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EXECUTIVE SUMMARY

This Report is the Impact Evaluation Design for Regional Infrastructure Development
program of Millennium Challenge Georgia. The oviepajective of the Design is to estimate
the impact of the RID projects with suitable coufatetuals and to provide additional insight
in areas where a counterfactual might not be féasib

The Introduction (later in this Report) describes Report in some detail. In this Executive
Summary we wish to make several points to settdggesas people review the Design.

This Report Focuses On The Analytical Methods To BElsed In The Design; Survey
Details Will Be Included In The Next Report To Be Pepared

There are more than 20 deliverables within the B8R, In this scheme, the Impact

Evaluation Design (this Report) is separate froemDetailed Survey Design (technical
features of the surveys, described in the nextréorts). From a Design-creation perspective
this is a very good division of work.

The sequence of Impact Evaluation Design firstyeyidetails second caused us to focus on
the Key Research Questions and the best analytietidods to use to answer those questions.
We have been able to do this without becoming bogigsvn in survey details. We have
noticed that many of the experts we deal with atenally drawn to the technical details of
the surveys to the exclusion of some larger-pictssgaes, such as selecting the best
combination of analytical methods.

The practical effect of this division of work isatfthis Report is 80 percent about the
analytical methods to be used to answer the Keg&teb Questions and 20 percent about the
surveys to be undertaken. Analytical methods irelud

B Baseline and ex-post survey analysis

B Treatment and control analysis

B Micro-model analysis

B Social Accounting Matrix (SAM) and Computable Geatétquilibrium (CGE) analysis
B Micro-simulation analysis

B Case study analysis.

The Design Is Very Broad And Deep:; Consequently, Ipact Will Be Measured In Many
Areas

The Key Research Questions are very expansiveliipact Evaluation Design is equally
broad. Impact measurement falls into six Impactupso

B Direct impact on individual households: monetargts@f water and sewer services,
willingness to switch to the new water systems,jmmgppime, water consumption, water-
borne disease, perceptions of safety and physiogkpties of water, access to public
sanitation information, individual sanitation priaes, time and inconvenience of less
than 24/7 water and gender issues
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B Direct impact on individual firms: monetary costsa@ter and sewer services,
willingness to switch to the new water systemsawabnsumption and the new water
systems as enablers of growing existing companieseating new companies

B Direct impact on water utilities: supply and demandvater and sewer services, water
quality, cost structure, financial viability andieiency

B Direct impact on Governmental institutions: the lptibealth system and large
Governmental users of water(, prison, military bases)

B Direct, indirect and induced impact on the oveeathnomy: output (GDP, productivity),
prices (real prices and inflation), poverty (empient, wages, household expenditures),
inequality (household expenditures, gender issuealth) and national accounts (current
account, capital account, public finance)

B Complementary impact between the RID projects dhdraViCG initiatives.

Impact will be rigorously measured in some of thassas and less rigorously in others. Many
impact measurements will be very helpful when MCG@ athers need to make practical
decisions in the futuree(g, tariff rates).

The Design Strikes A Balance Between Analytical Rag In Proving Impact And Creating
Results That Can Be Used Practically

Best practice in impact evaluation requires conepéetalytical rigor in regard to design and
counterfactuals. A usual result of this emphasé#srislatively short list of measurements that
are actually reported on. However, the conclusabut impact reflected in those measures
are very well defended statistically.

The Design includes a good number of hypothesiazgxhcts that will be confirmed or refuted
rigorously. These are noted a Primary Metrics; thalybe fully listed in the next Report
since they are closely related to sample size sssue

At the same time, there are practical uses forrdéss rigorous results that could come from
the RID IEP Design. This information may not mdmeg &nalytically rigorous standardsd,
there may not be proper counterfactuals) but tfernmation provided will nevertheless the
extremely helpful when practical decisions haved¢anade.

For example, proving (with suitable counterfacty#tat spending on coping drops by 25
percent because of the new water system is imgddasvaluate the overall impact of the
new water system. However, that conclusion doeelpito answer the real practical
guestion of the level at which the tariff shoulddat.

A pleasant side-effect of creating a rigorous im@a@luation Design is that the Design can,
at the same time, produce many practical results.

The Designh Has Gone Through A Rigorous Review Prosg To Ensure That It Is
Properly Structured

Over the past two months early versions of thisdRepere circulated among a great number
of experts, including MCG and MCC staff, water expérom RTI International, CGE
experts on the RID IEP team and others who willirggve their time to improve the Design.
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Each person was asked to comment on opportungiemprovement. The comments of the
experts have been fully incorporated into thislfireasion of this Report.

To the end the comments made mostly had a serdarification of one point or another. In a
few cases we changed our approach somewhat to aeltieve RID IEP objectives. The
remaining comments focused more on the technigads of the survey® (g, the sampling
methodology) than on the Design of the impact eatabn.

The one comment received from several sourcessimat yet fully resolved. Experts told us
that the Design is very ambitions. The Design hraad reach and the analysis that will be
possible at the end is very deep. Comments iratieig were 1) can the proposed surveys be
done with reliable results and 2) can the propa@sedysis be done.

Our work with ACT suggests that the surveys arssipdes, although difficult. To the end we
may need to reduce the number of surveys somewliattithin the agreed upon survey
budget. This issue will be finalized in the nextad (Deliverable F). Sufficient resources for
analysis does remain problematic. We will perfohmse analyses specified in the contract.
However, there will be a broad range of analysas¢buld be done that may remain
unexploited at the end of the RID IEP. For examiple,RID IEP is not a tariff study.
Nevertheless, there will be voluminous data andrmftion that would shed light on the
advantages and disadvantages of different watéirgelnemes.
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1 INTRODUCTION

The 5-year, 395,3 million MCG Compact seeks to ceduoverty and stimulate economic
growth through rehabilitation of regional infrastture and developing enterprises in the
regions of Georgia. The objective of the Region#iastructure Development (RID) Project,
one of Millennium Challenge Georgia’s (MCG’s) fipeojects, is to improve municipal
service delivery. The grant amount will be primarily used for thiabilitation of water
supply and sewage systems in several towns of @eorg

The objective of the RID Impact Evaluation ProjéRID IEP) is to assess the impact of five
water projects (three which also include seweresys). The five individual RID projects are
expected to improve the operation of important pagan centers, reduce business
transaction costs, contribute to economic growth @overty reduction and improve the
quality of life for more than a quarter million Gg@ns, particularly benefiting the poor.

This Report describes the Impact Evaluation Defigsign) that best suits the needs of the
RID IEP. The Design is based on our understandirnigeoRID projects, conditions in the RID
cities, timelines for the RID projects, overall eduale for the RID IEP and industry-standard
impact evaluation methods. The emphasis in thegdgsiis Report) is on the analytical
methods that will be used to accomplish RID IEReotiyes. Subsequent reports (such as
Deliverable F) will contain detailed descriptiorfste technical aspects of the different
surveys to be undertaken.

Briefly put, the RID IEP Impact Evaluation Designa combination of survey-based and
economic modeling methods. These two complemematihods combine to meet the unique
needs and constraints of the RID projects and tBelRP. A unique feature of this particular
evaluation is that during the allotted time for #tedy, including Phase lll that is to be ex-
post work, many of the infrastructure projects wik be completed. The Design was crafted
to succeed under this constraint.

Survey methods will serve several purposes. Théyvavide baseline data, as most
beneficiaries of the RID projects have yet to reee¢he planned benefits; that is, most of the
RID projects have not yet been fully implementekistwill allow MCG to conduct ex-post
impact evaluations should MCG choose to do so.

Survey methods also will permit estimation of catreater and sewer costs for individual
households and firms as they cope with poor queléter and irregular water service. These
direct (and in the future avoided) costs will parthe RID IEP to estimate economic rates of
return for the individual RID projects and for tRé&D Project overall. Making these estimates
will be possible just after data is collected withthe need to wait a long time to collect full
ex-post data.

Finally, the survey data will be used as inputsdonomic models (specifically Computable
General Equilibrium (CGE) models and micro-simwatmodels). Several anticipated
indirect and induced impacts, not captured by usualey methods will be estimated through
the economic models.

! The entire Regional Infrastructure RehabilitatiRnoject is termed “the RID Project”. The five inaival
projects are termed “the RID projects”.
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The requirements for the Design and the contentisi®Report are noted in the Terms of
Reference for the RID IEP as:

“Final detailed evaluation design and data coltectieport, including key
research questions, evaluation methodology andgualeslescriptions of
surveys, key indicators, target areas, target grdtrpatment and control),
beneficiaries and implementation and data colledétan.”

1.1REPORT ORGANIZATION

This Report is divided into 12 Chapters. There sgjparate document containing
13Appendixes. The material in the Report genefallg into three areas: 1) background
material with a general description of the anagltimethods used as an integrated whole, 2)
detailed design of the used analytical methods3rnceatment and control and surveys.

Chapters 2 through 4 contain background matertayTdescribe the RID IEP and the overall
Design that will be used. Readers already famulidéin the RID IEP can probably skip these
Chapters. Related information on the Key Reseanss@ons, the RID cities and background
information on CGE models is shown in Appendixes ®.

Chapters 5 to 10 discuss the analytical methods;iddeand Data Elements in each of the six
Impact Areas (i.e., individual households, indiattirms, water utilities, Governmental
institutions, overall economy and complementaryéis). These Chapters are at a medium-
level of detail. Much more detailed information iodividual households, individual firms

and water utilities is contained in Appendixes B tdlore detail on the CGE models and
micro-simulation analysis to be done are shownppéndix K. Appendixes L and M show

the full list of Metrics and Data Elements.

Chapters 11 and 12 describe treatment and cosswés and the suite of surveys that will be
undertaken to provide the data needed for the impaduation. The description of the
surveys is at a high level as their detailed desdhe next step in the RID IEP; they are not
within the scope of this particular Report.

The following Section describes the content of eéabbpter and the related Appendixes in a
bit more detail.

1.2BACKGROUND CHAPTERS

Chapter 1 — Introduction (this Chapter) describes the context for the RFEP &nd the
organization of this Report.

Chapter 2 — Impact Areas And Analytical Methodsdiscusses how the various pieces of the
Design fit together as an integrated whole. It dbss how the RID IEP focuses on RID
project impacts rather than outputs or outcomegedtribes the Impact Hierarchy, into which
all impact areas fit, and then discusses the sakyioal methods that together comprise the
Impact Evaluation Design. It concludes with a diggiom of how the Design moves from
Impact Sub-Categories to measurement Metrics ta Blments.Later Chapters describe

% These specialized terms are defined in the Chapter
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the actual Design in full detail. Appendix A dissas the Key Research Questions in some
detail. Appendix B describes the RID cities in domtext of impact evaluation.

Chapter 3 — Micro-Models To Measure Impactdescribes how the Impact Evaluation
Design uses a suite of micro-models to estimateentiwater and sewer costs and coping
times for a variety of economic playeesd, individual households, individual firms). As an
example, the Chapter discusses the conceptuakapph of the micro-models to individual
households, then to households as a group andyfasalnputs to the economic models
described in Chapters 4 and 9. Detailed descriptodrthe use of the micro-models to
particular economic players are contained in Chagido 7.

Chapter 4 — CGE Models To Measure Impactiescribes the class of economic models that
are part of the Impact Evaluation Design. In thie@ter the models are introduced; detailed
descriptions of the unique features of the modmishfe RID IEP are handled in Chapter 9.

The Chapter starts with a short discussion of tomemic methods that were considered
before settling on Computable General Equilibri®&GE) analysis. The Chapter then
describes CGE analysis and models in a non-tednmaya The Chapter ends with
discussions of how CGE analysis has been appliadiiole range of economic issues,
including water and small economies. Appendix Ctaims a more technical discussion of the
history and theoretical underpinnings of CGE analyghile Appendix D shows a simplified
CGE model that was used during the developmeriteoDiesign.

1.3ANALYTICAL METHOD CHAPTERS

The following six Chapters discuss impact measurgnmethe six Impact Groups, one by
one.

Chapter 5 — Individual Households Impact Groupdiscusses how the impact of the RID
Projects on individual households — at the mickele- will be measured and reported.

There are two Impact Categories: total water ameeseost and quality of life. A water audit

to measure actual water consumption is also destrideasurement of impact in each area is
described in moderate detail. Additional detaiks strown in Appendixes E, F and G.

Chapter 6 — Individual Firms Impact Group describes impacts on individual firms at the
micro-level® Two Impact Categories are discussed: total watérsawer cost and business
enablers. Measurement of impact in each areacsisbed in moderate detail. Additional
details are shown in Appendix H.

Chapter 7 — Water Utilities Impact Group discusses the effects the RID projects will have
on water utilities in each of the RID cities in ogigonal and financial areas. Measurement of
impact is described in moderate detail. Additicshetiails are shown in Appendix .

Chapter 8 — Governmental Institutions Impact Group discusses how the impact of the
RID projects on Governmental institutions will lesassed. These institutions include the
public health system and prisons and military bases

% Macro-level impacts (indirect and induced) aresidered as part of the overall economy Impact Ginup
Chapter 9.
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Chapter 9 — Overall Economy Impact Groupdescribes the use of Computable General
Equilibrium (CGE) models to assess macro-econofffects of the RID projects at the
individual RID city level. Chapter 4 described C@i6dels in general. This Chapter 9
describes the CGE models that will be used foRt2 IEP and the decisions that were made
in creating the Design. The Chapter also deschbgsmicro-simulation will be used to
understand RID project impact on poverty and inggudhe Chapter ends with ways the
CGE models can be used for other infrastructurgept®in Georgiad.g, water projects other
than the RID projects). Additional details are shawAppendixes J and K.

Chapter 10 — Complementary Activitiesdescribes how the RID IEP will use primarily case
studies to determine the interaction between tlie frbjects and other MCG projects
including the Samtskhe-Javakheti (S-J) Road Reletinh, the Agriculture Development
Activity (ADA) and the Georgia Regional Developménind (GRDF). The impact of the

RID projects on the Poti Free Industrial Zone (FEZalso described in this Chapter.

1.4TREATMENT AND CONTROL AND SURVEY CHAPTERS

Chapter 11 — Treatment And Controldescribes how the RID IEP addresses the important
issues of treatment and control. It discusses hewvil create a pool of individual
households and firms as a control group. Therenaillbe an attempt to create controls at the
city level. Rather a stratified design will be useth matching at the individual household
and firm level. Difference-of-differences will beed in most impact areas outside of general
economy effects. Much more detail on treatmentamdrol issues will be contained in
subsequent reports, including the next Deliver&ble

Chapter 12 — Planned Surveysliscusses the surveys and case studies thatewill b
undertaken by the RID IEP. Each survey and casly ssudescribed in some detail with
particular attention paid to key indicators, targegas, target groups (treatment and control)
and beneficiaries. Much more detail on the plarswseys will be contained in subsequent
reports, including the next Deliverable F.
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IMPACT EVALUATION DESIGN - GENERAL
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2 |IMPACT AREAS AND ANALYTICAL METHODS

Undertaking impact evaluation requires considetimggstudied-project’s objectives,
identifying both likely positive and negative outees, specifying measurements and needed
data for different types of possible outcomes, eranrg the extent to which outcomes can be
attributed to the studied project and finally detigring the cause and effect relationships that
govern those outcomes.

This Chapter describes the process the RID IEP tasédvelop the Impact Evaluation
Design. This is how we approached and solved trsegDeroblem. Later Chapters describe
the actual Design in full detalil.

The Chapter is divided into eight Sections. Thst f8ection stresses that the RID IEP focuses
on measuring the impacts of the RID projects. TéetiBn draws a sharp line between
monitoring and evaluation on the one hand and imn@ssessment on the second. This is to
clarify the difference between outputs (generalig@nitoring and progress evaluation matter)
and impacts. The RID IEP focuses on impacts.

The second Section discusses how the RID develiyeihal list of needed Data Elements,

a key output of the Impact Evaluation Desfgrhis Section stresses how we moved from the
Key Research Questions to general to specific itngr@as and then to specific measures
(Metrics) to use in each impact area and thendorttlividual Data Elements needed to
calculate or report the Metrics. This train of tgbti(Key Research Questions to needed Data
Element) will be reversed once data is collectegetdorm the data processing that will
produce the final report (Data Element to quantiéatonclusions in the final report).

Section three describes the impact areas thabwitheasured by the RID IEP. This includes a
list of six Impact Groupse(g, individual households, overall economy), leadimgn Impact
Hierarchy that includes Impact Groups, Categomabs3ub-Categories (all impact areas). The
Impact Hierarchy shows the way the rest of the lchaaluation Design is organizeeld,

each of the Impact Groups has its own ChapterisnRBport). As an aside, the impact areas
refer to impacts thahight accrueto the RID projects. Whether these benefitsaataally
receiveds the subject of the RID IEP generally.

The fourth Section defines and describes eacheolinipact Groups in a bit more detail.

Section five describes the six analytical methdds are used in the Design. Each impact area
is addressed by one or more of the analytical nisthbhe Section also discusses how each
analytical method will be used to estimate RID Bcojmpact at this moment and2011 and

c. 2015. Chapters 5 to 10 describe the use of thigtarah methods for particular Impact
Groups with additional details in Appendixes E to K

The sixth Section shows how the RID IEP moved ftbenimpact Sub-Categories to
individual Metrics and to Data Elements. Chaptets 50 discuss the Metrics and related
Data Elements with additional detail in Appendiket K. Appendixes L and M show the
full list of Metrics and Data Elements.

4 A Data Element is a bit of data needed to caleubatreport a measurement in a particular impa.dbata
Elements come from new RID IEP surveys and frorstang data sources.
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Section seven briefly describes how survey resultde aggregated to produce overall
results. Given that sampling will be done propetig aggregation is essentially a simple
summing. More details on aggregation will be camgdiin subsequent reports.

Finally, Section eight discusses the proof of cphéer the Design. Elements of the Design
have all been used before, but never in the cortibmanvisioned for the Design. This
Section discusses the risks and mitigations far shuation.

2.1FOCUS ON IMPACT

The objectives of the RID IEP are clearly in thediof impact measurement (outcomes).
However, the current stage of the RID projects, (before construction has finished and even
before it has begun in several cases), usuallyavoelin the field of monitoring and progress
evaluation (generally outputs). This Section byiebbmpares and contrasts monitoring and
progress evaluation (outputs) and impact measurefaettomes) in the context of the RID
IEP. The Section concludes with a discussion ofrti@ications of these distinctions for the
RID IEP.

2.1.1Monitoring And Progress Evaluation

Monitoring and progress evaluations are tools tisedform management and key
stakeholders how well asngoingpolicy, program or intervention appears to be meet
stated goals. A key emphasis in monitoring and rgggevaluation is to measure outputs,
assess progress and then make changes as neddedrtgoingprocess or project. All the
RID projects ar@ngoingat the present moment with planned completionsifaten late
2009 to 2011.

