baseline Water Stress
Inter-annual Variability
Seasonal Variability
Flood Occurence
Drought Severity
Upstream Storage
Groundwater Stress

FromWRIA T h e

OVERALL WATER RISK
Physical Risk Regulatory and
QUALITY Reputational Risk
m Return Flow Ratio m Media Coverage
m Upstream Protected Land m Access to Water

m Threatened Amphibians

Figure 77 Aqueduct Water Metrics

Aqueduct Water Risk At

as

of fers

These profiles were developed based on information provided in corporate water disclosure

initiatives and input from water experts to reflect the particular risks and challtaggel by each

water i ntensi YPaul ReigROL3YWRrIyd ss e cetno rd.ed aanelshownire i g h t

Figure78. The weights in Aqueduct are also exporedrgs shown ifrigure79. The Overall Water

Risk map with HAC facilities plotted is shown kigure80. For the purposes of this thesis, the

default weights will be left. The HAC does not truly fit any industry that has an available preset
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weight profile.

WEIGHTING PROFILES

Default Agriculture
Food & Beverage Chemicals
Electric power Semiconductor
Oil & Gas Mining
Construction materials Textile

Figure 78 WRI's Preset Industry Weight Profiles (Paul Reig, 2013)

IMPORTANCE EXPONENT WEIGHT
Very low 2 1

Low 2! 2
Medium 2 4

High pa 8

Very high z 16

Figure 79 Aqueduct Weight Factors(Paul Reig, 2013)
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Water Risk Indicators 4

Legend
Overall Water Risk

Luw tisk (0-1)
Low to medium risk {1-2)

Mediurr to high figk (2 3)
High -isk (3-4)
Extramaly high risk (¢-5)

. No data

Figure 80 Overall Water Risk from AQE for HAC facilities shown as black circles

7.1.3 Aqueduct Equation for Water Stress/Scarcity

Aqueduct uses a similar principle to calcu
UNH Scarcity metric. The equation for calculating the Baseline Water Stress throughout the tool
(there are two versions, one inchatin the Overall Risk and one used for the Projected Change
calculations) follows the principle of a ratio calculating the relationship between water available
and water withdrawn in a given location or area, and expressing that as a perddraaggiaon

is shown inEquatian 5 and the map of BWS is shownkigure81.

Equation 5 Aqueduct Calculation of BWS
"“YE 0QEAE O DL WA i

0 Y —/—/—m—m———— o P .,
YE 0@oE0E OOWOW QO Wwwda Q
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wihdrawals / available flow
Low (<10%)

‘ | Low 1 medium (10—-20%)
Mesdian Lo high (26—40%)
lligh |40-30%

Extromely high (~80%.)

Arid & low watzr use

. o dala

Figure 81 AQE BWS metric plotted globally with HAC facilities plotted as black circles

7.2 Aqgueduct Results for the HAC

Aqueduct outputs results in the same manner as the WRF with the exception that it does
not give an overall risk profile of the entire company (Rktfolio in WRF). Despite that,
Aqueduct allows for mapping of the metrics in any combination, and has an output of all the results

in an Excel file.

Most of the metrics in Aqueduct are similar to previously discusses metrics (Flood
Occurrence) or are iaitive as to their meaning (Drought Severitghme of the metrics are less
intuitive. For example, the Baseline Water Stress (BWS) in Aqueduct is different from the other
tools stress metrics. In Aqueduct, the BWS is a ratio of total withdrawal in adieicked by the
total water available. This information comes from WRI, FAO AquaStat, and NR8Al Reig,

2013) A metric that the other tools do not have is Return Flow Ratio (RFH3.is ratio of water

that has previously been used and disgbe back into the water suppBquation6 gives the
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exact calculationEssentially, the higher the ratio the more dependent the water supply is on
infrastructure tdreat the wateif it has been withdrawn previouslgnother unique metric is the
Upstream Protected Land (UPL). Although the other tools have some protected land information,
GWT and WREF just indicate which areas those are. The UPL is a measure ofctagees of

water that originates in a protected area. The general idea is that the more water that comes from

protected areas, the better the water quality will general{yMsdd, 2014)

Equation 6 Return Flow Ratio

o TYE OGN QO DD 6 & n o Q¢ ¢
Y Q0O OasEYOD 0 "QE —
YE OGO Qa wwa Q

7.2.1 Aqueduct Individual Facility Results

Aqueduct essentially has two outputs, and one is an Excel workbook of all of the metrics
for each facility. Aqueduct does output the raw values for all of the metrics as well as the weights
assignedAll of the HAC results are shown ifiable23. All of the metrics follow &-category
scale, with lower values corresponding with lower risk or stiessrder to examine the results

from Aqueduct, one facility will be examined in detail: India Car.

7.2.2 India Car Results

Il ndia Car is assigned an Overal/l Water Ri s
why, it is important to begin with the way Aquedassigns a risk score. Figure77 the way in
which the metrics are taken into account are graphically explained. Essentially, there are three
main categories of risthat are taken into account for the Overall Water Risk, they are: Overall
Physical Risk Quantity, Overall Physical Risk Quality, and Overall Regulatory & Reputational

Ri sk. These categoriesdéd scores are caclulated!l at ed
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by the databases in the tool.

For the default weighing scheme used in th
importance are: BWS, Upstream Storage, Groundwater G&&sand Access to WatéAW).
All four of these metric relateir@ctly to the availability of watel(WRI, 2014)The other water
metrics stillaffect the result, but because the weighing scheme is exponential, those four have a
much larger impacttor t he I ndia Car | ocation: BWS is r
Storage is ONo majoLoweser WMeidi ssnd , Ga mMheseAW i s

values are fairly high stress and are the main

The other metrigrelating to access to water areediumand can still have a significant
impact on the Overall Risk. For example, Iafemual Vaiability, Flood Occurrence, and
Drought Severitar e al |l wei ghed as OMediumdé. The ot her
Coverage.The metrics with a O6Lowd weight are 8x |
(BWS) and 4x less impactful thanHi g h 6 me-Annual /ariab{lity, frlboe Occurrence,

and Drought Severity).

The 1 ndi a riGks aregprimardyifrom theyBW/S, UPL, Seasonal Variability, and
Flood OccurrenceT he RFR i s aVaretes daf éthergribké aie na middmdeoh i g h 6 ,
which can each be cause for concern. From the Aqueduct anafiyles India Car facility, it is at

ahigh risk for water availability, especially basic access to water to operate.
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7.2.3 Aqueduct Projections

Aqueduct has a much different way of handling projections than the other two tools. As a
reminder, the GWT had a projection its TRWR and ARNS, but those projections only took
into account population changéd/BCSD, 2011b) Additionally, the WRF had a metric for
Climate Change, but that metric was essentially a measure of how a country would handle changes
according to the A2 IPCC Scenario for 2Q80WF, 2014a)Aqueduct 6 s proj ecti o
principle to the GWT projection in that it projeca metric of water stress. However, it projects
the change relative to the original value, and the projection can be tailored to a variety of time

scales and IPCC scenariRI, 2014)

Accor di n grheseomapRahd expidrted results) show projected change in baseline
water stress, Aqueduct 6s meressuceseThayverecoogmale t i t i
published on Aqueduct in 2011. These older maps use water withdrawal data from the year 2000,
which the maps in the Risk Atlas use withdrawal data from 2010. The projected change in baseline
water stress is based on thrddferent scenarios of climate change and sedonomic
devel opment created by t he [WRCZ14)Forlareovelvizyw A1lB,
of the exact parameters around the projection, corfs@shwater Sustainability Analyses:

Interpretive Guidelineby ISciences and Codaola(ISciences, 2011)

Theresults from the projection of BWS are significantly differeatn other water metric
covered in this thesis. Most metrics typically follow the pattern of taken a calculated value and
assigning it a relative risk or stress state score. The projectioWsfiB Aqueduct is very specific
in the conditions that are projected to exigtble24is the complete list of possible results for the

projected change in BWS for Aqueduct.
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It is important to note thall of the projection maps are changethe BWS in that location
accordirg to the original BWS stress state. For examgiethe projection map both USA Car and
Japan Car are 1|isted HawwvegsNenare Noarpmanl C@a mdi tBiWS
Stresso6 it 1 s st iAdditionaly, none af theldts cgnicdlect the entireleey st a |
for the maps, s®able24 serves as the key for all of the projections (colors and hash imattks

match).

All of the projection andBWS results from Aqueduct for the HAC areTiable25. The
mainpointsare that South Korea Car is actually projected to have an improving water stress state
for both the B1 and AB1 scenarios, and near normal conditions for scenafaditiesin Brazil,

China, and Indiare projected to have a worsening BWS for almost all IPC scenarios and time

scales, with the exception being India for the B1 scenario.
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Projected Change in
‘Water Stress
Category

Exceptionally Less
Stressed

Table 24 Projected Change States for Aqueduct BWS Projection@Sciences, 2011]Serves as key for all

projection mapsfrom AQE]

Description

Water siress 1s less than 0.125 times that during baseline conditions.
Competition for freshwater resources has decreased dramatically.

Significantly Less Water stress is 0.357—0.500 times that during baseline conditions.
Stressed Competition for freshwater has decreased significantly.

Moderately Less Water stress is 0.500-0.588 times that during baseline conditions. There
Stressed has been a moderate decrease in competition for freshwater resources.

Near Normal ‘Water stress levels are within the range of expected variation and do not

Conditions pose any signmificant added risk or benefit.

Drier but still Low Conditions are over 1.7 times more stressed than baselme, but do not

Stress pose a significant problem for households. mdustry. or nrigated
agriculture because such use accounts for a very small fraction of the
available supply. Rain-fed agriculture may experience some difficulty
relative to baseline conditions.

Moderately More Conditions are 1.7-2.0 times more stressed than baseline. Planning

Stressed agencies may consider adaption measures including new restrictions on

discretionary water uses and investments in infrastructure.

Severely More Stressed

Conditions are 2.0-2.8 times more stressed than baseline. Awareness of
looming increases in water stress should be widespread. Planning
agencies should actively consider adaption measures and associated
investments. Without sufficient investment. communities may face new
restrictions on water use and/or occasional supply disruptions.

Extremely More
Stressed

Exceptionally More
Stressed

Unecertainty in

Conditions are 2.8-8.0 times more stressed than baseline. Looming
changes in water stress should be among the foremost concerns of
residents and planning agencies. Without major investment. future supply
disruptions may be widespread and affect the core economy.
Conditions are more than 8.0 times more stressed than baseline. Basic
services (e.g. power, drinking water distribution) are likely at risk and
require significant intervention and major sustained investments.

The range of results across the ensemble of general circulation models

Direction: includes both "more stressed" and "less stressed" categories.
Uncertainty in The range of results between the least and most stressed general
Magnitude: // circulation models is broad. More specifically. if each category above 1s

normalized to span 1 umt. then, when the range of results between the
least and most stressed models is greater than 1.7 units, an area has
uncertainty in magnitude.
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Legend Source

Baseline Water Stress

W Low (<10%)

| Moderate (10-20%)
Medium-High (20-40%)

[0 High {40-80%)

Legend ¥

M Extremely High (>80%)

‘ s o= y | arid and Low Water Use (NA)
B Analyze Locations A [ ' 4

M Missing Data (No Data)

Figure 82 Aqueduct Map of BWS (Projection Baseline) HAC Facilities Plotted

Figure 83 Aqueduct Map of Change in BWS for A2 2050 HAC Facilities PlottedTable 24 is key)
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7.2.4 Baseline Water Stress Correlation

As was shown, Aqueduct contains two different BWS metanog for projections and a
newer database for use witke Overall Water RiskThe first is the BWS that is factored into the
Overall Water Risk and the other is used as a baselipedmcted changef water stress change
according to IPCC scenari@¢#/RI, 2014) In a similar fashion as the correlation calculation for
the watershed and country | evel |HHWpasediTher om t h
reason this is a useful exercise is to show the differences in results based on essentially the same
metric but for a different year of data. If the data match, then it can be inferred that the data for
BWS may not change significantlwer time. However, if there is a discrepancy then the BWS

metric may change significantly over time.

The BWS that is included in the overall water ris& salculation based on data from 2010
and collected by NASA, ISciences, and WR&aul Reig, 2013)TheBWS used by the projections
in Aqueductfollow the same calculation styl@end sourcesbut is an older data set based on

withdrawals for 200QWRI, 2014)

To compare the BWS states for each facility from the different solied#e27 shows the
risk stateswith the value that is related to the stress state. The values will be used to calculate
correlation.Table 27 is the BWS metric from both the standard Aqueduct calculation used for
Overall Water risk and the BWS that is used as a baseline for the projected change in BWS for

different scenarios andftBrent time scales.
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Table 26 Standard Water Stress State Ranges

1| towstess |

Moderate Stress

Medium to High Stress

AIWIN

High Stress

i

Table 27 Both BWS Metrics from Aqueduct (Overall and Projected Change baseline)

Overall Calculation Projected Change
Location Title Baseline Water Streds Baseline Water Stress

USA Car
USA Truck
India Car
India Truck
Germany Car
Mexico Car
China Car
China Truck

Japan Car 2
Japan Truck 2
South Korea Car

Brazil Car

Brazil Truck

UK Luxury Car
Germany Engine
Brazil Transmissioh

NIWIN[NN

South . A
Ao ot A 4
Mo America >

Baseline Water Stress

withdrawals / available flow
Low (<10%)

[T Low to medium (10-20%)

Medium to high (20-40%)
High (40-80%)
Extremely high (>80%)

Arid & low water use

No data

Figure 84 Aqueduct BWS used in Overall Water Risk

120



Source

Baseline Water Stress
B Low (<10%)
Moderate (10-20%)
Medium-High {20-40%)
High {40-80%)
B Extremely High (=80%)
Arid and Low Water Use (NA)
B Missing Data (No Data)

rdl .
"’1:- 3 AL f = ¥ ;‘
- . g Lo 05 .:' o > P ke »'_' ~
S e — 7 I R S

Figure 85 Aqueduct BWS used as baseline in Projected Change

7.2.5 Aqueduct Mapping of HAC Facilities

Aqueduct has the ability (unlike the other tools) to map the overall results of th&teol.

Overall Water Riskcalculationcan be adjusted using the weights, but for the purposes of this

thesisthe default weights are leftigure86 shows the OverallvVater Risk with the HAC facility

locations.
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Water Risk Projected Change | ] show Basin Studies § (g) Water News § ¥ Download Data § «§ Share § @ Print § @ Info
"' R e = =
L L} 3

am Basemaps J

Water Risk Indicators &

Legend Source
Overall Water Risk

Low risk (0-1)
Low to medium risk (1-2)
Medium to high risk (2-3)
High risk (3-4)

Extremely high risk (4-5)

Legend ¥

} e s ;’-‘E"’; |
& T,
e = i3 o T =
— a e * .
s =y & ﬁ W o e

‘ Analyze Locations A

Figure 86 Aqueduct Overall Water Risk with HAC Facilities Mapped

The WRF can only plot one metric attime, and the GWT will allow the user to plot
multiple metrics, but the essentially overlay each other and do not create a comprehensive overall
view of the water situatiorkigure87 shows the Flood Occurrence and Drought Severity metrics

plotted together for a combined total risk. For this example, both metrics were given equal weight.
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Customize Indicator Weights

T Weight Distribution Physical Risk Physical Risk
quanTity @ quauty @
Indicators Weights

[] Baseline Water Stress
[] inter-annual Variability
[] Seasonal Variability
[ Flood Occurrence

[ Drought Severity

[] Upstream Storage

[] Groundwater Stress

C
©

2
®

Water Risk Indicators ¥

‘l' Weighting Scheme

Custom E4 Customize Weights tA Transparency
: ) 4

* )
ahy ¥
Legend Source

Risk Score

Low risk (0-1)
Low to medium risk (1-2)

Medium to high risk (2-3)
High risk (3—4)
e B . | Extremely high risk {4-5)
i2 | v e i{’ F oo
Figure 87 Aqueduct Flood Occurrence and Drought Sevety Metrics Mapped Together

One particularly useful feature of Aqueduct is the resolution of the data, as demonstrated
in Figure88. Although there are gapBigure89), when Aqueduct does have the information, it is
very detailed ath precise.Additionally, this high level of detail allows the user to pinpoint
potentially low orhigh-risk locations that would have difficult to identify with either of the other

two tools.Both of these maps are of the Seasonal Variability metric.
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Customize Indicator Weights

Weight Distribution Physical Risk Physical Risk
QuAaNTITY @ QUALITY

indicators
[] Baseline Water Stress
[] Inter-annual Variability
[ Seasonal Variability
[ Flood Occurrence
[] Drought Severity
[] Upstream Storage
[J Groundwater Stress

Water Risk Indicators W

Weighting Scheme

n 4 Customize Weights S¢ | Transparency

C ulﬂlb a

Risk Score

Low risk (0-1)
Low to medium risk (1-2)
Medium to high risk (2-3)

Jentq
sul™y Joinvile

Legend ¥

High risk (3-4)

| do Sul Extremely high risk (4-5)

W oo

Figure 88Aqueduct Seasonal Variability metric S&u Paulo (demonstrates resolution)

Customize Indicator Weights

Weight Distribution Physical Risk Physical Risk
quantiy @ QUALITY

Indicators

[] Baseline Water Stress

[] Inter-annual Variability

[ Seasonal Variability

[ Flood Occurrence

[] Drought Severity

[] upstream Storage

[] Groundwater Stress

Water Risk Indicators W

Weighting Scheme

Transparency

3

Mauri

tania’

= Mali

Risk Score

Low risk (0-1)
Low to medium risk (1-2)

Medium to high risk (2-3)

High risk (3-4)
Extremely high risk (4-5)

W vocam
Figure 89 Aqueduct Seasonal Variability metric North Africa (demonstrates some gaps)
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7.3 Chapter 7 Summary

Companies or organidahs can use the results of AQuedaiealysis in much the same way
that the GWTand WRFresults can be useful. First, facilities that are found to be in stressed
locations can be prioritized for wateaving investments such as water recycling. Second, the
projections can be used for planning future expansions and help the decision makers to avoid
potentially stressed water suppli@espite the similarities, Aqueduct does provide a few unique

advantages and disadvantages for the user.