Through systematic data collection and analys@gept outputs during implementation are
assessed as the indicatoropfioinggoal-attainment. For example, kilometers of nepepi

and number of firms serviced by the new water systeght be project outputs. By

evaluating progress relative to immediate outpeis,(km of pipe, number of firms), the
monitoring and progress evaluation framework assuitmat higher-level goale (@,

outcomes and impacts such as economic growth)kalg to be met if the immediate outputs
occur. That is, that economic growth will occuffiasis are serviced by the new water system.
Significantly, monitoring and progress evaluatiaes not investigate whether these firms
have actually increased economic activity as alresthe new water system; it is simply
assumed to be so during program or project impléatien.

2.1.2Impact Measurement

If monitoring and progress evaluation focus ondbputs ofongoingprocesses or projects,
then impact measurement focuses on the outconmsgiletedprocesses or projects.
Outcomes can be measured after the changes havieneaih create an impact. Impact
measurement includes tools to:

B |dentify and measure changes in outconeeg,(income, consumption, health, GDP)

B Analyze direct and indirect causal relationshipsveen the intervention and observed
changes in outcomes

B Attribute changes in outcomes (in whole or parthiintervention.
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In contrast with monitoring and progress evalugtiorpact measurement focuses on higher-
level objectives such as quantifying whether thB Rilojects positively affect poverty levels
in the RID cities.

2.1.3Implications For RID IEP

The RID IEP is clearly impact (outcome) focusedn€amuently, there are only a few things
in the Impact Evaluation Design that have a sehsetputs in a monitoring and progress
evaluation senseRather, the Design focuses on measuring the owsaithe new water
systems in the context of economic growth and guafilife for citizens.

Focusing nearly exclusively on outcomes greatly giacates the task. Usually there are
multiple inputs that affect the outcome area. B@naple, an increase in tourism in Kobuleti
(an outcome) could be due to the new water systetimthe general improvement in the
Georgian economy. The Design is crafted so as tbhleassign causality to observed
outcomes, up to a certain point.

The following chart shows the overall logic modai the RID Project.

1. Logic Model Of The RID Project
» HYPOTHESIZED CAUSALITY l
PROJECT OUTPUTS PROJECT OUTCOMES PROJECT IMPACTS

=New municipal water
sources ( e.g., springs)

= New municipal water
pumps

= Selectively replaced water
mains and feeder lines

= Water meters in individual
households and apartment
blocks

= Selectively replaced sewer
mains

= New sewage treatment
plants in three cities

= Improved water quality

= Improved water quantity

= Improved access to water
(likely not 24/7, but better
than today)

= Reduced delivered cost of
water

= |Increased capacity of
sewage collection system

= Reduced discharges of
untreated sewage

*

= Reduced cost of water and
sewer services

= Reduced incidence of
water-borne disease

= Reduced inconvenience

= Increased GDP

= Increased employment

= Improved public support of
water and sewer tariffs

INTERVENING FACTORS

= Political unrest

= General economic malaise
in Georgia

= Tariff policy (funding of
subsidies to the poorest)

2.2FROM KEY RESEARCH QUESTIONS TO DATA ELEMENTS (VARIA BLES)

This Section briefly describes how the RID IEP nbfrem the Key Research Questions to
Data Elements and how we will reverse the pathdaeerfrom Data Elements to the final
report. The Key Research Questions are listed audissed in Appendix A.

® One such matter is the number of people receiwiaigr from the new water systems.
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A common way of proceeding in an impact evaluatsoto imagine all the data that might be
needed, collect all the data (that might be needbstide what data to usee(, what data to
analyze) and leave the remaining orphaned datangexted for the analysis) unused.

The approach the RID IEP has taken is differenth\Wie Key Research Question as a base,
we identified impact areas and then organized timonan Impact Hierarchy. Treatment and
control issues were considered while organizingactjareas into the Impact Hierarchy. We
selected a range of analytical methods suitablariatyzing the situation in the impact areas
as a whole. Within each impact area we then deeelgprange of specific Metrics
(measurements) that would illuminate the particutgract area. Finally we specified the
precise Data Elements that are needed to calcadasport each Metric. This approach is
shown in the following chart.

This train of thought (Key Research Questions &dee Data Element) will be reversed once
data is collected to produce the final report (DE&EMent to quantitative conclusions in the
final report).

2. Schematic Path From Key Research Questions To Quat#tive Conclusions In The Final Report

Key Rgsearch

Queskon
Impyct
(organixed > Treatment And
Control

]
| Analytical Methodsﬁ\
¢
Mytric

(measurgments)

//

And OQthey/Data
ourtes

Source: RID IEP Analysis.

Conceptually, at the end of the RID IEP there sthdnel no collected data that has not been
used in some fashion. The only possible exceptimhinbe some demographic data that, to
the end, proved not worthy of being reported upon.

Several features of Data Elements are worthy oftimienTo the end, approximately 3 000
Data Elements will be used for various purposes:tinirds will be inputs to the Social
Accounting Matrix (SAM) used in the Social AccourgiMatrixes (SAMs) And Computable
General Equilibrium (CGE) Analysis (described later

Each Data Element has several features in common:
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B Each Data Element is an exact number, (“about 3” cannot be used but “3” can be
used; keeping in mind that we never claim thati&3the right number)

B Each Data Element has a name and a descriptioer&taddable more or less to the non-
technical person; some may be very technical inreabut even those technical
definitions are commonly understood by experts)

B Each Data Element number comes from some pladeistitdhas a source that can be
very precisely defined (in a meta-data sense ftairce).

As part of the Impact Evaluation Design, the Datntents can be simply listed in a long
table with four columns: name, description, gengyaé of sourceif., RID IEP surveys,
existing primary data, existing secondary dataestomated data) and specific source. The
specific source must always be findable by a pevgtom has the list of Data Elements (and
who chooses to track down the source).

Finally, while not a property of the individual @aElement, the Data Elements can be
organized in a hierarchy to aid understanding. Glsly a list of 3 000 Data Elements with
no organization would be very unwieldy or even iisgible to understand. There is not an
objectively perfect organization (that is, one tb@atnes from the data itself) but for certain
there is one hierarchy that can be used to undherskee overall structure.

The Impact Evaluation Design includes a table aaEdements. Many are shown in the text
of this Report. The full list is shown in Appendvk

2.3IMPACT HIERARCHY

Not surprisingly, there is a long list of impadtat might accrue to water and sewer systems.
Some impacts are easy to understand while othersudtle. Some impacts are easy to
quantify while others are very hard or even impassio quantify.

This Section discusses the range of impacts tltatiado water systems and organizes them
into an Impact Hierarchy containing many impactard he detailed Impact Evaluation
Design, discussed in later Chapters, covers hawgasure impact (with Metrics) in each
impact area.

The Section starts with a discussion of a comprgilierist of impacts identified by the RID
|EP; this is generally a brainstormed fiskhe list of impacts is then grouped and prioritize
into six Impact Groups.

The second Sub-Section then sub-divides each InGractp into two further levels (Impact
Categories and Impact Sub-Categories). This ovsiraitture of impacts (Impact Groups,
Categories and Sub-Categories) is the Impact Hikyail he Hierarchy is logical and
relatively easy to understand. However, it musadhaitted that it is not the only possible
organizational scheme for impacts. However, forpghoses of the RID IEP it has guided
the detailed design work.

® Note these are possible benefits. The objectitbeRID IEP is to determine if these benefitsastually
achieved by the RID projects.

28



RID Impact Evaluation Project
TBSC, ACT

The next Section defines and describes each dirthact Categories and Sub-Categories in
greater detail.

2.3.1Impact Groups

Early in the design process the RID IEP did aneptt review of water and sewer system
impact areas and then brainstormed about the implaetRID projects might have. The
following chart shows the list of impact areas. M#ieve that this list is comprehensive and
all likely impact areas are covered by either f{hecefied point or in a detail under one of the

points.

3.

General Areas Of Impact From RID Projects

m Stimulate local economy through infrastructure
development works

m Reduce system maintenance costs

m Reduce municipal subsidies to water company
m Reduce first-time business opening costs by
eliminating need for coping infrastructure

m Reduce first-time home owner costs by
eliminating need for coping infrastructure

m Eliminate daily coping costs for businesses (i.e.,
collect, pump, store, treat and/or purchase)

m Eliminate daily coping costs for households (i.e.,
collect, pump, store, treat and/or purchase)

m Effects of consumption tariffs for businesses

m Effects of consumption tariffs for domestic
consumers

= Remove water delivery pressure constraint for
developers and businesses (i.e., can build higher)

m Reduce employees that are neede by
businesses for alternative water system
maintenance

m Impact small businesses, such as car washes,
which rely on unmetered water

m Impact household subsistence agriculture if
potable water is used for backyard gardens;
adjacent plots

m Impact on demand for bottled water by tourists,
hotels and restaurants

m Increase business investment (particularly
tourism) signaling through reliability and stability of]
the system

m Improve potable water quality

m Improve riverine water quality (two locales)

m Reduce pollutant emissions from elimination of
pumping

m Save energy from reduction/elimination of
pumping

m Improve cleanliness and attractiveness of cities

Source: RID IEP Analysis.

We then developed a range of sub-benefit areasamtldate measurements; the objective
here was to develop a better understanding ofathger of likely impacts rather than making
any decisions on particular measurement methoden®a impacts were then aggregated
into the six RID IEP Impact Groups shown in thddwing chart; all impacts reported by RID
IEP fall into one of these six Impact Groups. Theamings of the individual Impact Groups
are described further later in this Chapter.
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4. RID IEP Impact Growg
Individual Overall
Households Economy

NS

Individual Firms p—» IMPACT <«— Complementary

Activities

Governmental
Institutions

Water Utilities

Source: RID IEP Analysis.

2.3.2Impact Hierarchy

The RID IEP further divided the Impact Groups iltgpact Categories and Sub-Categories.
Each Impact Category and Sub-Category is descibtie following Section. Note that
every impact to be examined by the RID IEP fallthwi one of the Impact Sub-Categories
(and hence into one of the Impact Categories atodoine of the Impact Groups). This
provides a true hierarchy of impact for the RID.IEP

The following chart shows the RID IEP Impact Hietay. A representative Metric is shown
for each Impact Sub-Category for explanatory pugpo$he representative Metric is included
only to better explain the meaning of the Impadd-8ategory; it is not the most important
Metric in the Sub-Category.

Later Chapters describe the suite of Metrics irheé&gb-Category in complete detail. For
example, in the first line of the chart the repreéave Metric for:

B Impact Group: Individual Households
B Impact Category: Total Water And Sewer Cost
B Impact Sub-Category: Monetary Costs

is Total Annualized Semi-Variable Cost Of Water A®elwer. In fact, the Design contains
many Metrics related to water and sewer costs agggrand to fixed, semi-variable and
variable costs for each.

There are a number of Primary Metrics (not theespntative Metrics shown in the chart)

that drive the sample sizes for the individual sys/ The Primary Metrics are defined in
Chapter 11 as part of treatment and control.
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IMPACT GROUP

IMPACT CATEGORY

IMPACT SUB-
CATEGORY

REPRESENTATIVE METRIC FOR IMPACT SUB-
CATEGORY ("Changein ...")

Total Water And
Sewer Cost

Monetary Costs

Total Annualized Semi-Variable Cost Of Water And Sewer

Willingness To Switch

Likelihood To Switch For Water And Sewer Combined
(larger is more likely to switch)

Coping Time

Annual Time Spent On Managing Private Water System

Water Consumption

Annual Water Consumption By Shower And Bathtub For
Bathing

Individual
Households

Quality Of Life

Health Incidents

Number Of Incidents Of Gastrointestinal Disease In
Household In Last Month

Perceptions Of Safety

How Are The Sources Of Water That Is Used For Potable
Uses Treated Before Consumption

Perceptions Of
Organoleptic Properties

Perception Of Taste Of Alternative Sources Of Water
(excluding bottled water)

Public Sanitation
Information

Frequency Household Receives Information On Testing Of
Water Quality (specific test results)

Individual Sanitation
Practices

Number Of Individuals Who Wash Hands With Soap And
Water Before Nearly Every Meal

Time And Inconvenience
Of Not 24/7 Water

Most Likely Use Of Newly-Free Time If Water Was Available!
2417

Self-Reported Water
Consumption

Portion Of Water That Is Used For Domestic Purposes

Gender Issues

Total Number Of Hours Spent Working In The Home By
Women

Individual Firms

Total Water And
Sewer Costs

Monetary Costs

Total Annualized Semi-Variable And Annual Variable Cost
Of Water And Sewer

Willingness To Switch

Ratio Of Current To Future Water And Sewer Costs

Water Consumption

Water Quantity Content Per Unit Produced

Business Enablers

Expand Existing
Business

Opportunity Cost Of Coping

Enter New Business

Ratio Of Current And Future Fixed Costs Of Entering A New
Business

Water Utilities

Average Duration (hr/day) And Frequency Of Water

Supply Provision (days/wk) In Last Month
Operations Demand Water Delivered To Customers
Water Quality Water Test Failure Ratio
G SEIE Electricity Cost As Percentage Of Total Water-Related
Costs
Finance Financial Viability Collection Rate From Households

Public Health System

Efficiency Employees Per 1 000 Customers
Institutional Allocation Of Staff Among Health Hazards (e.qg., water vs.
Arrangements infant mortality)

Water Borne Disease

Number Of Disease Outbreaks Cauesed By Municipal

Governmental Incidence Water
Institutions . .
Other Budgetary Prisons Money spent on electricity to run well pumps
Instituti - n
nstitutions Military Bases Money spent on transporting water by tanker truck
GDP National GDP And GDP In Each RID City
Output Productivity Of Labor GDP Per Capita
Productivity Of Capital |GDP Per Investment Level
Real prices Real Price In Each Sector
Prices
Inflation Consumer Price Index (CPI)
Employment Level Size Of Labor Force
Poverty Wages Real Wages
Overall Economy
Expenditures Total Consumption
Household Expenditures [Distribution Of Household Expenditures (Gini index)
Inequality Gender Relative Sizes Of Male And Female Labor Force
Wealth Distribution Of Wealth (Gini index)

National Accounts

Current Account

Net Exports

Capital Account

Net Foreign Direct Investment

Public Finance

Water Utility Subsidy

S-J Road Project

Tourism

Case Study Results (e.g., number of tourists from Armenia
in Borjomi and Kobuleti)

ADA

Agricultural Output

Case Study Results (e.g., increased output due to better
water supply)

Complementary
Activities

GRDF

Economic Activity At
Micro (company) Level

Case Study Results (e.g., reduced production costs due to
better water supply)

Free Industrial Zone
(FIZ)

General Economic
Activity In The FIZ

Case Study Results (e.g., water as an enabler of
investment)

General Economic

Activity In Poti

Case Study Results (e.g., indirect and induced effects from
investments at the FIZ)

Source: RID IEP Analysis.
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2.4DESCRIPTIONS OF IMPACT GROUPS WITHIN THE IMPACT HIE RARCHY

The previous Section introduced the form of howRhE IEP classifies the impacts from the
RID projects: the Impact Hierarchy. This Sectiosa#@es each of the six Impact Groups,
Impact Categories and Impact Sub-Categories in wh@egreater detail. The next six
Chapters deal in detail with the Impact Groups deavitne Data Element level.

2.4.1Individual Households

Impact on individual households includes all diregpacts on households as single units
(e.g, spending on water and sewer services), on indalichembers of householdsd,
health effects), on groups of similar household$ @mall households generally. Direct
impacts are where it is generally easy to drawecticonnection between a particular RID
project output€.g, connection to the new water system) and an owderg, less money
spent using a private water well).

There are two Impact Categories. Total Water Ande8eCosts includes all money and time
costs incurred by individual households relatedi&ber and sewer services such as fees to the
water company, electricity spent to pump water famalternative water source and time
spent managing water services. An engineering agprs used to calculate these costs and
times. This is augmented by a willingness to switoithe new water and sewer systems)
analysis. Quality Of Life includes non-economiceets of the RID projects such as health

and water quality. The Design does not monetize spent by households on coping with

less than 24/7 water, although this is of coursssitde if needed later.

2.4.2Individual Firms

Impact on individual firms includes all direct imgia on firms as single units, on groups of
similar firms and on all firms generally. Directacts are where it is generally easy to draw
a direct connection between a particular RID pitopetput €.g, connection to the new water
system) and an outcome.g, less money spent using spring water transporgedrik truck).

There are two Impact Categories. Total Water Ange8e&Costs includes all money and time
costs incurred by firms related to water and seseevices. This includes fees to the water
utility, money and time spent on alternative wa®urces and measures of whether firms will
be motivated to switch from alternative water sesrto the new water system. Business
Enablers considers how the new water systems tivilLgate investment in current or new
businesses. The Design does monetize time spditris/on coping with less than 24/7
water since the firms pay wages to employees fertitme.

2.4.3Water Utilities

There are five separate water utilities in the RIB cities, plus additional water utilities in
the control cities. The RID projects will have umégimpacts on each utility when compared
to other types of businesses. Consequently, wétiies are included as a separate Impact
Group.

There are two Impact Categories. Operations inciogacts related to supply and demand
for water and water quality. Finance includes intpan the financial standing of the utilities.
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2.4.4Governmental Institutions

The Governmental institutions Impact Group incluthespublic health system (as affected by
water issues) and governmental institutions a®lasgrs of water (primarily for domestic
water purposes in prisons and military baseshéncontext of the RID IEP, the public health
system deals with preventative aspects of healthaatin population-level rather than
individual-level health issues.

2.4.50verall Economy

Impact on the overall economy includes direct,nect and induced effects. The first of these
three impacts (direct) is included within individiimuseholds and firms and governmental
institutions as noted before. As individual houddb@nd firms adjust to their connection to
the new water systems the direct impacts on thogsdholds and firms begin to ripple
through the economy in indirect ways. For examq@duced spending on water coping costs
causes households to change their consumptiompate., they buy things other than
electricity for water pumping) and these changesearowth in the sectors that they (newly)
buy from. These are indirect impacts. As thoseraadibenefit recipients, in turn, spend their
increased income there are further chain-reactionwtiplier effects. These are induced
effects. The Overall Economy Impact Group meastivese direct, indirect and induced
(multiplier) impacts. By subtraction (of direct it from the individual household and
individual firm groups) it will be possible to isdk the indirect and induced impacts.

There are five Impact Categories. Output measurasges in GDP and productivity at the
RID-city level. Prices concerns changes in realgwiin the RID cities; for example, an
increase in activity in the tourism sector couldegrices for land. Poverty concemeerall
levelsof employment, wages and household expendituneguility, on the other hand,
measures changes in tthistribution of household expenditures, gender effects andtkveal
Finally, National Accounts concerns impacts ondtamdard national accounts.