The main disadvantagd Aqueduct compared to the other tools is the lack of any water
accounting. The only input Aqueduct needs, or will take, is the location information of the facility
and any weighing information that the user chooses to provide. The other tools do pedpide
with CDP and/or other disclosure operations. The other disadvantage is that there is no explicit
demonstrable advantage to wasarings within the toolThe WRF and GWT at least encourage
the user to know what the water use of a facility is andninatbermayaffectthe outcome of the

tool. (Although for thighesis the differences in water use were not substantial enough to do so.)

The main advantages of Aqueduct are: the simplicity of use, the resolution of the data, the
variety of the watemetrics, the ability to customize the maps and weights, and the ability to project
BWS to a variety of scenarios and time scalepieduct does not actually need any input in order
to give the user mapped results. The input is only need to show thésfaldations on maps and
to export an Excel file of the complete results. The resolution of the data in Aqueduct is much
higher than the WRF or GWT. The highest resolution global dataset from the other tools is as

follows: the GLOWASIS Water Stress fromet WRF is at a 0.5x0.5 degree resolution

(WWF, 2015a) the GWT Scarcity UNH dataset is also at 0.5x0.5 dedW&w8CSD,
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2011b) For direct comparison, the BWS in Aqueduct is aesolutionof 0.125x0.125 degree
(NASA, 2015) In addition it is very simple to adjust the maps and weights in Aqueduct compared
with the other tools (with the GWT not havingyameights). Finally, the optioto select a variety

of IPCC scenarios and time scales for a projection of the BWS is simply not present in any other
tool. Armed with that information, the user of the tool can quiddypcentraten on the metrics

that are impo#nt for any company and analyze the risks that result from that analysis.

Aqueduct ds the metrics tend to conform to
metrics.Figure 90 shows how the Aqueduct stress metric is calculated. Although this does not
follow the Falkenmark index, it does follow general stress calculations from other sources such as
Water Accounting for (agro)industrial operations and its appl@ato energy pathway§oost
Schornagela, 2012The use of withdrawal for calculating stress is preferable to consumption (as
is used in WRF stress) because withdrawal from a water supply is what ultimately restricts the

availability for other sers(Joost Schornagela, 2012)

AQE Stress = Withdrawal / Available

(ratio)
Total Use by
industry,
Available > Withdrawal > A Discharge >
domestic,
agriculture

People Living in
Area

Consumption

Figure 90 Aqueduct BWS Definition

126



Once it is understood exactly what the tool results are and how the tool arrived at the output
the results can be useftdor the HAC, Aqueduct listed the facilities in India and South Korea as
O0Hi gh Riskdéd and facilities in China, 6&em many,
that high-level assessment, it is very easy to see how those facilities were givenstuoss.
|l ndi an, Mexi can, and South Kor ean BWS®isl,i twiha < h;
can be enough because of the weight given to that metric. From the overall risk results, the HAC

can prioritize risks and take steps to alleviate them.
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CHAPTER 8 ANALYSIS OF KEY WATER METRICS FOR INDUSTRIAL

OPERATIONS

8.1 Water Metrics that Directly Impact Operations

Water usage is important for manufacturing operatidbosletermine which water metrics
are mosapplicable for the HAC or any manufactugioompanythe CDP WateReport provides
guidanceby listing the top risk factors for indust(¢DP, 214). Figure91f r om CDP&6s 20
Global Water ReporfCDP, 2014)showsthe top five water issue®r responding companies
(1,064 companiesr esponding to CDP6s .WdaterestressBBiagitffieo s ur e
terms will both be included in this section be@othe lack of specific definition by CDRjas
the primary cause of disruptions, with flooding, drought, water quality, and regulatory issues being
the restThe three water tools covered in this thesi® gesults that are intended to aid companies
in assessing water risks. However, there are conflicting conclusions from the tools. As CDP has
results on these key water impacts, the usefulness of each tool can be examined in the context of
matching real world results as reported to CDP. Analytically @mg the results from the tools
and including results from the CDP Global Water Report will put thedoesgsilts in context of

usability for companies.

284,
“ “

Water stress Flooding Drought Declining water Regulatory
and/or scarcity quallty uncertalnty

Figure 91 CDP Water 2015 Top 5 Risk Factors (% of respondents reporting $sile was impacting operations)
(CDP, 2014)
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How can the HAC pri or it stategiesd based dnicdnflicing 6 wa t
data? In order to answer this question, two approaches will be takerafarsd)ysiso f t he t ool
results in order to determine the level of agreement of risk/stress states or the order of ranking of
risk/stress states-inally, the CDP Global Water Report has the compiled results for the water
situation of 1,064 companies worldwi@@DP, 2014)and the overlap of that survey with results
from the tools can give a strong indication of which outputs are worthy of actinghen.
combination of agreement analysis and compar.i

confidence and context to the key metric results from the water tools.

8.1.1 CDP Global Water Reportsand Data Visualizer

CDP provides three options for exanmgithe results of their corporate survey. First, the
Global Water Report itself, which is a collection of all of the overall information but it is not
detailed beyond industry sector and broad risks and sti(€3€s 2014) Second, the CDP Global
Water Results Data Visualization (CDPV), which aggregates risks and stresses for particular
regions, countes, industries, exact impacts, and includes some survey information directly from
responding companig®Vater, 2015) This will serve as the primary backdrop for the water tools
results, as it contains very detailed informatfon country level risksFor example, with the
CDPV, it is possible to examine specifically which water issues were the top impacts affecting
direct operations in Brazil, as shownkigure 92. The third way to examine information from
CDP Wateris to downloadCDP compilations of companies responses grolgyeddustry.The
drawback with the third approachtlsat CDP does not release all individual company responses

publically. Despite that particular drawback, #iggregated direct operations results from CDP
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will be compared with the results of the threater tools and their statistical comparisorsble
28 shows the aggregated results from the CDP Data Visualizalibese are countrgvel and
will be particularlyuseful for Quality and Regulatory and Reputational Risk because those metrics

are based on some counteyel data.

2 Brazil

46 companies with operations here responded

b RISKS - DIRECT
OPERATIONS

Number of risks reported

117

Top impacts reported in direct operations

$

93%

Higher operating costs

W Constraint to future growth

8%

Supply chain disruption

Figure 92 CDP Visualization of Brazil industrial risks to direct operations. The visualization allows for
examination of the overall results, and links to specific information from company responses about water
issues(Water, 2015)
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Table 28 CDP Data Visualizer Aggregated Results. The CDP Results give an X in yellow if companies
reported the issue in their Direct Operations in the same country as HAQNater, 2015)

Regulatory anc

Facility Stress/Scarcity Droughts  Floods = Quality Reputational
USA Car X X X X
USA Truck X X X X
India Car X X X
India Truck X X X
Germany Car X
Mexico Car X X
China Car X X X
China Truck X X X
Japan Car X X X
Japan Truck X X X
South Korea Car
Brazil Car X X X
Brazil Truck X X X
UK Luxury Car X X X
Germany Engine X
Brazil Transmission X X X

Table28represerdthe top water issues facing companies in the reporting coupiliibsd

onto the list of HAC facilities for easy comparison later. For example, the Flood Occurrence results
can be listed next to the CDP Floods list of HAC facilities and the similarity or difference will be
easy to spotAlthough this information isas geographicallydetailed as watershed or pixel
resolution datait is still useful to compare these tables with the results of the tools. For example,
if the tools do not report at least some elevated level of flood risk in Germany, than the results
from the tools may nateflect the reality. These tables and individual company responses will be
used to gauge whether the results of the tools appear to be effective in the following séctions.
should be noted th#te values of survey responderg not what is impaaint from CDP, just that

companies reported that issue was significant in that country.

CDP also provide byndustry aggregated company responses for the water responses for
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specific watershed@Analytics, 2014b) These watershed level responses are particularly useful
for stress/scarcity, droughts, and floodsThable29, HAC facilities received an X for a specific

category if a company reported that issue in the watershed in which the HAC facility is.

Table 29 CDP Data Aggregated Results. The CDP Results give an X in yellow if companies reported the issue
in their Direct Operations in the same watershed as HAC

Regulatory anc

Facility Watershed Stress/Scarcity Droughts Floods Quality Reputational
USA Car St. Lawrence X X X
USA Truck St. Lawrence X X X
India Car Palar X
India Truck Palar X
Germany Car Danube X
Mexico Car Rio Grande (US) X X X
China Car Chang Jiang X X
China Truck Chang Jiang X X
Japan Car GHAASBasin837

Japan Truck GHAASBasin837
South Korea Car GHAASBasin3854

Brazil Car Parana X
Brazil Truck Parana X
UK Luxury Car GHAASBasin1944 X
Germany Engine Danube X
Brazil Transmission Parana X

The use of CDP Results is not exact, because the HAC facilities are hypotihetical,
concet with agreemenanalysisconclusions can be reached about the validity of the water tools.
The main drawback is that not all companies report watershed level data, so the results of this can
only be effective as positive confirmation. In other words, @dompany specifically mentioned a
risk/stress in thatountry, thatreportcan confirm the validity of
Extremel y Hi ghbhutitshoddndbsstid tieastise alssencenfea CDP impact shows
a false positive from thol. Essentially, if the CDP result shows a risk, then the tools should
have at | east a 636 for that <category in that

confirm or deny any particular riskhese results serve as positive identificatba risk or stress.
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8.1.2 Statistical Analysis Approach

In order to compare the results of the tools, the correct analysis approach needed to be
established. For the previous comparisons 1in
was deemeduficient to show the significant difference in wisdiouldhave been similar results
for the GWT and the difference of ten years for AQE BWS (GWT stress for watershed and country
levels, AQE BWS from 2000 and 2010). However, for the remaining comparmonsjrdepth
analysis is needed to understand the context of what the results are showing. The key metrics from
CDP (igure 91) are the metrics that directbffect operations of industry, and would be the
metrics that provide the most motivation for mitigation. In other words, the analysis that follows
would be whatould motivate executives of a company to enact serious mitigation to minimize

risk and stress exposure for their company, as overviewgdunel and discussed i@hapter2.

8.1.3 Statistic Overview

The Pearsondés correlation used previously
between two data sefPunn, 2005)However, there are other useful statistevahlyseghat can
be performed to help dissect the results of the water tools. The following coefficients and
calculations all reveal propersieof the results that help put the results in conteath measure
reveals a characteristic of the toolsd result

of the facilities from best to worst.

Spear man Rank Coefficient (})

The Spearman RanRoef f i ci ent (}J) can be thought of
correlation, except it is based on the ranking of the data rather than th@ahayer, 1971)

This is wseful for the examination of water tools because the assigned state given by any metric
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can be thought of as a rank. For example, the
as a |l ower stress than a flaictiileg ywiwti i hstaatse 3 ec

the same and the facilities with a stress sta

Equaton7Spear man Rank Co e fii§thedifferemde betwedn a ramkbdeset, and dh is the
number of sets(Conover, 1971)

eBQ
EeE p

p

Goodman and Kruskaléa mma ( 2)

The Gamma (92) statistic is equivalent t o
capable of handlingada that has a large number of tidg.is the number of pairs which rank in

opposing order, Ns the number of pairs whose ranking order matches.

Equation 8 Goodman and Kruskal's Gamma, with Ny being number of discordant ordeted pairs, and N
having pairs of same order{Conover, 1971)

0 0
r —
0 0
Kendal I Tau Rank Correlation Coef fi

The Kendall tau rank correlation coefficient is a measure afdfrelation of the quantities

of two sets of data. In other words, it is a relation to the level of agreement béteesiues of

two setdata
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Equation 9 Kendall Tau Rank Correlation Coefficient (0, with C being the number of concordant pairs, D
being the number of discordant pairs, and n being the number of sets

, 5 O
géép

Kendall Coefficient of Concordan¢@/)

Kendall 6s Coef f e @®\isanonpardmeti@ctatistic fordeaamining the
agreement among raters. It is a normalized statistic, if the value is 1, then the raters ranked the sets

of data in the same order. If O, there was no agreement.

Equation 10R;j is the total rank given to object i (in this case the facility) by judge j (n is total facilities and m
is the number of judges)

Y IS
Equation1lKendal | 6s Coef fi ci e=|nistavemagerahlo)ncor dance (W)
. pPB Y Y
w T S
a &€ €

8.2 Water Stress/Scarcity

Water stresss consistently classified @ important factor in the operations of a facility
(Mueller et al., 2014pnd it is a problematimetric because the tools have slightly different
methods of calculating the stress. Water scarcity is a ligtdre straightforward metric in that
it is typically a ratio of available water and the water used, however the tools sometimes add to the
confusion by handling the calculations of stress and scarcity in the same nkaquagad WRF

Stress or Scarcit¢€alculatior). In this thesis, there are three different ways tools calculate stress
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(Equationl GWT, Equatiord WRF,andEquatian 5 AQE). However, only the GWT followed the

Falkenmark indexwhich is a known good indicator of risks to operations of an industrial facility

(Herbst, 2009; Joost Schornagela, 2012; Kumar & Singh, 2005; Mueller et al., Z02AVRF

used a ratio of consumption to available water, and AQE used a ratio of withdrawal to available

water. The three toddsvater straes results are shown Trable30.

Table 30 Water Stress Levels from GWT, AQE,and WRF. Each tool has a different calculation, but the
result is a stress state, the legend is shown.

GWT Watershed Aqueduct WRF

Annual Renewable Water Stress

Baseline Water Stress

Facility Water Supply per (WRI/NASA 2010) (GLOWASIS

Person (WRI 1995) 2011)
(m3/person/year)

USA Car

USA Truck

India Car

India Truck

Germany Car

Mexico Car 500- 1,000

China Car 1,700 - 4,000

China Truck

Japan Truck 4. High (40-80%)

South Korea Car

Brazil Car 2. Low to medium (104

Brazil Truck 2. Low to medium (104

UK Super Luxury

2. Low to medium (104

Germany Engine

3. Medium to high (20

(RS T ST T T ST

1,700 - 4,000

Brazil Transmission

2. Low to medium (10

8.2.1 Difference in Datasets

Stress State Legend

2. Low to Medium
3. Medium to High
4, High

The results from the three todls water stressre unfortunately not always consistent.

There are a few reasons for this. First, the age of some of the datasetssue. For example

the watershed level ARWS (Stress) metric was based on WRI data fronlB@5D, 2011b)

Most of the datasets usadAQE and the WRF are newer, from 2qP@ul Reig, 2013and 2011

(WWF, 2014ayespectively.Second, the resolution and geographic scales used by the tools are
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not consistent. AQE has the highest resolution for metrics that do not follow geographic boundaries
(either watershed or country). This is covered in depth in seé¢trmhird, the tools calculate
certain metrics differently, as shownHguationl GWT Calculation of Water StresSquation2

GWT Calculation of Water Scarcit¢quatiord WRF Stress or Scarcityalculation andEquation

5 Aqueduct Calculation of BW.3Essentially, the GWT follows the Falkenmark index fotewa
stress, which measures water available per person pef\WB8&SD, 2011b)and the other tools

use withdrawal (AQE) or consumption (WRF) divided by total water avail#aal Reig, 2013;

WWEF, 2014a)

For the HAC facilities, it is difficult to interpret these resutiecause of the inconsistency
between the tools. Quantifying tdéferences in stress states with standard statistical analysis of
ranking and agreement will show the exact differences and allow for confidence analysis and

comparison with known water issues from CDP.

8.2.2 Statistical Analysisof the Stress Results from GWT, AQE, ad WRF Combined

To compare the results of all three tools, the first step is to find the facilities with which
there was agreemefithe results are shown with standard deviation per facility as well as Pearson
Correlation Coefficient inTable 31. For the HAC, all three tools listed the India Facilities as
OExtremely Stressedd. It is reasonable to say
and once thetatistics are shown to completion, the results will be compared with the CDP results.
Facilities in Brazil, China, and Germany have good agreement, with two tools having a similar
state and one tools having-delel different state listed. Despite thgt@ement, facilities in Japan,

Mexico, South Korea, UK, and USA had hugely variant stress states (as large a gap as possible for

USA and Mexico). The standard deviation per facility given in GWT and AQE have a reasonable
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overall agreement of .495, whickz or di ng t o Conover i(Conowr, 6 mode
1971) The GWT to WRF relationship is in the O6weal

no relationship (closw 0).