2.4.6Complementary Activities

There are three other MCG-related projects that imftyence RID impact, and vice versa:
the S-J Road Project, the Agriculture Developmerthdty (ADA) and the Georgian
Regional Development Fund (GRDF). The Complemeritapact Group includes those
impacts where the result of both the RID projecis the other project involving a particular
beneficiary might multiply the overall impact. Ither words, the whole impact is greater
than the sum of the individual impacts. These ¢$fegll be captured by the RID IEP through
case studies.

This Impact Group also includes the Poti Free IhthlZone.

2.5ANALYTICAL METHODS USED IN THE IMPACT EVALUTION DES IGN

The RID IEP will use a variety of analytical metlsad measure impact. The different
methods were selected by the RID IEP and integiiatech single Design because of the
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breadth of impact areas on the one hand and thegtisituation of the RID IEP and the RID
projects’ Both of these considerations required the useulfipfe analytic methods.

The specific analytical methods are discussedignSbction at a general level. First the
methods themselves are described. Then the apphaaitthe methods to the impact areas is
discussed; each impact area is addressed by anererof the analytical methods. Finally,
the application of each analytical method for eating RID project impacit this moment
andc. 2011 anct. 2015 is described.

2.5.1Baseline And Ex-Post Survey Analysis

Some types of impact can be measured only by takingsnapshots separated by time and
comparing the results, with suitable controls. Tihibecause even given perfect information
about the baseline situation it is very difficdtgroperly hypothesize likely impact without a
follow-up survey. For example, people’s opinion atiihe taste of municipal water will be
collected and results reported on a five-point xadlge might be able to hypothesize that the
taste evaluation will improve as the new wateresyst come online. But the RID IEP will not
be able to prognosticate the amount of the imprargnThis must wait for the ex-post study
to be completed.

By definition, impacts measured by this analyticethod will use data only from the RID
IEP surveys.

Approximately 25 percent of all Metrics are basadhds analytical method. The greatest use
of this analytical method is in the individual hetisld Quality Of Life Impact Category.

Baseline and ex-post surveys are discussed in detad in Chapters 5 and 6 as they apply to
individual households and individual firms. Chapt@rsummarizes the surveys that are
included in the RID IEP.

2.5.2Treatment And Control Analysis

Treatment and control methods will be used to Helgument the counterfactuals. This design
and analytic method will be used with the basedind ex-post survey analysis just described
and the micro-model analysis described next.

The main purpose of treatment and control is toalestrate causality for key elements of
measurement. The key elements which can show ayuesa:

B Concomitant variation (correlation)
B Appropriate time order of occurrence
B Elimination of other possible causal factors.

The basic Impact Evaluation Design (one-group gtatesttest design, without treatment and
control) addresses the first two elements. Thel thiement, eliminating other possible
factors, requires a treatment and control method.

! Specifically, the RID IEP will be complete befarany impacts have had sufficient time to develofheRID
cities.
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The RID IEP considered creating controls for eatih &tty. To the end this was not possible
because of the unique features of each of the Ri€&cRather, the RID IEP has created two
strata: industrial cities (Poti and Kutaisi) anda cities (Kobuleti, Borjomi and Bakuriani).
The RID IEP has also selected nine other citi€Sanrgia that also fit into these same two
strata (four as industrial cities and five as resities). The RID IEP will sample within each
strata to permit reaching final conclusions on iotpssing a differences of differences
method at the individual household and individuahflevel.

Treatment and control issues are discussed moreutjoly in Chapter 11.

2.5.3Micro-Model Analysis

RID IEP prepared a number of Excel-based micro-nsathat reflect the behavior and costs
of water and sewer services for particular econgtagers. Comparison of behavior and
costs without and with a new water and sewer systagasures impact. For example, for
individual households there is a model that usgimeering-oriented inputs such as the
number of well pumps, hours of operation and efficy to estimate the money spent by the
household on coping with irregular water supplye iinoney spent on coping will largely be
avoided once new water systems begin operation.

The two parts of the “micro-model” term are sigeeiint. The models araicro-focused, at the
level of the individual household or firm. Duringaysis results for the individual household
or firm will be aggregated for reporting purposemally, they aranodelsthat simplify
(complex) coping methods and costs. It is one ttongsk an individual household “how
much do you spend to cope with irregular water Brigpkely with significant errors) and
quite another to ask detailed questions on theg#hihat create the coping cost in the first
place such as the number of well pumps and theirshaf operation (likely with many fewer
errors).

Most of the data for the micro-model analysis wdime from the RID IEP surveys.

The micro-model analysis is described in greatéaibi@ Chapter 3 generally and in Chapters
5 to 8 as applied to individual households, indinadfirms, water utilities and Governmental
institutions respectively.

2.5.4Social Accounting Matrixes (SAMs) And Computable Greral Equilibrium (CGE)
Analysis

The micro-model analysis method relies on engingeoriented inputs at the level of the
individual household or firm to determine directpact. SAMs and CGE analysis, on the
other hand, takes individual household and firmradaggregates it to the macro-level and
then directly produces macro-economic resudig,(change in GDP attributable to the RID
projects). The macro-impact includes direct imgastfrom the micro-model analysis) plus
indirect and induced impacts. The SAMs and CGEyasmamethod is more fully described in
Chapters 4 and 9 and Appendixes C, D and J.

At the national level, data for the SAMs and CGRlgsis will come from existing DS
sources. At the RID city level, data will come frahe RID IEP surveys.
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2.5.5Micro-Simulation Analysis

Micro-simulation analysis takes macro-level res(dtg, change in average individual
household income level) and disaggregates it testimated distribution of household
income (.e., percent of households at each income level).

Data for the RID IEP micro-simulation analysis vatime from the (macro-level) CGE results
noted above and household data from the RID IEfgsr Micro-simulations are discussed
in Chapter 9 and Appendix K.

2.5.6Case Study Analysis

In some cases the broad application of the fivdyéinal methods described above is not
suitable. This typically occurs when there are anfew affected firmse(.g, the fish

company in Poti that has received funding from GRORhe impact of the new water and
sewer systems is somewhat tenuous (e.g., the cethbifect on tourism from Armenia of the
new water system in Borjomi and the renovated &d). The RID IEP will use case study
analysis in these situations.

Data for the case studies will be in-depth intemgeluring RID IEP with affected firms and
institutions. Case study analysis is describedhap@er 8 for the Public Health System and
Chapter 10 for the Complementary Activities Imp@coup.

2.5.7 Application Of Analytical Methods To Impact Areas

Each impact area will be analyzed using one or robtke analytical methods as shown in
the following chart.
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6. Analytical Methods Used For Each Impact Sub-Categor
ANALYTICAL METHOD USED
IMPACT SUB- BASLINE AND EX- | TREATMENT AND MICRO-SIMU-
IMPACT GROUP | IMPACT CATEGORY CATEGORY POST SURVEY CONTROL MICRO-MODELS [ SAMs AND CGE LATION CASE STUDIES
Monetary Costs \/ \/

Individual
Households

Total Water And
Sewer Cost

Willingness To Switch

\/

\/

Coping Time

Water Consumption

\/ (water audit)

Quality Of Life

Health Incidents

\/

Perceptions Of Safety

Perceptions Of
Organoleptic Properties

Public Sanitation
Information

Individual Sanitation
Practices

Time And Inconvenience
Of Not 24/7 Water

Self-Reported Water
Consumption

Gender Issues

< |2 |||

Individual Firms

Total Water And
Sewer Costs

Monetary Costs

Willingness To Switch

Water Consumption

P [ P B - P P P P P P P P .

Business Enablers

Expand Existing
Business

Enter New Business

Water Utilities

Operations

Supply

Demand

Water Quality

Finance

Cost Structure

Financial Viability

Efficiency

P P P P . .

P Py P B N P P P P P

Governmental
Institutions

Public Health System

Institutional
Arrangements

Water Borne Disease
Incidence

Other Budgetary
Institutions

Prisons

2

Military Bases

Overall Economy

Output

GDP

Productivity Of Labor

Productivity Of Capital

Prices

Real prices

Inflation

Poverty

Employment Level

Wages

Expenditures

Inequality

Household Expenditures

Gender

<

Wealth

National Accounts

Current Account

Capital Account

Public Finance

P P PN R e P P P P P P P R P .

Complementary
Activities

S-J Road Project

Tourism

ADA

Agricultural Output

GRDF

Economic Activity At
|Micro (company) Level

Free Industrial Zone
(F1Z)

General Economic
Activity In The FIZ

General Economic
Activity In Poti

2 |2 | <2<

Source: RID IEP Analysis.
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2.5.8 Application Of Analytical Methods To Estimating Imp act At This Moment

As noted at the beginning of this Section, the FEP will be complete before many of the
impacts of the RID projects have had time to falévelop. With this in mind, the RID IEP
selected methods that would give estimates of itngiaihis moment and also in an ex-post
study in late 2010 or early 2011. The following itrelnows how each analytical method will,

or will not, produce estimates of impact at thisment,c. 2011 anct. 2015.

7. Degree To Which Each Analytical Method Will Estimat Or Measure Impact At Different Times
DOCUMENT EX-POST | DOCUMENT EX-POST
ESTIMATE LONG- SITUATION AND SITUATION AND
ANALYTICAL DOCUMENT BASELINE [TERM IMPACT AT THIS| ESTIMATE IMPACT c. | ESTIMATE IMPACT c.
METHOD SITUATION MOMENT 2011 2015
B Al (25 Limited; Short Time For
Post Survey Yes No Yes
. Impact To Develop
Analysis
Treatment And Limited; Short Time For
Yes No Yes
Control Impact To Develop
Copina-Micro- Yes, Refine Earlier Yes, Refine Earlier
ping . Yes Yes At The Micro-Level |Estimate At The Micro- |[Estimate At The Micro-
Model Analysis
Level Level
Yes, Refine Earlier Yes, Refine Earlier
SIS EIEIS Yes Yes At The Macro-Level |Estimate At The Macro- |Estimate At The Macro-

Analysis

Level

Level

Micro-Simulation
Analysis

Not Applicable

Yes For Distribution
Effects

Yes, Refine Earlier
Estimate Of Distribution
Effects

Yes, Refine Earlier
Estimate Of Distribution
Effects

Case Study
Analysis

Yes

General Impact Only

Preliminarily Confirm
Earlier Conclusions
About General Impact

Confirm Earlier
Conclusions About
General Impact

Source: RID IEP Analysis.

The RID IEP will be able to examine the ex-posiaiion in late 2010 or early 2011, before
the Millennium Challenge Georgia Compact ends. €quently, the RID IEP will be able to
apply the analytical methods to estimate and measysact as shown in the second to the
last column in the chart.

2.6 FROM IMPACT SUB-CATEGORIES TO METRICS TO DATAELEME NTS

The previous Sections described how the Design mfseen the Key Research Questions to
the Impact Hierarchy and then addresses the ingvaas with a range of analytical methods.
This Section briefly describes how the Design mdvas the impact areas to Metrics
(measurements) to needed Data Elements (data).

2.6.1From Impact Sub-Categories To Metrics

The Impact Sub-Categories were examined one byaodéhe best way to create the range of
related Metrics was chosen. The specifics of eanqact area are discussed in subsequent
Chapters. In this Section we merely describe thieslbetween Impact Sub-Category to
Metrics to Data Elements.

As shown schematically in the following chart, wemined each impact area and chose
suitable Metrics along with their calculation medh&or impact areas based primarily on
baseline and ex-post survey analysis we reviewea#t by others in these areas (best
practices) to select suitable Metrics and theicuation method. For impact areas that rely
primarily on micro-models we relied on the struetof the model itselfie., what are the
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calculated values in the model and are they M&)ftBor SAMs and CGE analysis we used
standard outputs of such modedsy, GDP). For micro-simulation analysis we also eklom
usual outputs of such modetsd, Gini Index). For case study analysis we do netdp any
particular Metric as the analysis method primam@gults in a description of the situation
rather than explicit Metrics.

For each Metric there is a source or calculati@t finoduces the Metric value.

To the end, there is usually a one-to-many mappetgeen Impact Sub-Category (one) and
Metrics (many).

8. Schematic Of How Impact Area And Analytic Method Influenced Selection Of Metrics

One-To-Many Mapping

Select Metrics By Analytic Method:
¢ Best Practices For Survey-Based
¢ Outputs From Micro-Models

¢ Standard Outputs Of SAMs And

CGE Models
¢ Standard Outputs From Micro-
Simulations
METRIC LIST
NAME | DESCRIPTION | SOURCE OR CALCULATION

INDIVIDUAL HOUSEHOLD - COPING COSTS - MONEY

INDIVIDUAL HOUSEHOLD - COPING COSTS - TIME

Source: RID IEP Analysis.

2.6.2From Metrics To Data Elements

Each Metric is calculated from one or more Datariglet {.e., a bit of data). Each Metric has
a known formula for converting the Data Elemeni{) the Metric value. A particular Data
Element may be related to one or several Metries; i, there is a many-to-many mapping
between Metrics and Data Elements This is showarsatically in the following chart.

In certain cases a Metric is also a Data Elemetitvase-versa. For example, hours spent by a
firm each week operating an alternative water so(@g, private well). This value is
simultaneously a Metric (for individual firms — ¢es- time and productivity) and a Data
Element (for this same Metric and others where agywalue is assigned to the time). In
such cases the item is included in both the Mé&istand the Data Element List.

8 The design of the micro-models themselves canma &wrploratory interviews we did with individual
households, individual firms and water utilities.
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9. Schematic Of How Metrics Determined The Selection {fData Elements
METRIC LIST

NAME | DESCRIPTION | SOURCE OR CALCULATION
INDIVIDUAL HOUSEHOLD - COPING COSTS - MONEY

Many-To-Many
Mapping

INDIVIDUAL HOUSEHOLD - COPING COSTS - TIME

DATA ELEMENT LIST

NAME | DESCRIPTION ] SOURCE TYPE
CATEGORY A

CATEGORY B

Source: RID IEP Analysis.

2.7 AGGREGATION

Surveys for obtaining data elements for each ofeancodels are conducted at the individual
household or firm level. After data collection thggregation process will be followed to
generalize results for each RID IEP city and foRdD IEP cities together.

One of the main determinants of valid generalizatibsample data for a population is a
proper sampling methodology and data-weighting gdaces. Sampling methodology also
defines the tools of aggregation. The tool use® Y IEP is quiet straightforward and it
sums up sampling data proportionally to the pojputat

In order to aggregate results the data will be teid. In case of households, each household
will be given a weight that is opposite to the likeod of falling into the sample. In

particular, the weight WENi/n; will be given to each interviewed household igpé of

towns, where Nis a number of households in the town and the number of households
sampled in the town. Almost the same procedurebeilbpplied to aggregate firm level
results. Each enterprise will be given the sizeciis opposite to the likelihood of falling

into the sampling, particularly, the weight ¥N;/n; will be given to each enterprise of j-type
of stratum in the i-type of town, wherg ¢ the number of enterprises in the stratum amsl n
the number of enterprises sampled in this stratum.

For example, assume that proper representativelsamag constructed and inquired for the
population of one of RID IEP city. That is, it safsible to generalize the results obtained for
the sample for entire population. The sample ctmsisgroups of respondents who share
common characteristics, while others do not. Fangxe in the individual household micro-
mode, only a portion of the population has copiast ¢or constructing private water wells. If
the population of the city includes 100 househeldhk private wells and sample selects only
20 percent of this group, then results of copingt éor this group will be aggregated for the
entire city by multiplying the sample data by five.

Aggregation of data for all RID IEP cities will inlve simple weighting and summation of
aggregated data for five cities. Future reportgjq@adarly Deliverable F, will describe
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aggregation methods more thoroughly in the cordéite particular sampling methodology
being used.

2.8PROOF OF CONCEPT

The Impact Evaluation Design is novel. Elementshasen used in Georgia and other
countries but never in the combination used byRH2 IEP. Pre-post surveys are well
established but they alone cannot answer all theR&@search Questions. Almost none of the
economic methods have been used in Georgia béotesurprisingly, the novelty of the
approach does entail some risks.

The RID IEP has closely evaluated the risks ofdtgel approach. Engineering approaches to
estimating coping costs has been done before e wvariety of settings. In fact, the micro-
models used in the Design are substantially sintpkan models TBSC has used in the past in
Georgia. However, the scale of data collectiom, (the number of households and businesses
to which the micro-models will apply) is greateatthhas been done before.

A good feature of CGE analysis is that it scaleB.Waese methods have been used for the
entire world economy down to country, city and ewradividual firm levels. This means that
applying the CGE analysis to individual RID citisentirely reasonable. DS has provided
data for a SAM before, and will do so again for 88V and CGE analysis at the national
level. Micro-simulations are also well understood ghey too scale well.

Both CGE and micro-simulation analysis are weldbkshed in the economist’s toolkit.
While they are not quite off the shelf methodsytaee, nevertheless, readily applicable by
journeymen economists. Having said that, therkisté certain amount of art to their
application and the RID IEP will need the propédisaduring use.

Consequently, the RID IEP believes that the corthats are reasonable for use for the
Impact Evaluation Design. To confirm this the REPIprepared a number of greatly
simplified models that took data from micro-modeaigplied it to a simplified SAM and CGE
model and then disaggregated the results througic@-simulation. The results of these
tests are shown in Sub-Section 4.2.4 and Sub-$e2i® All the various pieces worked well
together and the RID IEP sees no reason why itnetliscale well to the RID city level.

While developing the Impact Evaluation Design thB REP reviewed hundreds of pages of
papers and reviews on impact evaluation methodedber systems and other types of
infrastructure projects. On the basis of that neviiee RID IEP selected and creatively applied
the mix of methods that best meets all the requeremof the Key Research Questions. The
RID IEP is believes that the Impact Evaluation Qess the best way to accomplish overall
RID IEP objectives.