Table3l1Results of Three Toolsd Stress with Standard Devi
Correlation is the measure of cdinearity, how well the values match)

GWT Watershed Aqueduct WRF
Facility
- | BWS (WRI/NAS{ Water Stress
Facility ARWS (WRI 199%) 2010) (GLOWASIS 201 Starjdgrd
Deviation
[m3/person/year] [ratio] [ratio]

USA Car
USA Truck
India Car
India Truck
Germany Car 0.58

Mexico Car 2.08 2. Low to Medium
China Car 0.58 3. Medium to High
China Truck 0.58 4. High

Japan Car 1.73

Japan Truck 1.73

South Korea Car 1.73

Brazil Car 0.58

Brazil Truck 0.58

UK Super Luxury 1.73

Germany Engine 0.58

Brazil Transmission 0.58

Stress State Legend

Pearson Correlation Coefficient r for each relation

GWT AQE WRF
GWT 1
AQE 0.495 1
WRF 0.274 0.023 1

Those results do give some context, but andthportant aspect is the ranking order and
relationships between the data beyond the correlation of the values. As there are three tools being
compared, the Spearman Rgnk Kendal | 0, and Goodmanfomand Kr
comparing all thre€Conover, 1971)Those three will be used for comparisons of two tools outputs
at a timeThe value of the Kendall Coefficient of Concordance can now belsd®a32, because
it can definitively show the overall relationship of the rankings assigned by the thred hemo.

value being .115 is quite low, and definitively shows the level sdgieement between all three
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tools stress state resultadlthough the values of standard deviation do show that there is
disagreement between the tools, this calculation shows the ndggyaoftthe ranking disagreement.
In order to further examine the difences, the results will be considered in pairs to allovalihe

of the listedstatistical measures to be used.

Table32Kendal | 6s Coef ficient of Concordance (W) for all t
low (W is a value from 01 representing agreement of rankingsjAnalystSoft, 2010)

Kendall Coeff. of Concordance (W) 0.115 Average rank 0.0558
Average rank Sum of Ranks Mean
GWT 1.781 28.5 2.25
AQE 2.312 37 2.875
WRF 1.906 30.5 2.438

Comparing the CDP responses of stress/scarcity to the three tools results in some
agreement andisagreementshown inTable 33. First, all the tools and CDP agree that the
locations in India are have stress risks. GWT and AQE rated Mexico Car as stressedPand CD
watershed stress/scarcity agreed with that rating. However, the facilities in the USA were only
listed as in a state of high stress by WRF, which agreed with the CDP resjpoade#ion GWT
l i sted UK Super Luxury a seithér AQE noe \WRFI agreeddi g h 6
Interestindy, AQE hadive facilities in at are higher in stress than either other tool rated (Germany
Car and Engine, Japan Car and Truck, and South Korea Car). Also concerning, is CDP had
respondents in th€hang Jiangvatershedwhere China Car and Truck are located) list it as a

watershed with a stress risk that i mpacted op
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Table33St ress States from GWT, AQE, and (WRIRics, 2012 Wat er sh

GWT Watershed Aqueduct WRF CDP

Facility ID # ARWS (WRI 1995)BWS (WRI/NAS{ Water Stress Stress/Scarcity in

2010) (GLOWASIS 201 Watershed

[m3/person/year [ratio] [ratio]
USA Car 1 X
USA Truck 2 X
India Car 3 X
India Truck 4 X Stress State Legend
Germany Car 5
Mexico Car 6 X 2. Low to Medium
China Car 7 X 3. Medium to High
China Truck 8 X 4. High
Japan Car 9
Japan Truck 10
South Korea Car 11
Brazil Car 12 CDP Risk in Watershe
Brazil Truck 13 | X |

UK Super Luxury 14
Germany Engine 15
Brazil Transmission| 16

The main discrepancies between the toots @DP are the facilities in China, USA, and
Mexico. First, the China Car and China Truck facilities are not shown to be in remarkable stress
by any of the tools, yet CDP respondents in the same watgiSB&dinformation only available
at watershedevel)did remark that water stress was impacting operatidres maps of stress from
GWT, AQE, and WRF are shown kigure93, Figure94, andFigure95, respectively. All three
show the China Car and China Truck facility in a location of a low stress state, but AQE and WRF
show locations of much higher stress close to the facilities. The GWT does not show any
particularly high stress in thparticular region. Frortheexamination it can be said that the AQE
and WRF tools both agree with the CDP result that there are locations of risk due to stress in the
watershed Chang Jiang, but neither tool happened to list the particular locatioslad-twever,
the GWT lists the entire Change Jiang watershed as being in a state of low heesore AQE

and WRF have reasonable results for China Car and China Truck, but the GWT result is lacking.
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/] Annual renewable supply per person (1995)
Mo Data

B gxtrene Scarcity

W Scarcity
Stress

T sufficient

W apundant

Risk Indi

Water

Baseline Water Stress
withdrawals / awaiablo fiow
[ Lowi<ton)

Low to medium (10-20%)
Medim to high (20—40%)
High (40-80%)
Exiremely high (580%)

Legend ¥

Asid & low wales use
No data

A S

Figure 94 HAC China Car and China

Truck shown as black circle with AQE Water Stress Mapped
& L ¥

l o “E

D No consumption
W 2bundant 0-005)
B sufficient (005-02)

Moderate (02-03)
I significant (03-04)
W sevee G0

Figure 95 HAC China Car and China Truck shown as red flag with WRF Water Stress MappedNote
regions of high stress relatively close by)
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For the North American facilities (Mexico Car, USA Car, and USA Truck) a similar pattern
unfolds. The GWT shows the entire veaished of St. Lawrence as having no water stress, with
AQE showinglocationsof high stress near the facility, and WRF showing the location in an
OExtremely Highd stress state. CDP respondent
Lawrence bas, which agrees with AQE and WRF but not GVWIexico Caris in the Rio Grande
wat er shed, whi ch Scanfip . r aAtQeEs aansd aWR&4 do not f o
boundaries, but AQHgh$gtrasée wHe X iec OWRGbupgdard e 6 WRFa 0
also has locations in the watershed that are listed as being in stressed states (3 or above) .CDP
respondents reported water stress impacts in the watemshadh would mean that the tools
should report stressed locations, and all three do. Although thegiV&$the Mexico Car facility
a 0106, It does show | ocations in the watershe
other tools. A lack of complete overlap between the tools does not mean they are wrong. For the
HAC (or any company), a result likkis shouldmake the company closely monitor the Mexico
Car facility bectwaofthe tawls and thestidird toat Istmg highly stressed
locations in its proximity. This example shows the limits of comparing company resultdheiith
reailts from the tools. It can be very effective in some cases, such as examining China Car. That
example had two tools with reasonable results, and the GWT listing the entire geographic area as

having an ample water supply. Since CDP respondents reported strass as an issue in that

area, the GWT result is not representative of the water situation in that region.
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Figure 96 HAC Mexico Car, USA facilities shown as black circles with AQE Water Stress Mapped

Figure 97 Mexico Car, USA facilities shown as red flags with WRF Water Stress Mapped
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Figure 98 HAC Mexico Car, USA facilities shown as blue triangles with GWT Water Stress Mapped

There are two other significant discrepancieth GWT listing UK Super Luxury as
O0Extremely Highdé stress state and the Ger man
OLow to Medi umd .fTmesemesuitshaee close tespite beimganl déferent states.
Fortunately, AQE outputs thew values of all of its metrics in addition to the state. For the
location of HAC Germany Car and Germany Engine the BWS value V2R, 2014)
Essentially, AQE roundedp the Germany Car and Germany Engine BWS for the assignment of
a stress state. Becausketherounding, HAC decision makers can say that the German facilities
stress state is not cause for concern based on ttepth understanding of how the tool arrived
at that stress stateor UK Super Luxuryt he GWT gave it a O6B8adbsstate
rat ed Ailtbolsanappetl 8tresses are showkigure99, Figure100, andFigure101 AQE
and the GWT both show a substantial amount of the UK to be in some state of stress (3 or above),

but the WRF has only very small areabamg in a stresses state. For the HAC profile, this is the
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facility that is hardest to come to a consensus conclusion about the results from the CDP. AQE
and WRF give it a low score, but GWT gives it an extremely high score. AQE andsSBYWI
high amountf stress in the area, and WRF does not. A lack of CDP respondents on the issue

does not definitively show therg notstress in the area.

| Ho Data
g W pxtpenes Scarcity
Suarcity
Struss
Sufficiant
B Abundant

Figure 99 HAC Super Luxury shown as blue triangle with GWT Water Stress Mapped

MNORTHER Ng

IRELAN

Han
The Haga
Rott

Caitr

Bl Baseline Water Stress
withdrawats / avallable fow
| Lowcto%)
Low %o medm (0-20%)
Madtum to nigh (20-407%)
High (40-80%)
Extrumsdy high (=80%)
Aid & low waler use
Ne dute

Figure 100HAC UK Super Luxury facilities shown as black circles with AQE Water Stress Mapped
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Figure 101HAC UK Super Luxury shown as red flag with WRF Water Stress Mapped

In order to dive deeper, the toadl be compared in pairs in the subsequent sections. This

enables statistical methods that are not available for more than two sets of data.