During Design reviews a comment was made that #&db may be too ambitious in two
areas: 1) it will require too much data collectand 2) resources to analyze the resulting data
will be limited. The first concern is that we mag trading quantity of data for quality of data.
That is, by collecting data on so many differenttifiée we may fail to collect quality data on
any of them. This is a genuine risk that we havesmtered carefully. In fact, the amount of
data to be collected is not as large as it mightrsd-or example, most of the elements of the
household micro-model will not apply to most housldb because they do not use a broad
range of coping strategies. As a result, a propsrlyctured questionnaire with good skips
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will immediately significantly shorten the interws. Combined with a good incentive
program, we believe that we will achieve our obyed. To the end we will test the length
and quality of the surveys when we do pilot testing

The second concern about the amount of analysisdeshly the RID IEP is very real. We

will analyze the resulting data to the maximum ekfgossible within the analysis budget. We
will meet all the requirements of the Contractiiis moment it seems likely that there will
be substantial additional analysis that could beegbut that will not be done as it is outside
our scope of work. For example, there will be aolfioihformation on willingness to pay and
the current and future costs that could be usemhderstand alternative tariff policies. The
RID IEP is not a tariff study so much of this analgl opportunity will not be exploited as
part of the RID IEP. Rather, we will focus our gl efforts on those matters within the
scope of the Contract.
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3 MICRO-MODELS TO MEASURE IMPACT

As noted in the previous Chapter, the Impact EvalnaDesign uses six analytical methods in
six Impact Groups. The details of the analytic mdthare discussed in the following
Chapters on each of the Impact Groups.

However, micro-models are used in four of the sipact Groupsife., individual households,
individual firms, water utilities, plus parts of\yernmental institutions). Consequently, this
Chapter discusses the (same) way micro-modelssaicto measure and estimate impact in
all these Impact Groups. That is, the use of mmpmlels in practice is discussed in this
Chapter. The specific details within each micro-elate in the respective Impact Group
Chapters.

This Chapter has four Sections. First we discuss dmicro-model is used to estimate
normal (non-coping) costs and coping costs fonglsieconomic player. The second Section
describes how the micro-model is used to estinteg@mpact of the new water and sewer
system on the same single economic player. The 8ection describes how the results for
the single economic player are generalized to séinreedmpact Group. The final Section shows
how the results of the micro-model are also usatierlSAM and CGE analysis that is used to
estimate overall economy impacts.

This Chapter uses the micro-model for individuah$eholds as an example. Exactly the same
method applies to individual firms, water utilitieed some parts of Governmental
institutions.

3.1CURRENT WATER AND SEWER SERVICE COSTS FOR ONE INDIV IDUAL
HOUSEHOLD

The micro-model for individual households was depeld by meeting with a wide range of
households to understand their water and seweicsesirategies and costs. An engineering
orientation was taken, with particular attentiordga identifying those inputs that determine
costs. For example, if the household has a priwatethen costs are driven by, among other
things, the number of well pumps, their power iggirtheir load factor, their operating hours
and the price of electricity. Details of how thsngral micro-model approach is applied to
individual households, individual firms, water uids and certain governmental institutions
are given in later Chapters.

The following chart shows how the individual houskehmicro-model will be used to
estimate and measure water and sewer servicefoostsingle household. During RID IEP
survey work, data will be collected on each ofdbst drivers specified in the micro-model
(e.g, coping strategy used, number and power ratingsiofps). This data is input into the
micro-model and a number of Metric values are oufplie chart shows Total Water Cost as
one Metric; this comprises 25 of coping costs (psiympaintenance) plus 5 for actual
purchases of municipal water now. In fact, theeeraany Metrics that are output by the
micro-model.
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10. Schematic Of How The Micro-Model Estimates CurrentWater And Sewer
Service Costs For A Single Household

Current Situation
Poor Water Supply

e Actual
Survey

Answers
O

Actual
Coping Cost: 25
Municipal Water Cost: 5
Total Water Cost: 30

Source: RID IEP Analysis.

The micro-model is comprehensive so the outputlvélh good estimate of actual coping
costs’ The micro-model outputs a broad range of Metritated to water and sewer service
costs in terms of money and time.

3.2WATER AND SEWER SERVICE COSTS FOR ONE INDIVIDUAL HO USEHOLD
WITH NEW WATER AND SEWER SYSTEMS

The situation with a good water supply is then higpsized as shown on the following chart.
If the household switches to the municipal watgy exclusively, then many of the cost
drivers clearly drop to zer@ (g, the time well pumps run) and most coping codtdda

zero At the same time costs for municipal water risesimore water is coming from that

% We will also ask individual households how mucéytivelieve they spend on coping. The RID IEP bekev
that the engineering approach reflected in the anicodels will provide a far superior estimate aiuat coping
costs.

10 The micro-model assesses the economic benefiediousehold switching to the municipal water syste
exclusively. Switching behavior is driven by théigaf current water cost (including coping costayl future
(municipal) water costs.
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source than in the past. We will ask householdsitahow much water they believe they
consume; except for Poti, no meters are instatidtbuseholds in the RID cities. These
estimates are likely to be unreliable so there bella separate water audit done to better
estimate actual water consumption.

This (hypothesized) good water situation is rettdan hypothesized survey answers that are
input into the micro-model to create new Metricues.

By comparing the outputs from the micro-model fug turrent situation (with a poor water
supply) and the hypothesized situation (with a geatker supply) the RID IEP will be able to
estimate the impact of the RID project on eachvidldial household at this time. These
estimates will be validated if follow-up surveyg @onec. 2011 anct. 2015.

11. Schematic Of How The Micro-Model Estimates Impact Br A Single Household

Current Situation Hypothesized Situation
Poor Water Supply Good Water Supply
[ Actual o Hypothesized
Survey )
ANSWers Survey Answers

Tl

Actual Hypothesized
Coping Cost: 25 Coping Cost: 0
Municipal Water Cost: 5 Municipal Water Cost: 25
Total Water Cost: 30 Total Water Cost: 25

Note: Includes only variable coping costs. Hypoithes answers are straightforward to imagine: hthes
distributional pump runs each day falls to zero miiere is a good water supply.
Source: RID IEP Analysis.

3.3WATER AND SEWER SERVICE COSTS FOR INDIVIDUAL HOUSEH OLDS AS
A GROUP WITHOUT AND WITH A NEW WATER AND SEWER SYST EMS

Applying the micro-model to all individual housetsicreates a distribution of water and
sewer service costs for individual households goap as shown in the following chart.
Hypothesizing the situation with a good water sypmpeates a second distribution of water
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and sewer service costs for the same group. Congptirose two distributions shows the
impact of the RID project on individual househoédsa group.

12. Schematic Of How To Estimate Impact For IndividualHouseholds As A Group

Current Situation Hypothesized Situation
Poor Water Supply Good Water Supply

Actual
Survey
Answers O 4

c / - W Hypothesized
Survey Answers

HLEE

FHELEH

j

Impact Is Difference

Number Of Households ‘

Individual Household Total Water And Sewer Service
Cost

Note: Includes only variable coping costs. Hypoited answers are straightforward to imagine: hthes
distributional pump runs each day falls to zero miieere is a good water supply.
Source: RID IEP Analysis.

In the example here, the new water system redheeavierage cost of water for individual
households as a group as well as narrowing thedigm of costs about the mean.

3.4MICRO-MODELS AS INPUT TO ECONOMIC MODELING

The micro-models are important for estimating wateil sewer service costs for individual
households! The models are used for two other purposes as As8hown in the following
chart, (1) the models form the basis for assegsipgct on individual households. They also
(2) help in the SAM and CGE analysis to undersidrahges that the new water and sewer
systems might require in the production and congiompunctions of the CGE models. This
will help the CGE models determine economy-wideastp. Finally, they (3) indirectly form
the basis for micro-simulations that will be dorsgng economy-wide results to assess
distributional issues related to direct, indiretl anduced impacts on householdgy(
differential effects of the RID on poor households)

11 As well as individual firms, water utilities andree parts of Governmental institutions.
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13. Triple Role Of Micro-Models
What Happens Impact On
To Individual »  Micro-Models » Individual HHs
HHs Or Firms And Firms

S

mpact © 0

A 4

What Happens _
To Entire ¥ CGE Model > ECOf:Omm{a'-c\:V'de
Economy p

Source: RID IEP Analysis.

To be clear, the micro-models are data collectimh @imulation models. They structure the
data to be collected to understand costs faceddiyidual households and firms. They show
the economic features that are considered whenngaldcisions about switching to the new
water system. They are not regression models inghal sense.

Taken together, the micro-models form an integratad of the Impact Evaluation Design.
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4 CGE MODELS TO MEASURE IMPACT

Early on it became clear that survey-based methtmie would not be sufficient to
determine the impact of the RID projects. Thereengmveral considerations:

B Evaluation of impact with only survey-based methaatgiires both ex-ante and ex-post
data

B Impact takes a rather significant amount of timddwelop after new water systems begin
operation €.g, time to switch to the new water system, timerfew businesses to open)

B For the RID IEP there probably is not the luxurydofng an ex-post survey significantly
after the new water systems begin operafion

B Regardless of timing issues, survey-based methHods aannot determine indirect and
induced impactse(g, cascaded spending, overall GDP growth).

With this in mind, the RID IEP chose to use both/ey-based and economic methods to
estimate impact. The two approaches are complemyemgause the economic methods can
estimate impact in areas where survey-based metabhafort €.g, total GDP growth) and
survey-based methods can estimate impact wher@egomethods fall shore(g, health
effects).

This Chapter describes the economic methods chHmstre RID IEPi(e., SAM and CGE
analysis) in both applied and theoretical cont&X®Ehe first Section briefly discusses the
range of economic methods that were considereapidins the reason why CGE analysis,
in particular, was selected. The second Sectioaritbes and illustrates CGE analysis in a
manner suitable for non-economists. Appendix C miless the theoretical underpinnings of
CGE analysis and the range of areas in which CGilysis is applied. Appendix D shows the
results of a simplified CGE model tested by the REP. Appendix J has a full discussion of
the key design issues faced by the RID IEP a®dted the Impact Evaluation Design.

4.1 ECONOMIC METHODS CONSIDERED

Two economic methods were considered by the RIDtéE&3sess overall economy impacts:
Partial Equilibrium analysis and Computable GenErglilibrium (CGE) analysis. Each
method is briefly reviewed in the following Sub-8ens.

4.1.1Partial Equilibrium Analysis

Partial Equilibrium analysis looks at the effect®ne changed.g, a policy, a project, new
consumer preferences) on one or two sectors iedbeomy. It does not have breadth in
investigating impacts on a wide array of sectoes frices in other sectors are given). If an

12 Any ex-post study done as part of the RID IEP wpukcessarily, be done very soon after severthleoRID
projects are complete. However, the Impact Evaduailesign can be applied in several years to obtgiood
ex-post data set.

13 This Chapter focuses on CGE models generallyté l@hapter discusses the specifics of the CGE sode
being used by the RID IEP.
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impact is hypothesized to be primarily confinest@ or two sectors, then Partial equilibrium
analysis is well poised to investigate those e§fEtt

After visits in the RID cities it became apparemthie RID IEP that impacts from the RID
projects are not restricted to only one or two @ectRather, the effects are very broad and
vary greatly from city to city. Consequently, weosk not to use PE analysis for the RID IEP

4.1.2Social Accounting Matrix (SAM) And Computable Generl Equilibrium (CGE)
Analysis

SAM And CGE analysis (or simply CGE analysis) faesien equilibrium in an entire
economy ie., among many sectors rather than just between otveocsectors). It is founded
on three assumptions about behavior and markets:

B Consumers act to maximize their utility (their caletevel of well-being); they are price-
takers

B Firms act to minimize their costs for any givendkeef production

B Markets for goods and productive factors must dlieay output levels adjust so that
demand equals supply for all factors).

Within CGE analysis, these assumptions can be &djus needed to better reflect economic
reality.

CGE analysis is suitable when a change will havectliindirect and induced impacts in
many sector$® Water and sewer systems have very large rippéetsfin many sectors (no
pun intended). These ripples are complex chaimsieate and local government responses to
the new water and sewer systems.

CGE analysis lets one identify both positive angatwe effects of such changes. It lets one
examine the extent to which observed outcomes eatthbuted to a particular project. CGE
analysis determines the cause and effect relatijpsgihat govern these outcomes. The
specific connection between cause and effect samestcan be a bit of a black box so it is
important to properly interpret CGE analysis result

CGE analysis is wide angle, data intensive and ¢exrip execution; it requires advanced
skills and an economists’ dedication to explairneffgcts. Nevertheless, it is relatively easy to
understand in concept, as described in the nexiddgBasics Of CGE Analysis).

The RID IEP will use CGE analysis to assess theadiveconomy impact of the RID projects
and will answer many of the high-level key reseajobstions€.g, impact of the RID
projects on GDP). This will be possible even thotlghRID projects will not be finished
before the end of the MCG Compact; CGE analysisnsdeling solution to RID project
completion timing problems.

14 partial Equilibrium analysis is based agteris paribugall else being equal).

15 A direct effect is when an individual householdloonger must spend money on a private water sugyly.
indirect effect is when that household buys mora nbn-water product in the market. That indirefsat
ripples through the entire supply chain to creatkiced effects.
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To the end, we selected CGE analysis for RID IE¢abse it will allow us to understand
direct, indirect and induced impacts; attribute atito RID projects (or otherwise);
determine how impact and attribution vary by défrtime horizons and answer the Key
Research Questions more simply, particularly wheikes benefits and when.

4.2BASICS OF CGE ANALYSIS

This Section describes CGE analysis in a greatiypkiied form. The theoretical
underpinning of CGE analysis is discussed in Appe@d

This Section has four Sub-Sections. First, the esibehind CGE analysis are reviewed.
Then, the general structure and elements of a CGdehare shown with a number of charts.
The use of CGE analysis to estimate the directrantiand induced impacts of a shock is
then described. The Section ends with a discusdiarsimplified CGE model of a new water
system and the results of that analysis.

4.2.1Premises Behind CGE Analysis

In any general-equilibrium model there are threenants that need to fit together
simultaneously: consumers, firms and market clgarin

Consumers need to maximize utility, both within gfegiod and between periods (if the CGE
model is dynamic). Consumers usually behave as-paiers.

Firms need to minimize costs for any given levepafduction. Under free entry, the final
output level is determined by means of a zero-powiindition, which establishes the
equilibrium number of firms in the market (at evstydied location). In competitive CGE
models, firms also take prices as given, thouglreumdperfect competition prices can be
manipulated. Generally, the free-entry assumpsarharacteristic of the long run in static
models, whereas in the short run the number ofatipgr firms is given.

Both markets for goods and markets for productagdrs need to cleair€., output levels
adjust so that supply equals demand). The demarfddtors needs to be equal to their
endowments. These factor endowments (of labor apidat) are usually exogenous, though
in dynamic models it is possible to incorporateydapon growth and capital accumulation.

Therefore, in a simple model with two goods and taaiors of production, there will be six
basic equations:

B Two describing the product-market equilibrium
B Two describing the factor-market equilibrium
B Two describing the zero-profit conditions.

In CGE analysis the six equations are used to dolvihe same number of endogenous
variables:

B Output levels (for both goods)

B Factor prices
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B Good prices.

By using Walras’ law, it is always possible to dae of the equations, since we are only
interested in relative prices for the final goods.(one of the goods can be taken as the
numeraire).

4.2.2General Structure Of A CGE Model

During CGE analysis a model of a Studied Econontyeated, calibrated and an equilibrium
point is determined as shown schematically in dtleiving chart. The six elements of the
CGE analysis are described in the following panalgsa

14. General Structure Of CGE Analysis

Rest Of World

(Exogenous Variables) Solve To Equilibrium

Studied Economy
(Endogenous Variables)

Calibration

Source: RID IEP Analysis.

Rest Of The World (1).In CGE analysis, the world economy is divided lestwthe Rest of
the World (ROW) and the Studied Economy (2). TheMRi@cludes economic variables that
are outside the control of the Studied Econongy, €conomic variables that are exogenous
such as worldwide interest rates or the price trfopeum).

Exogenous variables from the ROW for Georgia (fer RID IEP) include things such as: the
geo-political situation vis-a-vis the Silk Roadtemational demand for tourism services,
forecasts of international GDP and CPI changessiBlesexogenous variables for individual
RID cities (where the rest of Georgia is the ROWgjude: national infrastructure-investment
levels, public deficit, external deficit of the Gg@n economy and political instability.

Studied Economy (2).The Studied Economy can be a country, a regiomdiwidual city or
an individual company. For the RID IEP the Studimdnomies are the five RID cities plus
the national Georgian economy to a small extent.

CGE Model (3). The CGE model contains relationships (equationms)reg economic
variables €.g, producers, consumers, factors of production)sé&h@oduction and
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consumption functions have a great number of paesthat determine the relationships
among the economic variables.

The following chart shows some of these relatigpsisichematically. Although the equations
look complicated, they are in fact quite straightfard and very well understood and
analyzed by economists.

Schematic Of Internal Relationships Among Economi®/ariables In A CGE model
Consumers: Cobb-Douglas
10

max L-'(c..D_4Hc7):(r] C?)DAHO  ¥j=1..10
=1

st. YDISP = (1-ID ) wL + 1K +ipcISP +TRM )

Exogenous Investment And Endogenous Saving
10

Z DI, pinv = DAHOpinv + DP + DPRM
=1

Publ_is: Sector: Exogenous Public Deficit
RIP=IBY a, p XD +(Wl +rk WA  vj=1.10
RD = ID (WL + 7K +ipcTSP +TRM )
DP=RD+) RIP,~TSPipe- Y DG,p, ¥j=1..10
j=1 jul

Foreign Sector: Exogenous Commercial Deficit

10 10
DPRM= prmy_ IMPO, -TRM - prm_ E, ¥j=1..10
f=1

Source: RID IEP Analysis.

Social Accounting Matrix (SAM) (4). The values of the many parameters in the CGE model
are estimated using known data about the Studieddfuoy. This known data is shown in a
Social Accounting Matrix (SAM). SAMs are in commause in the world to evaluate impact

of policy changes. Although there is at least oA&Sor Georgia, it is dated so a new one

will be created for the RID IEP.

The following chart shows the form of a SAM. Essayt, the SAM shows the flow of

money in the Studied EconorfiThe column headers are all the sources of monthein
Studied Economy. The row headers have the samesnasrtbe column headers. The row
headers are all the uses of money in the Studieddfoy. Each cell reflects the amount of
money flowingfrom the sector in the column headeithe sector in the row header. The white
arrow in the chart shows one such flénem sector Bto sector C.

The total money flowindrom a sector (the sum of a column) must equal thé nodaey

flowing to the sector (the sum of the row with the same naRkw)example, the sum of
column 7 must equal the sum of row 7 (both Consgn&ince SAMs nearly always use data
from a variety of sources, the CGE modeler mustausember of analytical methods to
ensure that the sum of a column equals the sutreailated row. This process is called
balancing the SAM.