8.2.3 Analysis of the Scarcity Results from GWT and WRF

The CDP does not distinguish between scarcity and stressigxpli€DP, 2014) The
previous section compared the stress results from the tools, but both the@WVRF have
scarcitymetrics, whichare shown with the same CDP watershed stress/scarcity response results

in Table34.
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Table34Scarcity St ates from GWT, AQE, and WRF. CDP Watershed
WRF GWT CDP

Mean Annual

Relative Water

Stress Index
(2000)

Annual monthly

Facilities average scarcity Stress/Scarcity|

USA Car
USA Truck
India Car
India Truck
Germany Car
Mexico Car
China Car
China Truck
Japan Car
Japan Truck

Scarcity State Legend for WRI

2. Low to Medium
3. Medium to High
X 4. High

South Korea Car Scarcity Legend for GWT

Brazil Car No Data Stress  Medium

Brazil Truck 04-10 02-04 <0.2
UK Super Luxury

Germany Engine
Brazil Transmission

Immediately, and without doing statistical analysis, it is clear that neither scarcity metric
from WRF or GWT matched any CDP respondent results, save the Mexico @atysitam
GWT. Because of this very large discrepancy, the scarcity metrics from GWT and WRF will not
be examined further because the GWT only matched 1/7 CDP results and the WRF did not find
any of the HAC facilities were in a scarcity state at all f@uacess rate of O/Both metrics
effectively only show scarcity in deseegions, as shown iRigure 102 and Figure 103 with

desert regions shown Figure104.

147



Figure 102GWT Scarcity with HAC Facilities. Effectively, only desert areas are given stressed states
(WBCSD, 2011b)

Figure 103WRF Scarcity with HAC facilities. Effectively, only desert areas are given stressed states except
for parts of India (WWF, 2014b)
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Figure 104 National Geographic Map of World's Deserts(Geographic, 2015)

8.2.4 Statistical Analysis of the Stress Results from GWT and AQE

In order to begin to analyze the relationships further, the tools will be compared in pairs in
orderto calculatethpear man Rank, Kendall U, and Goodman
if state values, rankings, or complete sgjgee Because the ranking will also be exandirieable
35shows the facilities reanked according to the GWT state and the closest matching AQE stress

state.Table36 shows the statistical results.
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Table 35 shows the results for Stress State from GWT and AQE for the HAC in normal order of facilities and
facilities ranked by the GWT Stress State. This conceptually shows what the ranking statistics are comparing.

(Note, the statistical measures are not affealeby reordering, it is a visual to for the reader)

Normal Order

Ranked by GWT State

GWT Watershed Agqueduct GWT Watershed Agqueduct
Facility ID# | ARWS (WRI 1998BWS (WRI/NASA 2010) Facility ID #| ARWS (WRI 199 S)BWS é\(l)\il;)l/NAS

[m3/person/year’ [ratio] [m3/person/year [ratio]

USA Car 1 USA Car

USA Truck 2 USA Truck

India Car 3 Brazil Car

India Truck 4 Brazil Truck

Germany Car 5 Brazil Transmission

Mexico Car 6 Japan Truck

China Car 7 Japan Car

China Truck 8 China Car

Japan Car 9 China Truck

Japan Truck

South Korea Car

Brazil Car

Brazil Truck

UK Super Luxury

Germany Engine

Brazil Transmissiol

Germany Car

Germany Engine

South Korea Car

Mexico Car

UK Super Luxury

India Car

India Truck

Recall Pearson Correlation Coefficient (r) for the two tools stress states iFat898631
andTable36). Interestingly, the Spearman Rankwhich is similar in principle to Pearson r) is
rated as .449. Those results show thatvtdaesof the stress states agree more thenrelative
ranking order. The Kendall tau correlation is another statistic describing the agreement of the
rankings, which only relies on concordant or discordant pairs, which explains the lower agreement
score of .337 because it does not reward pairs that are &esdall taualso describes a
probability and not just the level of agreement. The value of .337 means that there is a 33.7%
probability gap between the chance that the pairs are matched in the same order and pairs being in

a different or der .thereisf compiete cditaintyahatihe datasets are int h e

matching order. For the GWT and AQE, there is a 33.15% chance that the rankings of a facilities

stress states are the same. The 9 statistic i

ties(Conover, 1971)and it is very similar in principle

moderate agreement, and is a higher value thaRthel U . Fi nal | fficentéfe Kend
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Concordance value is .188 is also-& 8valuation of the agreement. However, it was designed to
evaluate consistency among raters specifiq@lgnover, 1971)and a value of .188 shows only a

mild agreement among the GWT and AQE stress states.

Table 36 Results of Nonparametric Statistical Analysis for GWT and AQE stress states. Nelendall
statistics suggest moderate agreement.

Spear man | 0.449
Kendall Tau 0.337
Gamma ) 0.459

Pearson Correlation Coefficient r 0.495
Kendall Coeff. of Concordance 0.188

8.2.5 Water Stress/Scarcity GWT AQE Results Discussion

Although there was some disagreemdénth e t ool s 0 r eeltivelytgeod we r e
agreement score considering the differences in calculation and datasets. The real issue with these
tools is the way stress is defined by each one, with GWT using FalkeanthAQE using a ratio.

The only statistical measure that gives thes
Coefficientof Concordance (WW i s | i n e ar |vgluefor eadk setof daics. Bedause |

of this, W is greatly affected by the faites with disagreement from the tools. In order to get a

high W rating, both the rankings and values of the states need to correlate very highly. The AQE
BWS and GWT ARWS metrics have moderate agreement and moderate ranking agreement for r,

}, and 9.

8.2.6 Statistical Analysis of the Stress Results from AQE and WRF

The AQE and WRF stress calculations are similar in principle. Both are a water use to
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water available ratio, and both are measured scientifically. HoweVvesb&s37 shows, the results

are quite different. The statistical measures confirm the level of disagreement as shaWwie in

38.
Table 37 Stress States from AQE and WRF for the HAC
Agueduct WRF Agqueduct WRF
BWS Water BWS Water
. Stress . Stress
Facility D& (W I;I},;P;?SA (GLOWAS Facility ID# [‘.:RZIJTD?S (GLOWASI
15 2011) 52011)
[ratio] [raio] [ratio] [raio]
USA Car 1 China Car 7
USA Truck 2 China Truck B
IndiaCar 3 USA Car 1
India Truck 4 USA Truck 2
Germarny Car 5 Brazil Car 12 2 2
Mexico Car B Brazil Truck 13 2 2
ChinaCar Fi Brazil Transmission 16 2 2
ChinaTruck B UK Super Lisury 14 2 2
Japan Car 9 Germany Car 5 3 2
Japan Truck 10 Germany Engine 15 3 2
South KoreaCar 11 2 Japan Car 9 4
Brazil Car 12 2 2 Japan Truck 10 4
Brazil Truck 13 2 2 Mexico Car ]
UK Super Luxury 14 2 2 South KoreaCar 11
Germarny Engine 15 3 2 IndiaCar 3
Brazil Transmission 16 2 2 IndiaTruck

For the WRF, the interesting relation to CDP results is the stress state of the USA Car and
USA Truck facilities. All types of CDP responses included stsesircity as a factor for operations
in the USA, although none were specifically for that watershed or loc&igurel05andFigure
106show how the different tool s characteristi
resolution, and the facility (smal/l bl ack dot
the WRF, the resolution is lower, and the USA Car and USA Truck facilities are located at the
very bottom of a oOopixeld of information that

locations were bit furthersouth the WRF would have listed thestate ad Abundant 6, w h
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would have been a 616 in the statist

o Dmma
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Figure 105AQE BWS with HAC USA Facilities
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B 2bundant (0-005)
[ sufficient (0.05-0.2)

Moderate [0.2-0.3)
[ significant (0.3-0.4)
W severe 20

Fr

Figure 106 WRF Stress with HAC USA Facilities
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Table 38 Results of Nonparametric Statistical Analysis for AQE and WRF stress states. Statistics suggest
effectively no agreement.

Spear man |} 0.000
Kendall Tau -0.020
Gamma ) -0.027

Pearson Correlation Coefficient r 0.023
Kendall Coeff. of Concordance 0.125

8.2.7 Discussion of Stress Comparison for AQE and WRF

The statistical results show that the ousifot the stress states of the HAC facilities are
very different despite being corpteally similar. The CDP results cannot provide much context
for the comparison because the respoasesotspecific enough for the larger differences in the

results. However, the main issoaybe the resolution with the WRF compared to AQE.

8.2.8 Statistical Analysis of the Stress Results from GWT and WRF

The stress state results from GWT and WRF do not agree particularly well, asishow
Table 37 and statistically measured ifable 38. The statistical results show some interesting
relationships. e r value is274, whichshows a mild correlation for the values from the tools.
However, al |l of the metrics that asses the r

Concordance) shows very poor relationships between the GWT and WRF stress states

Facilities in China and Brazil are both listed as areas where CDP responding companies
have issues with stress/scarcity. However, bo

026, corresponding with o6Lowdé or OLow to Medi
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Table 39 Stress States from GWT and WRF for the HAC

GWT Watershed WRF GWT Watershed WRF
. Water Stress - Water Stress
Facility ID# ARWS (WRI 1995) Facility ID# | ARWS (WRI 1995)
[GLOWASIS 2011) (GLOWASIS 2011)
[m3/person/year] [ratia] [m3/person/year] [ratio]
USA Car 1 Japan Car E
USA Truck 2 Japan Truck 10
India Car 3 Brazil Car 12 2
India Truck 4 Brazil Truck 13 2
Germany Car 3 Brazil Transmission 16 2
Mexico Car 7] USA Car 1
China Car 7 USA Truck 2
China Truck 8 China Car 7 2
Japan Car 9 China Truck 8 2
Japan Truck 10 Germany Car 5 2 2
South Korea Car 11 Germany Engine 15 2 2
Brazil Car 12 South Korea Car 11 2 2
Brazil Truck 13 Mexico Car 6 4
UK Super Luxury 14 UK Super Luxury 14
Germany Engine 15 India Car 3
Brazil Transmission 16 India Truck 4

Table 40 Results of Nonparametric Statistical Analysis for AQE and WRF stress states. Statistics suggest
effectively no agreement.

8.2.9 Discussion of Results from GWT and WRF Analysis

Spear man 0.104
Kendal |l Tau U 0.074

Ga mma 2 0.119

Pearson Correlation Coefficient r 0.274
Kendall Coeff. of Concordance 0.007

The two tools results do not agree generally, although there is a fair amount of stress state

agreement for some of the facilities (Japan Car, Germany Car and Powertrain, South Korea Car).

Overall, the statistical measures show aible40 show the low level of agreement, particularly

t he o

stati

st

c,

which f

or

8.3 Flooding

t his

t hesi s
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Flooding can obviously cause issues for any indizidousiness, or governmeftooding
was rated by CDP respondents as the second most impactful watgiQBd$e2014) Only the
AQE andWRF have a flood water metric to examifitaul Reig, 2013; WWF, 2014a)he WRF
60ccurrence of nkHhedowd of Golorado databagigrakesridder2015; WWF,
2014a)and in the output it is descri bed-2as05iroec ul
(WWEF, 2015a)The WRI metric is also from the Univ. of Colorado datal{@sekenridge, 2015;
Paul Reig, 2013)This poses an interesting comparison, because in theory, thahoalslgive
exactly the same result if the databases are the same if the databases were the only explanation for

the differences seen in preumetrics.

However, despite having the same database for both tools, the results are not the same as
shown inTable 41. Interestingly, the facilities are ranked in exactly the same order. Also
interestingly, the databases arkandled slightly differently for assigning states for flood
occurrenceFigure1l07andFigure108show the difference. For the WRF, the only way to achieve
a 6106 is toamavelhdd oma ss sbh-mdc ef 110908d5s. woourl dA QaEc,

state. The WRF requires fewer floods for a higher state than AQE, which explains the consistently

higher ranking shown imable41. The statistical analysis results are showable42.
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Table 41 Flood Occurrence from WRF and AQE forthe HAC facilities, both ranked from best to worst.

WRF Aqueduct CDP

Large floods from 1985-2018 arge floods from 1985-201{1Flood Risk in

Site Occurrence of Floods Flood Occurrence Watershed

Mexico Car

South Korea Car

USA Car

USA Truck

Germany Car

XXX [>X

Germany Engine

India Car

BB IWIWIWI[W[W|W

India Truck

China Car

China Truck

Japan Car

Japan Truck

Brazil Car

Brazil Truck

UK Super Luxury

BDIDIDIDIDIDIDIDIDIDIDIDIDIDIOIW
X

Brazil Transmissio

Source

Flood Occurrence
# floodis 1985-2011

Low (0—1)

I Low to medium (2—-3)
Kedium to high (4—3)
High {10-27}
Extramely high (=27

. Mo data

Figure 107 AQE Flood Occurrence Key

[ 1
~

=

[[] Mo fioods between 1385 and 2013
Rare: 1-2 floods between 1985 and 2013
Moderate: 3-5 floods between 1985 and 2013
High: 6-10 floods between 1985 and 2013

B very high: > 10 floods between 1385 and 2013

L -

Figure 108 WRF Flood Occurrence Key
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Table 42 Results of Nonparametric Statistical Analysis for AQE and WRF Flood Occurrence. Statistics
suggestcomplete agreement on rank order (Gamma) and a great deal of agreement for correlation
(Spearman, Pearson) Kendall coefficients had lower values because #wtual values (not just the order) of
some locationds different between the tools.

Spear man 0.452
Kendall Tau 0.236
Ga mma 2 1.000
Pearson Correlation Coefficient r 0.459
Kendall Coeff. of Concordance 0.083
Table4d2s hows a number of interesting propert.

which means that each set of facdgiranking order was the same. In other words, the order of all

the sets was in complete agreement. The } and
state scores, but that there was O6modamrethat ed a
most pessimistic, and actually show that the differences in state value keep the sets from complete

agreement.

Another difference in the Flood Occurrence is the resolution of the data presented by the
tools. Despite having the sami@tabaseghe WRF gave the information in a much lower resolution.

This difference is demonstratedrigure109andFigure110
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Flood Occurrence
# floods 1985-2011

Low (0-1)

Low to medium (2-3)
Medium to high (4-9)
High (10-27)
Extremely high (=27)

Figure 109 AQE Flood Occurrence in Eastern China. Note the resolution.

.!MWM{RNHU‘(R WEN =y e Weromw, Aniren Cortie  Lag ot

Arwry

[[] No fioods between 1985 and 2013

| Rare: 1-2 floods between 1985 and 2013
Moderate: 3-5 floods between 1985 and 2013

: - High: 6-10 floods between 1985 and 2013

Facity it M faciites s [l very high: 510 floods between 1985 and 2013

Figure 110WRF Flood Occurrence in Eastern China. Note the resolution.

159



The CDP respondents essentially had some flood impacts in all the various
countries/watershed except for South Korgab{e28). Every other region/country was listed at
some point for impacts, impact affecting direct operations, or individual respondent results
(Analytics, 2014a; CDP, 2014As both tools list South Korea Car as a lower risk, they both seem

to have broad agreement with CDP.

8.3.1 Discusson of Results fromAQE and WRF Flood Analysis

The Flood Occurrence metric provided an interesting scenario for AQE and the WRF as
they shared a database for this metric. Despite this, the makers of each tool decided to handle the
data differentlyPaul Reig, 2013; WWF, 2014a)his causes the results of the tool to be different,
and according to the Kendall coefficient, substantially so. However, the afrtésst to highest
state waghe same.Although the CDP responses do not greatly differentiate any locations or
countries, the amount of checking that could be done (essentially having a low score for South

Korea Car) was passed by both tools.

8.4 Drought

According to the CDP 2014 Water Report, the third largest impact for respondents was
drought(CDP, 2014)However, he CDP respondents also didt have useful results that could
bedrawn from the data. The countwth a large number of responses about droigjMexico
(Analytics, 2014a; CDP, 2014hown inTable28. That is not to say that other countries do not
have problems with drought, just ti&itnilar to flooding, only the AQE and WRF havdraught

water metric to exama(Paul Reig, 2013; WWF, 2014&jowever, the AQE drought metric is
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ADrought Severityo and the WRF mdRaulRRem,2018; AESt i
WWEF, 2014a) Since these metrics are measuring different things entirely and their states cannot

be compared, there is no statistical comparisdretmade.