18 social Accounting Matrices And Extended Input-Quitpables, by Carsten Stahmer, 2002, describes the
linkages between SAMs and Input-Output Tables enEbropean System of National Accounts. In paiGul
SAMs add value added and ultimate use featurespiatiOutput tables.
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16. General Form Of A Social Accounting Matrix (SAM)
PRODUCTIVE SECTORS (money from) OTHER SOURCES (money from
SAVINGS RESTOF |SECTOR AND
AND WORLD OTHER
A B C D LABOR CAPITAL _ ICONSUMERS | INVESTMENT GOVT. SECTOR SOURCES
1 2 3 4 5) 6 7 8 © 10 SUMS
=Y (columns 1
g ? : to 10)
o
O =
% 3B 2 tOzl(g?Iumns 1
>
$¢ INTERMEDIATES FINAL OUTPUT
5 2lc 3 $ =3 (columns 1
2 t0 10)
S
& D 4 =Y (columns 1
to 10)
LABOR 5 ;El(f)?'“mns 1
2 leapimac 6 el 4
2 to 10)
g
o |consumers| 7 ;El(f)?'“mns a
z
4 sAviNGS VALUE ADDED CLOSURE MATRIX
= =Y (columns 1
G |AND 8 36
& [INvESTMENT] |
o
w =Y (columns 1
% GOVT. © to 10)
REST OF C
WORLD 10 ;021(8‘)"”’""5 &
SECTOR
SECTOR AND OTHER [=Y(rows 1to [=Y(rows1to [=Y(rowslto [=Y(rowslto |=}(rows1lto [=Y(rowslto [=y(rows1lto [=Y(rows1lto [=Y(rows1lto [=Y(rows1to
SOURCES SUMS 10) 10) 10) 10) 10) 10) 10) 10) 10) 10)

Source: RID IEP Analysis.

The relationship between Labor and Consumers desapecial mention. Money floi®m
productive sector® labor (e.g.from column 3to row 5). The same money then flofsm
laborto consumersife., from column 5to row 7) and theifrom consumers$o productive
sectors and other items shown in the lower lefhepof the SAM i(e., from column 7to
rows 1 to 10).

The SAM has four quadrants. The upper left quadrantains all intermediate production in
the Studied Economy. This shows the flow of monetyeen various productive sectoesg
from sector Qo sector D).

The upper right quadrant is purchase (and useahalf éutput from the productive sectors, for
example, the intersection of column 7 and row 3ashtine purchase of the output of sector C
by consumers (consumers pay money to sector Cemeilve goods or services in return).
This quadrant is final demand including consumptionestment, savings and investment
and net exportd.€., the ROW sector).

The lower left quadrant shows the value added byptbductive sectors; this is money spent
by the productive sectors on things other tharrmmégliate inputs. This includes wages
(money spent on and value added by labor), relmriavestment (money spent on and value
added by capital), taxes (money sent to the Goventnand imports (money sent to the
ROW to buy imports).

The lower right quadrant is called the Closure Matecause it incorporates some data that is
absent in the rest of the SAM. These new dataatete destination of labor and capital
income €.g, how that income is spent on consumption, investraad taxes for the
Government). It also shows how the Government teasisesources to consumers via
transfers. To the end, the Closure Matrix conngsatsces of income (productive factors) with
sources of demand. It allows obtaining inducedotffenvhereas the rest of the SAM only
yields direct and indirect effects.
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One of the assumptions of CGE analysis is that@ogris in balance g, it is at
equilibrium), which means that the supply of eacbdyand service, labor and capital is equal
to the demand. The Closure Matrix contains the thethbalances the whole economy.

For the RID IEP, several different SAMs will be dsA national SAM (in two forms) will be
created using data from DS. Five city-level SAMBdan two forms) will be created using
new primary data from the RID IEP surveys.

Calibration (5). During calibration the known values in the SAM ased to estimate the
parameters in the equations that are in the CGEem@dten there is sufficient data in the
SAM to fully estimate all the parameters. In othases some external data is needed to fully
estimate the parameters. The micro-models descnbeaklier Chapters will be used as
needed for this purpose for the RID IEP.

Equilibrium (6). After calibration, the CGE model is a model of Stedied Economy at
equilibrium. In the case of the RID IEP, the Studieconomy (be it the national economy or
the individual RID city economies) will be at edbrium without the new water and sewer

systems

A Second View Of The Social Accounting Matrix (SAM) The SAM can also be visualized
as a generalized macroeconomic model of the steictithe economy as shown in the
following chart.

17. Social Accounting Matrix (SAM) As A Generalized Macoeconomic Model Of The Economy

Money From # A:C+I +G+X

Money To

Savings
Productive And ROW
Sectors Labor Capital Consumers | Investment Govt. Sector
Productive <_7 Final Qutput ‘=\
Sectors A X 0 0 C I G _X/
s—977 e

Labor

N o |0 | o 0
Final Qutput

y 0 0 0

0

Capital

T
=3
/ p

o

|
Consumers

Savings

EN
0\

0 \ 0 0 0 PD (ROWDy
Investment

Gout. T1 / \s\ \ 0 T2 0 0
] L=

ROW

cortor W 0 N\\O; 40//9/ 0

Value Added

Jv Intermediates
— Actually Many Columns And Rows
A - W + |_I +T1+ M (many sectors)
Source: RID IEP Analysis.

4.2.3Applying A Shock To A CGE Model To Determine Its Efect

The next step in CGE analysis is to apply a shodké CGE model and trace its effect on the
entire economy. For the RID IEP the “shock” is tperation of the new water systems. The
new water system is a form of new technology. kritess, new technology will cause
production functions to change.g, the fixed cost of water may decrease, the vagiabst of
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water may increase). For households, new technaldiyghange their consumption patterns
(e.g, money previously spent on water coping costshélspent in other areas).

These effects, due to the new technology, areatefliein adjusted parameters and, sometimes,
form of the production and consumption functiondhéff the CGE model is again allowed to
reach equilibrium (with the new parameters and tional forms) the state of the economy
after the new technology is shown in a new SAMsTikishown schematically in the

following chart.

18. Determining Impact Of A Shock (e.0., a new water and sewer system)
Pre-Change Equilibriurzrg] C P%st- Change Equilibrium
I P B T o - P = T e e

uuuuuuuuuuu

B —
i . R

Make One
Change (e.g., new

water and sewer /
system)
Run The Model —/

Reach New
Equilibrium

Compare Pre- And Post-

Source: RID IEP Analysis.

Comparing the equilibrium state of the Studied Exoy before and after the application of
the change (the new water and sewer system) withéeRID IEP understand the direct,
indirect and induced impacts of the change. SiheeSIAM is a representation of the Studied
Economy, all the individual cells in the SAM candmnpared pre- and post-change to
understand the impact of the change on each indvielement. For example:

B The sum of the changes in the cells in the upgegleadrant (the productive sectors)
shows total change in GDP

B The change in the sum of the consumption colummwshotal change in consumption by
households

B The change in the sum of the Government row shotas ¢thange in taxes.

There are, of course, many other impacts (chartgasgan be read directly from the
comparison of the pre- and post-change SAMs.
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4.2 .4Simplified Example Of CGE Analysis

The RID IEP created a model of a simple economipding three productive sectotise(,
large hotels, small guesthouses and the rest @fdbeomy):’ Details of the model are shown
in Appendix D.

We created a typical SAM and estimated the modelmpeaters. The model was calibrated to
an equilibrium state without a new water systemgisiata from a small survey among hotels
in several location¥’

A single shock of a new water system was appligtiisogreatly simplified model. The
production functions were changed to reflect the rechnology and the CGE model was re-
calibrated, giving a new SAM.

Comparing the pre- and post-change SAMS estimaedum of direct, indirect and induced
changes in the economiyg(, estimate of overall impact). For example, as showthe
following two charts nominal wages fell but ovenatbrker welfare increased because prices
fell by more than the decrease in nominal wages.

19. Effect Of New Water System On Nominal Wages In Simgied CGE Model

24,215 24,211

24,19 -

24,182

24,165 -

Pre Post

Source: RID IEP Analysis.

Y This simplified CGE model is described in a disios documentCGE For Poets — With GAMS Software
May 18, 2009).

18 This survey was done to better understand the Watgds cope with water problems. These resulte wer
primarily used to create the micro- models discd$sether Chapters.
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20. Effect Of New Water System On Worker Welfare In Sinplified CGE Model

12 4

10,5

10 -

Pre Post

Source: RID IEP Analysis.

Note that these results are for a very simplifiedr®my and the results from the full CGE
models used for the RID IEP will be very differeNevertheless, the results from this
simplified model suggest the type of results ttzat be expected from the full RID IEP CGE
analysis. Details about the simplified model arevaiin Appendix D.
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DETAILED DESIGN IN EACH IMPACT GROUP
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5 INDIVIDUAL HOUSEHOLDS IMPACT GROUP

This Chapter describes the portions of the Impaeliation Design related to individual
households at the micro-levelAs described in Chapter 2, impacts on individualdeholds
are divided into two Impact Categorie®(, Total Water And Sewer Costs, Quality Of Life)
and then further divided into several Impact Sulke@aries as shown in the following ch#ft.
The final column in the chart shows one represmatdtietric for each Impact Sub-Category.

There are a number of Primary Metrics (not theespntative Metrics shown in the chart)
that drive the sample sizes for the individual sys/ The Primary Metrics are defined in
Chapter 11 as part of treatment and control.

21. Impact Hierarchy For Individual Households Impact Group
IMPACT SUB- REPRESENTATIVE METRIC FOR IMPACT SUB-
IMPACT GROUP [ IMPACT CATEGORY CATEGORY CATEGORY ("Change in ...")
Monetary Costs Total Annualized Semi-Variable Cost Of Water And Sewer

Likelihood To Switch For Water And Sewer Combined

LAUUBICST S (larger is more likely to switch)

Total Water And

Sewer Cost Coping Time Annual Time Spent On Managing Private Water System
. Annual Water Consumption By Shower And Bathtub For
Water Consumption .
Bathing
Health Incidents Number Of Incidents Of Gastrointestinal Disease In
Household In Last Month
N Perceptions Of Safety How Are The Sources Of Water'That Is Used For Potable
Individual Uses Treated Before Consumption
Households Perceptions Of Perception Of Taste Of Alternative Sources Of Water
Organoleptic Properties |(excluding bottled water)
Public Sanitation Frequency Household Receives Information On Testing Of
Quality Of Life Information Water Quality (specific test results)
Individual Sanitation Number Of Individuals Who Wash Hands With Soap And
Practices Water Before Nearly Every Meal
Time And Inconvenience [Most Likely Use Of Newly-Free Time If Water Was Available
Of Not 24/7 Water 2417
Self-Reported L Portion Of Water That Is Used For Domestic Purposes
Consumption

Total Number Of Hours Spent Working In The Home By
Women

Gender Issues

Source: RID IEP Analysis.

Also as noted in Chapter 2, three of the six armaltnethods are used to evaluate impact on
individual households as shown in the followingrthall impact areas for individual
households will be subject to treatment and comrethods.

9 overall economy impacts measured by the CGE aisadys discussed in Chapter 9.

20 Throughout this Report the term “impact area” rete one cell in this table at the Impact Grougtegory or
Sub-Category levels. Consequently, Individual Hbosds, Total Water And Sewer Costs and Health ach e
impact areas, although at different levels in thedct Hierarchy.
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. Analytical Methods Used For Individual Households inpact Group
ANALYTICAL METHOD USED
IMPACT SUB- REPRESENTATIVE METRIC FOR IMPACT SUB- | BASLINE AND EX- | TREATMENT AND MICRO-SIMU-
IMPACT GROUP | IMPACT CATEGORY CATEGORY CATEGORY (‘Changein ...") POST SURVEY | CONTROL | MICRO-MODELS | SAMs AND CGE LATION CASE STUDIES
Monetary Costs Total Annualized Semi-Variable Cost Of Water And Sewer N
rotal water Ang | Willingness To Swich  [Demand Curve For Municipal Water N N N
SEgC e Time Costs [Annual Time Spent On Managing Private Water System v v
s — é;nh;::; Weter Consumpion By Shower AT BanUD For | [ o © J
Number Of Incidents Of Gastrontestinal Disease In
pesihincdens Household In Last Month M v
How Are The Sources Of Water That Is Used For Potable
Individual Perceptions Of Safety | yses Treated Before C v v
Households of plion Of Taste OF Al Sources Of Water J J
o ic Properties bottled water)
Public Sanitation quency Receives On Testing OF N N
Quality Of Life Information Water Quality (specific test results)
individual Sanitation _[Number Of Individuals Who Wash Hands With Soap And J J
Practices \Water Before Nearly Every Meal
[Time And Inconvenience | Most Likely Use Of Newly-Free Time If Water Was Available J J
Of Not 24/7 Water 2417
ie"'RE’m’,‘Ed Water o tion Of Water That Is Used For Domestic Purposes v v v
—— Tota Number OF Rours Spent Warking In The Home B J J

Source: RID IEP Analysis.

At a summary level, the first Section of this Cleamtescribes three overall Metrics for the
individual households Impact Group. There are mdeyrics related to impact on individual
households. However, the three Metrics discussdakeiffirst Section are representative of
what will be in the executive summary of the fingbort of the RID IEP.

The second Section of this Chapter concerns theegpnand time spent by households for
water and sewer services, willingness of householdsvitch to the new water and sewer
systems and the amount of water households condunseincludes payments to the water
utility as well as coping costs related to privatgls and other alternative sources of water
and sewer services.

The individual household micro-model is used taneste both the monetary and time Impact
Sub-Categories (and related Metrics) of the RIQgmts. The micro-model also specifies the
precise Data Elements needed to calculate the dddtyir the monetary and time Impact Sub-
Categories.

The third Section turns to the quality of life Ingp&ategory including health incidents;
perceptions of safety of water and sewer systesrsgptions on taste, smell, cleanliness and
color of water; public sanitation information; indlual sanitation practices; time and
inconvenience of less than 24/7 water; self-repovater consumption and gender issues.
The Section specifies the Metrics for these Imjgadi-Categories and the Data Elements
needed to report the Metrics for quality of life fodividual households.

5.10VERALL IMPACT FOR INDIVIDUAL HOUSEHOLDS GROUP

Individual households are one of six Impact Grompshich overall impact from the RID
projects will be reported. Considering the Key Reslke Questions and what the RID IEP
knows about the impact of water and sewer systemsdividual households, the RID IEP
will report the summary Metrics (impacts) for tmelividual household Impact Group that are
shown in the following chart. Additional Metrics lbe reported in the Executive Summary
of the final RID IEP report as needed. Note thahym@ore Metrics related to the individual
households Impact Group are discussed in the rel@aof this Chapter.
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23. Summary Metrics For The Individual Households Impad Group
MEAN FOR REPORTING GROUP
SUMMARY METRIC HOUSEHOLD OTHERS AS
(Change In ...) OVERALL CITY X TYPE Y DESIRED

Total Annualized Semi-Variable And Annual Variable Cost Of
Water And Sewer

Self-Reported Incidence Of Water-Borne Disease Amon g
Young Children In Last Two Weeks

Total Annual Water Consumption

Source: RID IEP Analysis.

A variety of reporting groups will be useelq, overall, by individual city, by household type)
for the three summary Metrics. We will also repmbfidence intervals for the mean of each
reporting group as well as other measures of diginn of values among individual
households in the reporting group.

After ex-post surveys, the values reported wilblased on the Treatment and Control aspects
of the Designi(e., difference of differences) discussed in Chapter 1

Each of the summary Metrics is described furtheéhenfollowing paragraphs.

Total Annualized Semi-Variable And Variable Cost OfWater And Sewer. The first Metric
equals the total spending by households on watésawers services including municipal
water (at tariff rates) and variable coping costg ( electricity to run a private well pump).
Values come from the detailed micro-model of wat®ll sewer costs for individual
households discussed in the next Section of thegp@

The pre-post change in this summary Metric reprssiie direct monetary impact on
households of the RID projects. If the Total Exgamné falls once households have access to
the new water and sewer systems then one can expestholds to voluntarily switch from
alternative sources of water and sewer serviceuicipal water and sewer services.

Self-Reported Incidence Of Water-Borne Disease AmanYoung Children In Last Two
Weeks.The second Metric measures the self-reported enciel rate of water-borne disease.
Self-reporting is used because there are not tel@iblic records of incidents and most
households self-medicate in any case.

The pre-post change in this summary Metric reprssiie direct health impact on households
of the RID projects.

Total Annual Water Consumption. The third summary Metric shows the result of aed
water audit among a sub-set of households. Iffisuli to forecast whether water
consumption will rise or fall once the new wated @ewer systems begin operations. If
households switch to municipal water (with metéingh they will have an incentive to use
less water. On the other hand, the presence of ®até will make it easier for households to
increase water consumption, regardless of the cost.

The pre-post change in this summary Metric reprisstde impact on water consumption of
the RID projects.
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5.2TOTAL WATER AND SEWER COST IMPACT CATEGORY

Individual households have responded to unrelialaier in a variety of ways. All of these
ways of coping with unreliable water create costshbuseholds compared to a situation
where there is potable municipal water 24/7. Th@st®n describes these individual
household coping strategies and related costsgnmstef both money and time. This Section
also considers municipal water and sewer cost shrec(potential) reduction in total water
and sewer costs (however supplied) is what will/gle the economic motivation for
individual households to switch to the new watet aewer systems.

Overall water consumption by individual househdlolssed on a water audit) is also included
in this Section.

The individual household micro-model gathers togetil the various factors that affect
water and sewer costs for individual householdgebding on the coping strategy used by a
particular household, some elements of the micrdehwill not apply; these sections of the
micro-model would report zero cost in this casee Thicro-model discussed here is a
generalization of ten individual models that werepared by the RID IEP for different RID
cities and different living arrangements. The gaheation step complicated the resulting
model but did not remove any detail of the citysfie or living-arrangement-specific
models.

Given a particular coping strategy, it is moreesd straightforward to estimate total water
and sewer costs for an individual household. Castdargely determined by the coping
strategy chosen by the househady( whether to install a private water well or not),
operating costs(g, electricity costs) and the municipal water andesgtariffs. The coping
strategy is determined by several factors: avelaygth of water supply (per day, per week),
technical possibility of digging a well and so fart

The micro-model considers all the possible copingtegies used by individual households
and categorizes costs into fixed, semi-variableadhble. Time used to provide reliable
water is also included in the micro-model.

The micro-model was designed on the basis of eafdoy interviews with a broad range of
households.

This Section has nine Sub-Sections. The first des€ithe range of coping strategies used by
individual households. These are defined in sonpghd® ensure a common understanding of
their meanings.

The next three Sub-Sections discuss fixed, senidiagrand variable costs for individual
households at a summary level. The detailed cdlonks Metrics and Data Elements in the
micro-model are shown in Appendixes E, L and M. Tdilwing Sub-Section combines the
costs into annual water and sewer costs.