8.5 Water Quality

According to the CDP respondents, tierdore impactful water issue is declining water
quality (CDP, 2014)Both AQE and WRF have a calculation for the water quality for a facility.
The AQE measure is a compilation of the Return Flow Ratio (RFR) and the Upstream Protected
Land (Paul Reig, 2013and shown irFigure77. WRI defines the Quality as a physical risk, and
d e s c r i bRhgsical risks eekated tgaality are defined as the exposure to changes in water
quality thatmayimpactao mpany 6 s d i sugply ¢chairs,@mdfordogisticgRasil Reig,
2013)For the comparisomfom AQEwi t h WRF and CDP, the aggregat e
calculation will be used. From the WRF, an aggregated quality metric is available asheell.
WRF APhysical Ri sk Pollution (Quality)o metri
pollutiono and 9 o(WWE r2014apThd QDPirespondenigeacsallyr e s
reported issue with water quality in Mexico for watershed level report{Agalytics, 2014b)
From the Data Visualizer, countries with reported quality issues included Brazil and the UK
(Water, 2015)Interestingly, for all of the facilities that had data from both tools, all of the facilities

were | isted as at héteoaols resulld ard shawniiatlledd. Hi gho. T

Unfortunately, AQE has no data for the quality metric for South Korea, so for the statistical
analysis, the facility wilhave to be left out. However, with that omission, there is a good deal of

agreement between the tools. The statistics are showabie43.
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Table 43 Results of Nonparametric Statistical Analysis for AQE and WRPWater Quality . Statistics suggest
agreement for ranking of order and mild agreement for assigned values of Water Quality

Spear man |} 0.406
Kendall Tau 0.210
Gamma ) 0.529

Pearson Correlation Coefficient r 0.508
Kendall Coeff. of Concordance 0.363

Table 44 AQE and WRF Quality States with CDP Survey Results from Contry Level Reports and
Watershed Level Reports(Analytics, 2014b; Water, 2015)

CDP
AQE WRF Country | Watershed
- . . Physical - . .
Facility Overall Physical Risk QUALII-Drgllution/ quality Quality | Quality
USA Car 4. High risk (3-4) 4
USA Truck 4. High risk (3-4) 4
India Car
India Truck
Germany Car 3. Medium to high risk (2-3) 4
Mexico Car 4. High risk (3-4) 3
China Car 3. Medium to high risk (2-3) 4
China Truck 3. Medium to high risk (2-3) 4
Japan Car 4. High risk (3-4) 4
Japan Truck 4. High risk (3-4) 4
South Korea Car [No data 4
Brazil Car 3. Medium to high risk (2-3) 4 X
Brazil Truck 3. Medium to high risk (2-3) 4 X
UK Luxury Car 3. Medium to high risk (2-3) 4 X
Germany Engine [3. Medium to high risk (2-3) 4
Brazil Transmissiof8. Medium to high risk (2-3) 4 X

8.5.1 Discussion of Results fromAQE and WRF Quality Analysis

The st at

i stics

show

6Moder at ed

agreement

facilities by thetools. Interestingly, the Kendall Cogmfient of Concordance is higher for these

results than any othstatistic but the Kendall Tau is relatively low considering the relatively high
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scores for the other statistigs 6, and ). The reason for that is thédoes not take into account

the values, only if they match or not. The Kendall Goefht of Concordance does take this into

account, which results in a higher value for this set of dataakes sense thatis particulary

high because it handles ties better than the other statastidsn theseetsthere are 6 tiedt can

be concluded from the statistics that the qua
relationship.The CDP results confirm the validity tife results for Brazil, Mexico, and UK, but a

lack of reporting for the other locations/countries does not mean those results are not the correct
state of water quality in those locations. Similar to flooding, both tools gave results that had
moderate agement, and CDP respondents confirm some of the results with no apparent

discrepancies

8.6 Regulatory and Reputational

The final risk to be statistically analyzed and compared to CDP responses is the Regulatory
and Reputational Risk. AQEa s e s |1 t sand ReputatiohabRisk anWedia Coverage (by
country), Access to Water, and Threatened Amphib{&asil Reig, 2013)WRF has separate
metrics for Regulatory Risk and Reputational RMRVF, 2014a)In order to compare the two
tools, the Regulatory Risk and Reputational Risk are combined based on the defaults weights for
industrial companies givdoy WRF(WWF, 2014a) For Total Basin Risk, the Regulatory Risk is
25% and the Reputatidrisk is 5%(WWF, 2015b) so for this comparison the ratio will be held,
with 83.3% weight for Regulatory and 16.6% foegwitational The results from the tools are

shown inTable45.
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Table 45 AQE and WRF Results for Regulatory and Reputation Risk for the HAC Facilities

AQE WRF (Basin)

Facility O:Z:ﬂ::gszt:il& Regulatory risk | Reputation risk
USA Car 1. Low risk (0-1) 2.6 3.5
USA Truck 1. Low risk (0-1) 2.6 3.5
India Car 3. Medium to high risk (2-3) 3.6 5
India Truck 3. Medium to high risk (2-3) 3.6 5
Germany Car 1. Lowv risk (0-1) 1 3.5
Mexico Car 2. Low to medium risk {1-2) 3.8 3
China Car 3. Medium to high risk (2-3) 3.6 3.9
China Truck 3. Medium to high risk (2-3) 3.6 3.9
Japan Car 1. Lowv risk (0-1) 2.6 3.1
Japan Truck 1. Low risk (0-1) 2.6 3.1
South Korea Car 1. Low risk (0-1) 3.9 2.6
Brazil Car 2. Low to medium risk (1-2) 3 5
Brazil Truck 2. Low to medium risk (1-2) 3 5
UK Luxury Car 2. Low to medium risk (1-2) 2.3 3.3
Germany Engine 1. Low risk (0-1) 1 3.5
Brazil Transmission |2. Low to medium risk (1-2) 3 5

Table 46 AQE and WRF Results for Regulatory and Reputation Risk for the HAC Facilities with WRF
results weighed to give one overall regulatory and raegational state (Note: raw values rounded to nearest
integer for state score, method consistent for all tools)

State Results for Comparison
AQE WRF

Overall Regulatory |Overall Regulatory &

Facili
v & Reputational Risk Reputational

Germany Car
Germany Engine
USA Car

USA Truck
Japan Car

Japan Truck
South Korea Car

2. Low to Medium
3. Medium to High
4. High

UK Luxury Car
Brazil Car

Brazil Truck

Brazil Transmission

Mexico Car

India Car

India Truck
China Car
China Truck

o | b W w w f (wwww

W w |ww MMM
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Table 47 HAC Facilities Regulatory and Reputational Risk with CDP results for impacts based on regulatory
or reputati onal risks (Water, 2015)

State Results for Comparison
AQE WRF CDP Country

Overall RegulatoryOverall Regulatory { Regulatory and
& Reputational Ris Reputational Reputational

Facility

Germany Car
Germany Engine
USA Car

USA Truck
Japan Car
Japan Truck
South Korea Car
UK Luxury Car
Brazil Car

Brazil Truck
Brazil Transmission
Mexico Car
India Car
India Truck
China Car
China Truck

2. Low to Medium
3. Medium to High
4. High

XXX X

CDP Risk in Coun
X

BIBIBIDIDIOIWIWIN|IDIW|[W[W[W

WIWIW[WINININININ

XXX XXX XX

The CDP respondent results do show trends that can be used for comparison wititshe res
from the tools Effectively, all of the countries in which the HAC operates except for Germany,
South Korea, and UK have some respondents reporting reputational and regulatdqiy/ aisks
2015) The WREF results match very well with the CDP resUlth(e47), except for gring South
Korea Car a high score. However, this does not mean that score is invalid, because there could be
companies experiencing that issue and not reporting to CDP. AQE however, only scores facilities
in China and India as at a risk state of concenr gbove) of the HAC facilities. This is concerning
because CDP respondents reported issues in countries were AQE reports as being at low risk for

reputational and regulatory risks.

The two tools correlation statistics suggest agreement for all of the statistics, with both
and W measuring as O0Strongd6 correlations betw

of the facilities by the tools agrees with the exception of WKury Car and South Korea Car.
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However,in the case of UK Luxury Car, the state was the same, AQE just ranked it as a higher
stress relative to the other facilities than WRF did. The only disparities in state score were for
facilities in Japan, South Koreand the USA. However, the ranking order of the facilities still

matched generally.

Table 48 Results of Nonparametric Statistical Analysis for AQE and WRF Regulatory and Reputational
Risk. Statistics suggest moderate to strong agement.

Spear man |} 0.609
Kendall Tau 0.465

Ga mma ) 0.742

Pearson Correlation Coefficient r 0.576

Kendall Coeff. of Concordance (W) 0.813

8.6.1 Discussion of Results fromAQE and WRF Regulatory and Reputational Risk

AQE consistently had lower risk states for all facilities, and a global map of the Regulatory
and Reputational Risk shows the seemingly optimistic picture from AQlgure 111 (WRI,
2014) The problem is that CDPspondents have reported Regulatory and Reputational Risk in

countries where AQE scores a low risk.

166



Figure 111 AQE Regulatory and Reputational Risk with HAC facilities

Despite this, the ranking order and values of risk statesebet the tools had broad
agreement with each other, as seehahle48. The results from WRF did match CDP respondent

reported risks much better than AQE however.

8.7 Key Metric and CDP Results Discussion

The CDP 2014 ®Gbal Water Report specified the top five watésks as water
stress/scarcity, flooding, drought, quality, and regulatory & reputational (@&R®, 2014)The
three tools each hatress metrics for comparison, but for the other four factors, only AQE and
the WRF had available results. An additional problem is the lack of standardization of metrics
among the tools, and in water analysis more byo@ethul Reig, 2013; WBCSD, 2011b; WWF,
2014a) Despite his, all of the tools give their results for these metrics in states rarkedHis

enablsst at i sti cal comparison of the results as
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