The next Sub-Section describes the economic wilkesg of individual households to switch
to the new water and sewer systems. It calculataB@between current and future total
water and sewer costs. The larger the ratio themouseholds will save by switching and
the higher the likelihood that they will actuallyisch.
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The following Sub-Section also looks at willingnésswitch, but now based on perceptions
of value rather than economic factors alone. Thisot based on the micro-model but rather
on a series of questions concerning affordabiligt will be asked in the households.

The next Sub-Section discusses the coping timednmlds expend because municipal water
is less than 24/7. Nearly every coping strateggienthe household spending time on water
and sewer issues, time that could be spent on etidavors if municipal water was
available 24/7.

The final Sub-Section concerns a water audit thihbe done to determine actual water
consumption among individual households.

5.2.1Coping Strateqgies

Preparatory interviews and focus groups with hookishidentified a broad range of coping
strategies used by households because they dawetnhunicipal water 24/7. Nearly every
household has a coping strategy of one type ohandh many cases households use more
than one coping strategy at the same time. Toride@ping strategies are related to
improving the municipal water supplg.@, storing municipal water for later use) or cregtin
an alternative source of watex.q, a private well), improving sewage arrangementsllor
three. Coping strategies are also sometimes usgutdblems in the municipal sewer
systems.

There are five broad Coping Need Areas with seveoging Methods within each as shown
in the following chart. Textual comments about fimtures of each Coping Need Area and
Coping Method are also specified in the chart.

Coping strategies are merely the combination oéssh\basic Coping Methods as shown in
the chart. This permits the cost of a coping strpgatand overall water and sewer costs, to be
calculated by simply adding up the estimated hooise$pending on each applicable Coping
Method.

65



RID Impact Evaluation Project

TBSC, ACT
24. Coping Methods Used By Individual Households
COPING
NEED AREA COPING METHOD FEATURES
Municipal Water Connection Municipal water connected to local water storage, directly to household or both
Neighbor's Municipal Water Connection Agreemen_t with neighbor to use his or her municipal water connection; connected to local water
storage, directly to household or both
Shared Municipal Water From A Public Tap |Water from public tap typically transported to household by bucket or plastic tank; water may be placed
(often in the building's courtyard) (poured) into local water storage upon return home
Private well constructed by household; primarily at private houses; may have an electric pump manual
Private Water Well pump or a windlass with bucket; may be connected to local water storage, directly to household or
both; may require carrying water to houshold
Water . . i i i i ;
Neighbor's Private Water Well /-\greement with neighbor to .use his or her pnvalte well; may be connected to local water storage,
Supply directly to household or both; may require carrying water to houshold
Shared Private Water Well Well that is bult and manage.d by a group of hogseholds: connection to shared or private local storage,
directly to household or both; may require carrying water to household
A natural spring some distance from household; transportation (vehicle or walking) needed to transport
Spring Or Other Distant Source water to household; if possible, spring is connected to local storage by supply pipe with headworks of
some type at spring
Bottled Water Mainly used for drinking and cooking purposes
Tanker Truck Water Water brought to household in large increments; always placed in some type of local water storage
None Reliable municipal water makes local water storage unnecessary
Outside Water Storage Tank Typically at lprlvatlel houses; can be lat ground level (with a water distribution pump at the outlet) or
elevated (with a filling pump at the inlet)
Neighbor's Outside Water Storage Tank As with Outside Water Storage Tank, except shared with a neighbor
Water Private Roof Tank At Apartment Block For a single household in an apartment block; often requires a pump to fill the tank
Sloage Shared Roof Tank At Apartment Block For many or all households in an apartment block; often requires a pump to fill the tank
Shared Ground-Level Or Underground Tank |For many or all households in an apartment block; requires some type of pressurizing pump (shared or
At Apartment Block individual)
Inside Water Storage Tank Tank for single household, typically in bathroom; filled from a variety of water sources
Buckets And Other Water Containers Hand-carried storage; filled with spring or municipal water
Water-Treatment Filter shared by several or many households
Water Filters
Point-Of-Use Filter on individual water tap in household
Gravity-Fed System Needs elevated water storage tank; often there is a tank filling pump at the inlet
Water 2 — -
Distribution |Pump-Pressurized System _Nee_ded with groundlevel or underground water storage tanks; distribution pump to pressurize water as
it exits from storage tank
System
Distribution Piping Pipes leading from water storage tank to a connection with house
Municipal Sewer System Connection Connection to municipal sewer system
QD Sewer Outfall System Long pipe to river or sea; may require pump adjacent to household or at outfall end works
S Sewage Storage Tank Steel or metal tank; distribution pumps and pipes; typically emptied by sewage tanker truck
Sewer Tank Truck Connection for sewer truck to sewage storage tank

Source: RID IEP Analysis.

The different elements of water systems are shovthe following chart and described in the
following. The terms used in the chart are usedughout the individual household (and
other) micro-models.

Water Supply. There are several water sources including prigaghared municipal water
connections, private or shared water wells, spnater, bottled water and tanker truck water.
Municipal water is mainly available with a schedwleile provision from other sources
(alternative sources), such as a water well, hasm@oral pattern. Technical means used to
obtain alternative source water include manual eclmanic well pumps, head works and

piping.

Water supply has a sense of obtaining a fixed velofmvater each day without considering
the temporal pattern of usage. Supply could be 846he hour every two days. In both cases
the source and quantity of water supplied is whanportant. The means of ensuring access
to water 24/7 is discussed next in the contextatewstorage.
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Water Storage.Water storage is used by households to ensuresatwevater 24/7. Technical
means include shared or private storage tamkgs @levated, on the roof, in-bathroom,
ground-level, underground, steel or concrete), muaged for filling storage tanks and piping
that connects the tank to water sources.

Water Filter. Filters are sometimes used to purify water. Flame either for general water
treatment (for all water used in one or more hoaktd) or point-of-use (a filter on a single
tap in the home).

Water Distribution System. The water distribution systems comprise three efgm If there
is an elevated water storage tank then the systéypically just piping to bring the water
down to ground level under gravity-fed pressurghdf storage tank is not elevated (or not
elevated enough) then there is a pressurizing wigérbution pump. Finally there is a
variety of distribution piping to delivery presszed water (either gravity fed or from a
pressurizing pump) to the household.

In apartment blocks, the riser pipe from the basertethe individual household plus the
pressurizing pump for the riser are part of thalalistribution system for the household. If
water is stored in a tank on the roof of the apartiblock, then the pipe from the roof water
storage tank to the household is part of the Idsafibution system.

Sewer.Households may have connections to the municgaéssystem, a private sewage
storage tank or a private outflow pipe ending nivar or the sea. If the household does not
have a connection to the municipal sewage systemgbwage tanker trucks are used to
periodically empty the sewage storage tank.

5.2.2Water And Sewer Fixed Cost

Fixed costs are costs incurred for building initi@ter and sewer infrastructure. Fixed costs
are incurred only once and then they are sunk cBstmples of these types of costs are fees
to connect to the municipal water system, watet weagistruction costs and pump and tank
purchase costs.

The following chart shows the fixed water and se@gsts that individual households may
incur. Not all individual households incur all arem any of these cost§Generally, any fixed
costs other than connection to the municipal warber sewer systems would be considered to
be coping costs — costs incurred by the houseledduse there is not reliable water 24/7.

The following charts are relatively small and pgdifficult to read. Larger versions are
shown in Appendix F.

21 |n the micro-model the representative househatdrmall types of costs, giving unrealistically tigtal
water and sewer costs. This is not typical; mosisbbold will face costs much less than those shiowhmese
fragments of the micro-model.
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26. Individual Household Water And Sewer Fixed Cost
VALUE
CALCULATION DATA ELEMENT / METRIC UNIT 96083690md
Fixed HH Cost Of Municipal Water Connection GEL 1200
Fixed HH Cost Of Municipal Sewer Connection GEL 1400
Total HH Non-Coping-Related Fixed Cost For Water An  d Total HH Non-Coping-Related Fixed Cost For Water An  d GEL 2600
Sewer = Fixed HH Cost Of Municipal Water Connection  + Sewen
Fixed HH Cost Of Municipal Sewer Connection Fixed HH Cost Of Water Well System GEL 5115
Total HH Coping-Related Fixed Cost For Water = (Fi  xed  |Fixed HH Cost Of Spring Or Distant Water Source System GEL 2354
HH Cost Of Water Well System + Fixed HH Cost Of Spr  ing
Or Distant Water Source System + Fixed HH Cost Of Fixed HH Cost Of Outside Water Storage Tank System GEL 860
Outside Water Storage Tank System + Fixed HH Cost O f
Water Distribution System ) * (2/2) + (FixedH H Cost Of [Fixed HH Cost Of Water Distribution System GEL 2160
Inside Water Storage System + Fixed HH Cost Of Buck  ets
And Other Movable Water Storage Containers + Fixed ~ HH |Fixed HH Cost Of Inside Water Storage System GEL 125
Cost Of Water Filter System ) Fixed HH Cost Of Buckets And Other Movable Water Storage GEL 50
. . . Containers
Total HH Coping-Related Fixed Cost For Sewer = Fixe  d HH[— -
Cost Of Sewage Storage System + Fixed HH Cost Of Fixed HH Cost Of Water Filter System GEL 150
Sewage Outfall System ) ]
Total HH Coping-Related Fixed Cost For Water GEL 108 14
Total HH Fixed Cost Of Water And Sewer = Total HH N on- i
Coping-Related Fixed Cost For Water And Sewer + Tot al |Fixed HH Cost Of Sewage Storage System GEL 2250
HH Coping-Related Fixed Cost For Water + Total HH
Coping-Related Fixed Cost For Sewer Fixed HH Cost Of Sewage Outfall System GEL 1480
Total HH Coping-Related Fixed Cost For Sewer GEL 373 0
Total HH Fixed Cost Of Water And Sewer GEL 17 144

Source: RID IEP Analysis.

Each of the fixed costs shown in the precedingtdbar Metric that is calculated from a

number of Data Elements. The following chart shawsxample of such a calculation for a
private water welf? Often these costs are shared among a number séholdls.
Consequently, the micro-model always has the Vestrows shown in the chart related to
number of households sharing the cost and theaa#idccost to a single household (noted by
the “HH” in the name of the Metric).

22 |n charts from micro-models the green cells invthkie column are numbers collected from individual
households or engineering firms (typically Dataredts to be collected) while yellow cells in théueacolumn
are numbers calculated by the micro-model (typycisletrics to be reported and analyzed further).
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27. Individual Household Fixed Cost Of Water Well
VALUE
CALCULATION DATA ELEMENT / METRIC UNIT 96083690mds
Year Of Constructing Wells 1960
Number Of Water Wells 1
Average Depth Of Water Wells m 65
Fixed Cost Of Water Wells = Number Of Water Wells *  ( . . .
. N Unit Water Well Li Pipe Cost GEL/m 5]
Average Depth Of Water Wells * ( Unit Water Well Li  ning nit Water el Lining Fipe .08
Pipe C°§t * Unit Water Well Digging And Well-Lining Unit Water Well Digging And Well-Lining Installation Cost GEL/m 35
Installation Cost ) )
. Fixed Cost Of Water Wells GEL 2600
Fixed Cost Of Water Well Pumps = Number Of Water We I
Pumps * Unit Water Well Pump Cost Number Of Water Well Pumps 3
Fixed Cost Of Water Well System = Fixed Cost Of Wat er Unit Water Well Pump Cost GEL 700
Wells + Fixed Cost Of Water Well Pumps + Water Well
Electrical Control System Cost + Testing Of Water At Fixed Cost Of Water Well Pumps GEL 2100
Startup Cost
Fixed HH Cost Of Water Well System = Fixed Cost Of Water Well Electrical Control System Cost GEL 400
Water Well System / Number of HHs Sharing Water Wel | Testing Of Water At Startup Cost GEL 15
System Today
Fixed Cost Of Water Well System GEL 5115
Number of HHs Sharing Water Well System Today 1
Fixed HH Cost Of Water Well System GEL 5115

Source: RID IEP Analysis.

Appendix E shows the detailed calculations ofygless of fixed costs for individual
households including related Metrics and Data Elgme

5.2.3Water And Sewer Semi-Variable Cost

These types of costs are typically driven by eitivae €.g, well refurbishment) or a large
volume of water obtained from a water soureg( tank refurbishment). In all cases semi-
variable costs are generally known to occur, bey thccur infrequently. For example,

replacement of pumps belongs to this cost catepeause exploitation defines its frequency

and they are replaced relatively infrequently.

For reporting purposes, semi-variable costs areained {.e., the semi-variable cost is
divided by the expected number of years betweeuriimg the cost).

The following chart shows annualized semi-variatséger and sewer costs for an individual
household. Not all individual households incuralkeven any of these costs. Generally, all
the shown semi-variable costs are coping coststs aocurred by the household because

there is not reliable water 24/7.
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28. Individual Household Semi-Variable Water And SewerCost
VALUE
CALCULATION DATA ELEMENT / METRIC UNIT 9608369mmds
Annualized HH Semi-Variable Cost Of Water Well System GEL/yr 950
.. Spring Or Distant Water Source System GEL/yr 158
Total Annualized HH Semi-Variable Cost Of Water = ( .. Outside Water Storage System GEL/yr B
Annualized HH Semi-Variable Cost Of Water Well Syst em o
+ ... Spring Or Distant Water Source System + ... Out side [ Weter (G ShEia e e
Water Storage System + ... Water Distribution Syste  m) * ( .
: ...Inside Water Storage System GEL/yr 246
2/2) + ..Inside Water Storage System + ...Bucke ts And 9e 5y Y
cher Moveable Water Storage Containers + ... Water ...Buckets And Other Moveable Water Storage Containers GEL/yr 42
Filter System + ... Water Testing
. . . ... Water Filter System GEL/yr 25
Total Annualized HH Semi-Variable Cost Of Sewer =
Annualized HH Semi-Variable Cost Of Sewage Storage ... Water Testing GEL/yr 15
System + Annualized HH Semi-Variable Cost Of Sewage
Outfall System Total Annualized HH Semi-Variable Cost Of Water GEL/ yr 2934
Total Annualized HH Semi-Variable Cost Of Water And Annualized HH Semi-Variable Cost Of Sewage Storage GELyr 209
Sewer = Total Annualized HH Semi-Variable Cost Of W ater [System
+ Total Annualized HH Semi-Variable Cost Of Sewer Annualized HH Semi-Variable Cost Of Sewage Ouitfall System GEL/yr 238
Total Annualized HH Semi-Variable Cost Of Sewer GEL/ yr 446
'gzt/:j:?f\nnuahzed HH Semi-Variable Cost Of Water And GELiyr 3381

Source: RID IEP Analysis.

Each of the Metrics shown in the preceding chactalsulated from a number of Data
Elements. The following chart shows an exampleuchsa calculation for an outside water

storage system.

29. Individual Household Annualized Semi-Variable CostFor Outside Water Storage System
VALUE
CALCULATION DATA ELEMENT / METRIC UNIT 9608369mmds
Annualized Semi-Variable Cost Of Outside Water Stor  age Exp(lected TngB;tV\;eebrT C':ut5|dte Water Storage Tank yr 20
Tanks = ( Number Of Outside Water Storage Tanks * U nit epracement Lr efurbishmen
Outside Water Storage Tank Replacement Or Number Of Outside Water Storage Tanks 1
Refurbishment Cost ) / Expected Time Between Outsid e - -
Unit Outside Water St Tank Repl t O
Water Storage Tank Replacement Or Refurbishment Relfurblilsfllmznt C:Ji,t orage Tank Replacement Or GEL 5000
. X . i Annualized Semi-Variable Cost Of Outside Water Stor  age
Annualized Semi-Variable Cost Of Outside Water Stor ~ age |znks GEL/yr 250
Vel F!Il!ng RIS ( Number_ CrOUEESWEEr S - e Expected Time Between Outside Water Storage Tank Filling
Tank Filling Pumps * Unit Outside Water Storage Tan  k Pump Replacement Or Refurbishment yr 2
Filling Pump Replacement Or Refurbishment Cost ) / b =ep
Expected Time Between Outside Water Storage Tank Number Of Outside Water Storage Tank Filling Pumps 2
gilinglaumplieplacemeniUyRenbishpet Unit Outside Water Storage Tank Filling Pump Replacement GEL 200
i . . . Or Refurbishment Cost
Annualized Semi-Variable Cost Of Outside Water Stor ~ age [Annualized Semi-Variable Cost Of Outside Water Stor age
Electrical System Replacement Or Refurbishment=Un it |Tank Filling Pumps GEL/yr 400
G Wl SR Electrlcal Gt Sy . Expected Time Between Outside Water Storage Electrical
Replacement Or Refurbishment Cost / Expected Time System Replacement Or Refurbishment yr 2
Between Outside Water. Storage Electrical System Unit Outside Water Storage Electrical Control System
Replacement Or Refurbishment Replacement Or Refurbishment Cost eat 250
Annualized Semi-Variable Cost Of Outside Water Stor  age
Annualized Semi-Variable Cost Of Outside Water Stor  age |Ejectrical System Replacement Or Refurbishment GEL/yr 115
System = Annualized Semi-Variable Cost Of Outside - - o :
Annualized Semi-Variable Cost Of Outside Water Stor  age
Water Storage Tanks + Annualized Semi-Variable Cost ~ Of S g GEL/yr 765
Outside Water Storage Tank Filling Pumps + Annualiz ~ ed NYLEber S TS o e Corre e
Semi-Variable Cost Of Outside Water Storage Electri  cal Sy Today 9 ge Sy 1
Annualized HH Semi-Variable Cost Of Outside Water S torag g?gizlézgt\i/;:mSem|-Var|ab|e Gl CUEED Wl GEL/yr 765

Source: RID IEP Analysis.

Appendix E shows the detailed calculations ofygles of semi-variable costs for individual

households including related Metri

cs and Data Elgme
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5.2.4Water And Sewer Variable Cost

Variable costs are costs incurred on a regulastkzasi depend on the volume of water
obtained or amount of sewage produced. A typicahtsbe cost is electricity to run a pump.
Variable costs include both coping-related costg,(running a private water well pump) and
non-coping-related costs., municipal water bill).

Seasonality.Volumes and variable cost vary greatly by timgedr. Consequently, variable
costs are separately calculated for the high, sleowind low seasons and summed to an
annual figure.

During the Design review a concern was raised abeasonality. These concerns apply to
variable costs as well as all other Metrics whbezd is a seasonal effect (a great percentage
of Metrics).

Seasonality is an important issue for all RID tagiges and it can not be ignored. It is true
that surveys will be conducted during low seasmlgism and skiing season, but we were
advised that it would be impractical to conductveys during high seasons because
respondents are simply too busy. In general, sedispareates difficulties regardless of when
one does the survey worke(, the high season at the seaside is the low seasbe

mountains and vice-versa).

Consequently, the survey questionnaires will inelqdestions on all seasons. For example,
we will ask about the amount of water consumptionrd) high, shoulder and low season
periods, as well as about quality and supply ofewatross different seasons. Our
questionnaires and the information collected bwilisensure that we get as clear picture as
possible of what is going on in target cities dgrihe whole year period. Aggregation for the
entire year as well as by season, if of interestbe possible.

Costs.The following chart shows variable water and seeasts for individual households.
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30. Individual Household Water And Sewer Variable Cost
VALUE
6o
SEASON
60 ANNUAL
HIGH S'MDER LOW TOTAL
CALCULATION DATA ELEMENT / METRIC UNIT [ bsBgoenm @3B0 | Genomo %380

Length Of Season wks/yr 4,3 43 43,4 n.a.

Annual HH Variable Cost Of Water Well System GEL/yr 231 33 133 398

... Spring Or Distant Water Source System GEL/yr 231 33 133 398

... Outside Water Storage System GEL/yr 277 231 200 709
Total Annual HH Variable Coping Cost Of Water = (A nnual I
HH Variable Cost Of Water Well System + ... Spring Or ... Water Distribution System GEL/yr 238 159 1082 1478
Distant Water Source} SYS‘eW + ... Outside Water Stora ge . Inside Water Storage System GEL/yr 166 139 120 425
System + ... Water Distribution System ) *(2/2) +(...
Inside Water Storage System + ... Tanker Truck Water — +...|  Tanker Truck Water GELlyr 86 43 0 129
Coping Related Bottled Water + ... Manually Collecte  d
Water From Spring Or Other Water Source ) ... Coping Related Bottled Water GEL/yr 30 11 87 128
Total Annual HH Variable Cost Of Water = Total Annu_ al HH| - Manually Collected Water From Spring Or Other Water GEL/yr 4 3 1 8
Variable Coping Cost Of Water + Municipal Water Bil | Source

Total Annual HH Variable Coping Cost Of Water GEL/yr 1264 651 1756 3672

Total Annual HH Variable Coping Cost Of Sewer = Ann  ual

HH Variable Cost Of Sewage Storage System + ... Sewer Annual HH Variable Cost Of Municipal Water GEL/yr 61 33 17 110
Outfall System + ... Sewage Tanker Truck

Total Annual HH Variable Cost Of Water GEL/yr 1325 684 1773 3782
Total Annual HH Variable Cost Of Sewer = Total Annu ~ al
:;"\-I' Variable Coping Cost Of Sewer + Municipal Sewage Annual HH Variable Cost Of Sewage Storage System GEL/yr 64 44 387 495
i
... Sewer Outfall System GEL/yr 65 37 290 392

Total Annual HH Variable Cost Of Water And Sewer =
Total Annual HH Variable Cost Of Water + Total Annu  al HH| .. Sewage Tanker Truck GEL/yr 200 50 50 300
Variable Cost Of Sewer

Total Annual HH Variable Coping Cost Of Sewer GEL/yr 329 131 727 1187
Annual HH Variable Cost Of Sewage Service GEL/yr 10 10 100 120
Total Annual HH Variable Cost Of Sewer GEL/yr 339 141 827 1307
Total Annual HH Variable Cost Of Water And Sewer GEL fyr 1664 825 2 600 5089

Source: RID IEP Analysis.

Each of the Metrics shown in the preceding chattlsulated from a number of Data
Elements. The following chart shows an exampleuchsa calculation for operating a water
well system.

31. Individual Household Variable Cost For Operating Waer Well Pump
VALUE
6o
SEASON
s9Bmbo ANNUAL
HIGH SHOULDER LOW TOTAL
CALCULATION DATA ELEMENT / METRIC UNIT 85p3em0 LsBmsenes @®smo | Gemomo xs8ol
Length Of Season wks/yr 4,3 43 43,4 n.a.
Annual Water Well Pump Operating Hours = Length Of Number Of Water Well Pumps Used 2 1 1 n.a.
Season * Number Of Water Well Pumps Used * Number O f
Days In A Week Water Well Pumps Operate * Number Of Number Of Days In A Week Water Well Pumps Operate days/wk 7 5 4 n.a.
Hours In A Day Wate Well Pumps Operate
Number Of Hours In A Day Wate Well Pumps Operate hr/day 5] 2 1 n.a.

Annual Variable Cost Of Water Well System = Annual
Water Well Pump Operating Hours * Effective Power D raw [Annual Water Well Pump Operating Hours hriyear 301 43 174 518
Of Each Water Well Pump * Unit Electricity Cost

Effective Power Draw Of Each Water Well Pump kw 8 8 8 n.a.
Annual HH Variable Cost Of Water Well System = ( (
Annual Water Well Pump Operating Hours * Effective Annual Variable Cost Of Water Well System GEL/Myr 231 33 133 398
Power Draw Of Each Water Well Pump ) * Unit Electri ~ city
Cost ) / Number Of HHs Sharing Water Well System To  day |Number Of HHs Sharing Water Well System Today 1 1 1 n.a.
Annual HH Variable Cost Of Water Well System GEL/Myr 2 31 33 133 398

Source: RID IEP Analysis.

Appendix E shows the detailed calculations ofyglets of variable costs for individual
households including related Metrics and Data Elgme

5.2.5Annual Water And Sewer Cost

Each year individual households face annualized-sanmable and annual variable costs for
water and sewer services. The following chart shigetrics related to these overall costs.
These values are the actual amounts spent by thidivhouseholds on both water and sewer
services today. Once the new water and sewer sgdiegin operation the coping-related
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costs will likely fall (perhaps to zero) while theunicipal water and sewer costs will likely
rise due to both quantity and tariff increases.

32. Individual Households Annualized Semi-Variable AndAnnual Variable Water And Sewer Cost
VALUE
SEASON | ANNUAL
CALCULATION DATA ELEMENT / METRIC UNIT HIGH SHOULDER LOW TOTAL
Length Of Season wks/yr 4,3 4,3 43,4 n.a.
Annualized HH Semi-Variable Water Coping Cost GEL/yr 243 243 2449 2934
Total Annualized HH Semi-Variable And Annual HH
Variable Cost Of Water = Annualized HH Semi-Variabl e HH Variable Water Coping Cost GEL/yr 1264 651 1756 3672
Water Coping Cost + HH Variable Water Coping Cost + HH
Municipal Water Bill HH Municipal Water Bill GEL/yr 61 33] 17 110
) . ) Total Annualized HH Semi-Variable And Annual HH
Totgl Annualized HH Seml-Varlaple And Annugl HH Variable Cost Of Water GEL/yr 1568 927 4222 6716
Variable Cost Of Sewer = Annualized HH Semi-Variabl e
Sewer Coping Cost + HH Variable Sewer Coping Cost + Annualized HH Semi-Variable Sewer Coping Cost GEL/yr 37 37 373 446

HH Municipal Sewer Bill

HH Variable Sewer Coping Cost GEL/yr 329 131 727 1187
Total Annualized HH Semi-Variable And Annual HH
Variable Cost Of Water And Sewer = Total Annualized ~ HH |HH Municipal Sewer Bill GEL/yr 3 56 25 84
Semi-Variable And Annual HH Variable Cost Of Water ~ + P 7 T

Total Annualized HH Semi-Variable And Annual HH
Total Annualized HH Semi-Variable And Annual HH Variable Cost Of Sewer GEL/yr 369 223 1125 1717

Variable Cost Of Sewer

Total Annualized HH Semi-Variable And Annual HH

Variable Cost Of Water And Sewer CESY SREL D120 e cess]

Source: RID IEP Analysis.

Appendix E shows the detailed calculation of theuwmh water and sewer cost including
related Metrics and Data Elements.

5.2.6Economic Willingness To Switch To New Water And Seer Systems

Note that if the annual cost shown in the precedimyt falls once the new water and sewer
systems begin operation then it can be expectedniti@idual households will switch from
their existing water and sewer arrangements taguginly) the municipal systems. The ratio
of current cost over expected future cost indicttiedevel of motivation that individual
households will have to switch as shown in theolelhg chart. The larger the ratio (over one)
the greater should be the economic motivation ehihusehold to switch to using (only) the
municipal systems.

For this example, it appears the household wilhdpsbout 97 percent less using the new
water and systems compared to existing arrangenigmtsis a deceptively large decrease
because the representative household shown initltre-model uses all the (expensive)
coping strategies causing their apparent spendibg tjuite high. In fact, households do not
use all the coping strategies and will spend meash than is shown in these examples.
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33. Individual Households Economic Willingness To Switis
VALUE
CALCULATION DATA ELEMENT / METRIC UNIT 09600369@mds
Future Annual HH Municipal Water Bill = Volume Of W ater 3
Used Today * Water Tarrft Volume Of Water Used Today m>/yr 65
Water Tarrff g 1,7000
Future Annual HH Municipal Sewer Bill = Volume Of W ater ater Tar GEL/m
Used Today * Sewer Tariff Sewer Tariff m3yr 21000
Future Annual HH Municipal Water And Sewer Bill = Future Annual HH Municipal Water Bill GELJyr 110
Future Annual HH Municipal Sewer Bill + Future Annu  al
HH Municipal Water Bill Future Annual HH Municipal Sewer Bill GEL/yr 136
Current Annualized HH Semi-Variable And Annual HH . .
Variable Cost Of Water And Sewer = Current Annualiz  ed Future Annual HH Municipal Water And Sewer Bill GEL/ yr 246
HH Semi-Variable And Annual HH Variable Cost Of Wat  er [Cyrrent Annualized HH Semi-Variable And Annual HH
+ Current Annualized HH Semi-Variable And Annual HH Variable Cost Of Water GEL/yr 6716
Variable Cost Of Sewer Current Annualized HH Semi-Variable And Annual HH . A7
Variable Cost Of Sewer Y
Likelihood To Switch For Water (larger is more like  ly to Current Annualized HH Semi-Variable And Annual HH GEL/ 8433
switch) = Current Annualized HH Semi-Variable And Variable Cost Of Water And Sewer 4
Annual HH Variable Cost Of Water / Future Annual HH Likelihood To Switch For Water (larger is more like Iy to
Municipal Water Bill S, 61,06
Likelihood To Switch For Sewer (larger is more like  ly to 1264
Likelihood To Switch For Sewer (larger is more like ly to switch) !
switch) = Current Annualized HH Semi-Variable And Likelihood To Switch For Water And Sewer Combined 34.30
Annual HH Variable Cost Of Sewer / Future Annual HH (larger is more likely to switch) |

Source: RID IEP Analysis.

Appendix E shows the detailed calculation of thenexnic willingness to switch including
related Metrics and Data Elements.

Note that a large ratio of current to future expdatosts does not mean that a particular
household will actually switch to the new water @egver systems; it is merely a measure of
the economic motivation to switch. Nevertheless,fthither one moves from a ratio of 1,00
the more likely it is for a household to switchnamt as shown in the following chart. The
diagonal line is where current cost equals expefttienle cost (a ratio of 1,00). Point A (red)
shows where the expected future cost is much greésie current cost. In this case the
household will most likely not switch. Point B (gre is the reverse, where expected future
cost is much less than current cost. In this daisevery likely the household will switch. At
point C (blue) the household is economically ireléint between switching and not-
switching.

The economic willingness to switch ratio from thdividual household micro-models will
give a good sense of the motivations householdsasle to switch to the new water and
sewer system.
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34. Schematic Of Economic Willingness To Switch To NeWater And Sewer Systems
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Source: RID IEP Analysis.

During the Design review a question was raised tbether all decisions whether to switch
or not are actually purely economic decisions. kiiekt that assumption on rationality of
economic agents is absolutely realistic. We domadels under this assumption. However,
there are cases (empirically observed) when pdmgidtave irrationally, but this is not a
permanent case. Myopic behavior is an examplaationality. We believe that households
have different experiences and different levelsudt towards water utilities and Government
policies. Some households will switch because think that they will be better off, while
others will behave differently. Now, which houseat®hbre rational and which are not? Both of
them are rational because they make decisions vithéhthink will maximize their utility.
What we mean by subijectivity is different perceptitvust and expectations of households
about the future will lead different householdslifberent decisions, but all of them will be
rational and motivated by economic reasons.

In sum, there are three things to look at: econamotivation, perceptions (or expectations
about the future) and micro-model and quality f&f issues. Each of these areas are
represented with certain Metrics, which when sumugied an idea on willingness to switch.

For example, if a household currently spends 10 @&lmonth on water and sewer service
(including coping costs), then if the expected ffathill will be 3 GEL per month then, almost
for sure, the household will switch to the new wated sewer system. If the expected future
bill will be 20 GEL then almost for sure the houskehwill not switch. However, there is a
range of expected future bill (maybe 9 to 11 GELY ¢to 13 GEL) where the other factors
will become very influential. The Design will prale insight to these tradeoffs.

5.2.7Perceptional Willingness To Switch And Methods Of ©ntingent Valuation

Economists favor the individual’s valuation of gedd be studied through their behavior on
the market. However, the preferences of individt@aigard certain products cannot always be
observed through purchasing behavior. Purchasestetr from the new water systems are of
this type. This is due to the share of the popmtathat has never knowingly consumed
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municipal water and is not aware of the benefithef“product”. On the other hand, the
water systems are not yet implemented so the “pnadluct” is not offered yet, which is
considered to be 24 hour water supply as opposestier provision by schedule.

In such circumstances, analysts have concludedibet is no viable alternative to directly
asking a sample of people about their valuationesfonnaires designed to elicit preferences
are normally referred as Contingent Valuation (G\iveys. CV, or sometimes named as
hypothetical valuation, is a widely applied costfit analysis which involves directly

asking people about their willingness to pay. Diaéypothetical nature, the method is
particularly useful for prediction of future impact

The method of Contingent Valuation has twofold Wigrier the RID IEP. First it allows the
simulation of the ex-post situation. Second it gittee information about the perceptional
willingness to switch of households. Some househoidy choose to not switch even though
it would be in their best interest economicallyeiridecision would be based on their
perceptions, beliefs and feelings that can onlgddereported.

Two broad alternative ways of asking the valuatjoestion are available:

B Open-ended in which the respondent can name anyrgrsbe/he wishes when asked
some version of “What are you willing to pay?”

B Dichotomous choice (referendum or yes/no) in whighrespondent is asked “Are you
willing to pay (at least) X amount of money (peripd)?”

The RID IEP will use both methods to evaluate thiBngness to switch based on the
perceived affordability of water and sewer tariffee combination of the two methods will
give a better understandability of the willingnésswitch.

Open Ended (non-referendum) Choice MethodThis method is a non-referendum
contingent valuation to determine the optimal aadgtration prices of water. As noted
previously, this type of method directly asks tespondent to state his/her willingness-to-pay
amount for the product.

Below is the particular method belonging to dir€&t type, which gives the information
about the range of monthly bills for water at whibk people are willing to switch. Four
questions will be asked of households:

B What would be an Acceptable monthly price for mipatwater that you would pa$?
(i.e., the household would switch)

B What would be an Expensive monthly price for mysatwater that you would
nevertheless pay?€., the household would still switch)

B What would be a Very Expensive monthly price formmeipal water that you would not
pay? {.e. the household would not switch)

B What would be an Inexpensive monthly price for noipal water?i(e., the household
would switch).

B The question is about the monthly cost of watéhetit regard to the quantity consumed. Individual
households would find estimating an Acceptableepfix one m of water very difficult.
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The data set will have a range of prices with theegntage of households that consider that
price Acceptable, Expensive, Very Expensive or pamsive. Conclusions about willingness
to switch will be reached by 1) comparing the Adebje and Expensive results and 2)
comparing the Inexpensive and Very Expensive resiite method calculates cumulative
percentage from the lowest to highest stated faeftable and Inexpensive and from highest
to lowest price for Expensive and Very Expensivslaswn in the following chart.

35. Range Of Prices At Which Households Would Switch TG he New Water System
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Source: RID IEP Analysis.

The intersection of the Acceptable and Expensivesliand the intersection of the Inexpensive
and Very Expensive lines (both circled) give a mo§prices where a suitable percentage of
households would consider the price reasonablegimtmuswitch to the municipal water
system. For the simulated data in the chart, thgeas from 0.38 GEL/person-month to 0.94
GEL/person-month.

The results give plausible information for tariéftsng policy analysis, by showing the quick
response of the market on lowest and the lighteshds of tariff levels.

Open ended surveys exhibit substantial drawbackdalthe possibility of untruthfulness of
respondent responses. On the other hand the maamtagde of this direct method is that
respondents propose their own prices which candre tnuthful in some cases as opposed to
the answers on proposed prices which can biasdteeptions and produce less accurate
response.

Dichotomous (referendum) Choice MethodThis method is indirect in a sense that it relies
on the patterns of responses across a large nwhbespondents to make references about
their preferences on particular price. The nambatmmous or binary is from the fact that
respondents will be asked whether they are willlngwitch at a particular tariff or not.
Following chart shows a set of possible monthlisbdor water and the percentage of people
responding that they would switch at that tariff.
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36. Histogram Of Dichotomous Choice Response For MonthlWater Bill
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For the data of simulated survey, specific bidskalte shown on the horizontal axis ranging
from lowest (1 GEL) to the highest price offere@ @EL) in 1 GEL increments. We can
interpret the response frequencies as estimaf@®bébility that the random drawn number
of sample of respondents is willing to switch at@fic amount of monthly water bill.

The histogram can also be viewed as the rough appation of a demand curve on
municipal water provision. Following the economi@abysis, as in the case of standard
demand curve, the area under the curve providesstiteate of willingness to pay. The
calculation of monthly bill at which individualseagoing to switch equals the multiplication
of sum of histogram heights by price intervals @L§{ which for our simulated data appears
to be 11,40 GEL.

A major advantage of binary model is that it mékéscondition of inceptive compatibility —

the incentive of respondents to give truthful anskaéher than strategic. This feature of the
model is an important reason for considering tiselte to be most accurate measurement of a
monthly water bill at which the average individwaduld switch to new system.

Purpose Of Using Two MethodsApplication of two methods is used for double dtieg
the responses and also for benefiting from thefit information obtained from each. In
case of results of second model to fall in the eanigmonthly bills provided in the direct
approach it reveals the plausibility of both sulsiey

In addition, the first method gives interestingoimhation for tariff setting purposes that
second does not. For example, in case of governapgtying cross-subsidy policy of
subsidizing the poor by charging high rates onhilgl income group, the direct approach
provides of the maximum price that can be chargete¢ wealthy for funding the subsidy.

But, compared to indirect method, the same apprbasHess reliable responses and it gives
only the range for willingness to switch amounheatthan accurate estimate of the most
reasonable price.
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5.2.8Coping Time

Nearly all coping methods require that househgbdsnd time operating and maintaining their
water and sewer systems. This time is typicallynspg the individual household for private
houses. The RID IEP imputes no value to this tiratier we just report the quantity of time.

Households in apartment blocks typically hire (@ga@up) an individual to maintain the water
and sewer system. These out-of-pocket costs auedent as variable costs for households in
apartment blocks and are not considered to be gapires.

The following chart shows the time spent by indiathouseholds coping with less-than-24/7
water supply. For this imaginary household a tofadight days and two hours are spent on
coping-related activities each year (194 hours loit enore than two eight-hour days per
month).

37. Individual Household Time Spent Managing Water AndSewer
VALUE (DD HH:MM)
SEASON ANNUAL
CALCULATION DATA ELEMENT / METRIC UNIT HIGH SHOULDER LOW TOTAL
Length Of Season wks 4,3 43 43,4 52,0

Time Managing Local Water Systems rm’;r 4:00 2:00 1:00 02 21:12
Time Managing Local Sewer Systems Tx}tr 1:48 1:24 1:09 02 15:58

hriwk

Time Managing Water Supply And Sewer Service =

Time Managing Local Water Systems +
Time Managing Local Sewer Systems + Time Managing Bottled Water i
Time Managing Bottled Water + hr/xk

Time Managing Spring Water Time Managing Spring Water wir 2:00 1:20 0:40 0119:16
Total Annual Time Spent Managing Water And Sewer f;r:)/yv:( 8:16 5:04 3:09 08 02:20

0:28 0:20 0:20 00 17:54

Source: RID IEP Analysis.

We will not assign a value to the time that indinatlhouseholds spend managing water and
sewer systems. However, we will ask respondents thiegt would do with their newly freed
time and, if they indicate a desire to work, wied wage would be for that work. This will
increase the overall benefit of the RID projects.

Appendix E shows the detailed calculation of coginmges including related Metrics and Data
Elements.

5.2.9Water Consumption

As part of the Quality Of Life Impact Category hebhslds will be asked about their estimated
usage of water for different purposes. This willdo@plemented by a formal water audit
among a limited number of households as discusstis Sub-Section. The full water audit
model is shown in Appendix F.

Background. Surveying water consumption is twofold importdsitst of all, the amount of
water consumed is a component of total water aneéiseost. The hypothesis is that the new
water system might decrease water consumptionpasteglly households store more water
than they need and then dump the unused water mbaicipal water is turned on each day.
Water 24/7 will enable households to consume ag asimuch water as they need. The
second importance of water consumption is housebetdvior. Water 24/7 might improve
certain activities that involve water usage th&dcifthe quality of life of households. For
example, bathing more and cleaning the house megeiéntly.

The method that we will use for assessing the amofuwater consumption is similar to a
procedure called a “Water Audit”. The procedurenitfees all water sources in a house and
offers engineering tools for handling calculatidmater consumed from each of them.g(,
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method for measuring water consumed by flowing igydilush toilet with tank or how to
calculate flow rate of different types of faucets).

The engineering methods of the water audit wiltbscribed during detailed survey design.
In this Sub-Section there are represented keyelataents that will be used for calculation of
total water consumption, which is the main Metri©or interest.

Household Size EffectsDuring the Design review a question was raisediaadjusting for
household size while examining water consumptidreré is a certain scale effect in water
consumption for households. This is also imporgandss households living in private houses
and apartment blocks. All the issues related tenainsumption will be determined by the
water audit and the expression of these resuéis issue which can be determined after data
is collected. Equivalized measures may well be ulsetat this moment we do not know
what should be the coefficient used for water camsion. The water audit will provide this
information.

We also reviewed literature on this topic; howewercould not find a coefficient that should
be used for water consumption. One option thatoued was to rely on expert judgment, but
as you can imagine there can be some undesiredtabea. We still think that water audit and
household surveys will give us sufficient empiricdbrmation to derive this coefficient.

Types Of Water Consumption.The micro-model calculates water consumption fedim
water sources by grouping them into six main graagp®llows:

B Water consumption for toilet usage

B Water consumption from in-house faucets

B Water consumption for outdoor faucets

B Water consumption from showerheads

B \Water consumption from domestic appliances

B Water consumption from alternative water sources.

Last group refers calculation of water consumpfrom alternative sources, which is not
considered in the methods of the water audit. Turpgse of measuring it is to observe how
municipal water will substitute the water consuraptirom alternative sources after the new
water systems begin operation as compared to tediba situation.

Water Consumption For Toilet Usage.The following chart shows how volumes will be
calculated for toilets. Households might have twmes of flush toilets: in-house or so-called
Turkish toilet at the outdoor. Both appliances harks and gravity flushes. Types of toilets
without flushes are flowed with stored water mathuaVater consumption for these types of
toilets and all other manual flows of toilets aomsidered in calculation of stored water both
from municipal and alternative sources.

Data Elements for water consumption calculatiofiush toilets include number of flushes
per day and amount of water consumed per flush.
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38. Water Consumption For Toilets
VALUE
CALCULATION DATA ELEMENT / METRIC UNIT TOILET #1

Length Of Season weeks 52
Annual Water Consumption By Toilets = Length Of Flushes Each Day For Any Purposes #/day 2
Season * 7 * Flushes Each Day For Any Purposes * Pe r
Flush Water Consumption Per Flush Water Consumption m® 0,0100

Annual Water Consumption By Toilets m3lyr 7,28

Source: RID IEP Analysis

Water Consumption For Indoor Faucets.Consumption of water from all kind of faucets
can be measured by multiplying their flow rates @imeks of operation. The time of operation
of a faucet depends on the household activitieslwivg water consumption. Two types of
indoor faucets in bathrooms and in the kitchernvarg often used for the same purposes.
Calculation table below lists all possible reasohgsing kitchen and toilet faucets and
corresponding times of operation of faucets foheaativity .9, hand washing, cooking,
drinking, cleaning, storing water due to insuffrdigrovision)

39. Water Consumption For Indoor Faucets
VALUE
KITCHEN
CALCULATION DATA ELEMENT / METRIC UNIT FAUCET #1
Time Faucet Is On For Cooking Purposes min/day 30
Time Faucet Is On For Potable Water Purposes min/day 10
Time Faucet Is On For Hand Washing min/day 10
Time Faucet Is On For Watering In-House Plants min/day 10
Time Faucet Is On For All Purposes = Time Faucetls  On
For Cooking Purposes + Time Faucet Is On For Potabl e Time Faucet Is On For Teeth Brushing min/day 0
Water Purposes + Time Faucet Is On For Hand Washing ~ +
Time Faucet Is On For Watering In-House Plants + T ime |Time Faucet Is On For Washing Dishes min/day 10
Faucet Is On For Teeth Brushing + Time FaucetIs On  For
Washing Dishes + Time Faucet Is On For In-House Wet - |Time Faucet Is On For In-House Wet-Cleaning Procedures min/day 20
Cleaning Procedures + Time Faucet Is On For Outdoor
Wet-Clean Procedures + Time Faucet Is On For Laundr y + |Time Faucet Is On For Outdoor Wet-Clean Procedures min/day 10
Time Faucet Is On For Treating Domestic Animals + T ime
Faucet Is On For Storing Water + Time FaucetIsOn  For |Time Faucet Is On For Laundry min/day 0
Other Purposes
Time Faucet Is On For Treating Domestic Animals min/day 10
Annual Water Consumption By Indoor Faucet = Time ] - -
Faucet Is On For All Purposes * Flow Rate Of Faucet  / Time Faucet Is On For Storing Water min/day 50
1000
Time Faucet Is On For Other Purposes min/day 10
Time Faucet Is On For All Purposes min/day 170
Flow Rate Of Faucet I/min 5,0
Annual Water Consumption By Indoor Faucets m3fyr 0,9

Source: RID IEP Analysis

Water Consumption For Outdoor Faucets.Outdoor faucet/hoses are grouped in a separate
category because it might be used for quite diffepeirposesd.g, car wash, carpet wash,
gardening) and also some of its uses are seasmgalgardening more frequently in summer
and spring and washing car or carpets more in gaather). The following chart shows the
calculation for water consumption for outdoor faisce
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40. Water Consumption For Outdoor Faucets
VALUE
FAUCET #1 -
SEASON
CALCULATION DATA ELEMENT / METRIC UNIT HIGH
Length Of Season wk/yr 43
Time Faucet Is On For Outdoor Gardening min/day 120
... For Car Washing min/day 30
... For Carpet Washing min/day 10
... For Other Non-Economic Purposes min/day 15
... For Other Economic Purposes min/day 180
Time Outdoor Faucet Is On For Seasonal Activities = ((
Time Faucet Is On For Outdoor Gardening + ... ForC  ar Time Outdoor Faucet Is On For Seasonal Activities hr  /season 178
Washing Of Own Vehicles + ... For Carpet Washing + ...
For Other Non-Economic Purposes + ... For Economic Flow Rate Of Faucet /min 5,0
Purposes ) * 7 * Length Of Season ) / 60 -
Annual Water Consumption By Outdoor Faucets For iy 53.4

Annual Water Consumption By Outdoor Faucet For Seasonal Activities

Seasonal Activities = Time Outdoor Faucet Is On For Time Faucet Is On For Cooking Purposes min/day 10
Seasonal Activities * 60 * Flow Rate Of Faucet/ 10 00

... For Potable Water Purposes min/day 30
Time Outdoor Faucet Is On For Non-Seasonal Activiti ~ es =
( Time Faucet Is On For Cooking Purposes + ... For ... For Hand Washing min/day 25
Potable Water Purposes + ... For Hand Washing + ...  For
Watering In-House Plants + ... For Teeth Brushing + ... For |... For Watering In-House Plants min/day 20
Washing Dishes + ... For In-House Wet-Cleaning
Procedures + ... For Outdoor Wet-Clean Procedures + ... |... For Teeth Brushing min/day 10
For Laundry + ... For Treating Domestic Animals +. .. For
Storing Water + ... For Other Purposes ) * 7 *Leng th Of  [... For Washing Dishes min/day 10
Season / 60

.. For In-House Wet-Cleaning Procedures min/day 10

Annual Water Consumption By Outdoor Faucet For Non - -
Seasonal Activities = Time Outdoor Faucet Is On For ~ Non- | For Outdoor Wet-Clean Procedures min/day 10
Seasonal Activities * 60 * Flow Rate Of Faucet/ 10 00

.. For Laundry min/day 10
Annual Water Consumption By Outdoor Faucet = Annual e T Saes Al e 10

.. For Storing Water min/day 20

... For Other Purposes min/day 10,00

Time Outdoor Faucet Is On For Non-Seasonal Activiti  es hrlyear 88

ggg:i\:llit;rw?t?enssumpt|on By Outdoor Faucets For No  n- i 26,3

Annual Water Consumption By Outdoor Faucets | m3lyr | 79,77 |

Source: RID IEP Analysis

Water Consumption From Bathroom ShowerheadBathing and showering might also be
seasonal. In cold weather, households are relutdddthe frequently due to poor heating in
houses and to avoid respiratory diseases.
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41. Water Consumption For Using Bathroom Showerhead
VALUE
SHOWER /
BATHTUB # 1
CALCULATION DATA ELEMENT / METRIC UNIT HIGH
Length Of Season wk/yr 4.3
Time Showerhead Is On For Taking Shower min/day 30
Flow Rate Of Shower Head I/min 30,0
Annual Water Consumption By Shower Heads For 3
Showers s =
Time Bathtub Faucet Is On For Taking Bath min/day 15
Annual Water Consumption By Shower Head For Showers ;
= Time Showerhead Is On For Taking Shower * 7 *Len gth |Flow Rate Of Bathtub Faucet I/min 40,0
Of Season * Flow Rate Of Shower Head / 1000 ]
Annual Water Consumption By Bathtub Faucets For Bat hs m3lyr 18,1
Annual Water Consumption By Bathtub Faucet For Bath s [annual Water Consumption By Shower Heads And B
= Time Bathtub Faucet Is On For Taking Bath * 7 * L ength |gathtub Faucets For Bathing melyr 45.2
Of Season * Flow Rate Of Bathtub Faucet / 1000
Time Bathtub Faucet Is On For Cooking Purposes min/day 0
Annual Water Consumption By Shower And Bathtub For i
Bathing = Annual Water Consumption By Shower Head ... For Potable Water Purposes min/day 10
For Showers + Annual Water Consumption By Bathtub
Eaucet For Baths ... For Hand Washing min/day 5
Time Bathtub Faucet Is On For Non-Bathing Purposes = ( |-~ FOr Watering In-House Plants min/day 5
Time Bathtub Faucet Is On For Cooking Purposes +.. . For h hi in/d
Potable Water Purposes + ... For Hand Washing + ... ~ For o (FEF TR PEI MIEEY 0
Watering In-House Plants + ... For Teeth Brushing + ... For . ’ .
Washing Dishes + ... For In-House Wet-Cleaning o (RO TN (BEIEE Ty g
Procedures + ... For OutdolorWet—Clegn Prpcedures * .. For In-House Wet-Cleaning Procedures min/day 5
For Laundry + ... For Treating Domestic Animals +. .. For
Storing Water + ... For Other Purposes ) * 7 * Leng  th Of . For Outdoor Wet-Clean Procedures min/day 5
Season / 60
. .. For Laundry min/day 10
Annual Water Consumption By Bathtub Faucet For Non-
Bathing Purposes = Time Bathtub Faucet Is On ForNo  n- | For Treating Domestic Animals min/day 3
Bathing Purposes * 60 * Flow Rate Of Bathtub Faucet /100
.. For Storing Water min/day 0
Annual Water Consumption By Bathtub And Shower Fauc
.. For Other Purposes min/day 5
Time Bathtub Faucet Is On For Non-Bathing Purposes h  rlyear 24
Flow Rate Of Bathtub Faucet I/min 40,0
Annual Water Consumption By Bathtub Faucets For Non - 3
h m>lyr 58
Bathing Purposes
Annual Water Consumption By Shower Heads And 3
Bathtub Faucets W Horie

Source: RID IEP Analysis

Water Consumption For Domestic AppliancesOnly washing machines are considered as a
domestic appliance involving water exploitationh@tmachines, like dishwashers are almost
non-existence among target households of surveyenigineering approach will allow
assessing amount of water consumption per timieteayf washing machine operation.
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42. Water Consumption For Domestic Appliances
VALUE
SEASON
CALCULATION DATA ELEMENT / METRIC UNIT HIGH
Length Of Season wk/yr 43
Annual Water Consumption For Washing Machine = NI 60 e T i el o 4
Number Of Loads In Washing Machine * Length Of CIileEly CERSIINCEEII LAETEIIE W
fgggon Vel CiF Weter Used] Ey Weshing Wi Volume Of Water Used By Washing Machine I/load 35,0
Annual Water Consumption By Washing Machines mlyr 0,60

Source: RID IEP Analysis

Water Consumption From Alternative Water Sources Calculation of municipal water
consumption is done according to its uses, bedaiseonsumed simultaneously, while water
from alternative sources in consumed after storlimgrefore, measurement of alternative
water consumption involves data elements such lasneof storage means and frequency of
storing as shown in the following chart.

43. Water Consumption From Alternative Water Sources
VALUE
ALTERNATIV
E WATER
SPRING
CALCULATION DATA ELEMENT / METRIC UNIT WATER
Length Of Season wk/yr 4,3
Annual Water Consumption From Alternative Water -
Sources = Number Of Fillings * Volume Of All Moveab  le Nl @ (RIS AR g
Buckets And Containers (in one or more containers) * Volume Of All Moveable Buckets And Containers (in one or
! | 100
Length Of Season / 1000 more containers)
Annual Water Consumption From Alternative Water 3 13
Annual Water Consumption That Is Discarded When New Sources TS .
Water Is Added To Storage Containers = Annual Water Portion Of Water That Is Discarded When New Water Is 50%
Consumption From Alternative Water Sources * Portio  n Of|Added
Water That Is Discarded When New Water Is Added Annual Water Consumption That Is Discarded When New
Water Is Added To Buckets And Other Moveable Water m3/yr 0,6
Storage Containers

Source: RID IEP Analysis

Household Level LeaksPart of the total water consumption is the amadintater that is
consumed by household unintentionablyg, leakages in toilets, drips of faucets). It isyer
difficult to handle calculation of this type of veatconsumption. Water audit tools can only
detect leakage existence. It involves asking qomestiike whether the household members
hear the noise in toilets or have noticed wallsdavet periodically in the apartment.

Unintentionally consumed water is important becausgght distort the measurement of the
impact of the new water system. For example, taeae for reduction in water consumption
can be due to fixing leaking toilet and not du¢h® water system change

Despite of all this we do not measure unintentiynednsumed water due to following
reasons:

B Most of leaking sources are nor relevant in teringaier consumption amount. Large
amount of leakages become easily apparent andkackih a short time. For example,
one leaking pipe can create such damage that rhbsuseholds would fix it at any cost.

B [eakages that are not fixed are not unintentioralysumed water; not fixing a leaking
pipe or toilet is an optimal decision of the housldrand a fair part of its total water
consumption
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Intentionally consumed leakages are small shatet@th water consumption.

Total Household Water Consumption.Total consumption is the sum of the items listed

above.

5.3QUALITY OF LIFE IMPACT CATEGORY

This Section describes the individual householdityuaf life Impact Category. Nearly all
Metrics in this area are of a pre-post nature;etlaee few Metrics that will permit the
reaching of any conclusions after just the basalingey.

Metrics describing the impact of the RID projectstbe quality of life of individual
households fall into eight groups (Impact Sub-Caties):

Health incidents — Metrics describing water safptiplic-health incidents and the
frequency of water-borne disease and householsisorese to them, including treatment
costs

Perceptions of safety of water and water and sewstems — do households trust
municipal and alternative sources of water and maatd sewer systems; how reliable is
the water delivery schedule

Perceptions of taste, smell, cleanliness and aflamater — independent of perceptions of
safety of the water

Public sanitation information — how the public bews aware of water and sanitation
issues

Individual sanitation practices — the frequencyt theividuals take baths, wash clothes
and perform other personal sanitation actionsdbpend on the availability of water and
attitudes toward sanitation

Time and inconvenience — how much time householahipees must spend dealing with
the inconvenience of not having reliable 24/7 water

Self-reported water consumption — how householdsaxsger including any conservation
efforts

Gender issues — amount of time women spend coogiegning and caring for children
and the impact of less than 24/7 water on thosesim

Each of these Impact Sub-Categories is discusstn ifollowing Sub-Sections.

Note that many of these Impact Sub-Categories wetref particular importance when the
RID projects were under consideration. For exantpkenew water systems were not
undertaken to improve individual sanitation praesicHowever, the new water systems may
nevertheless improve individual sanitation pradice
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5.3.1Health Incidents

The RID projects should improve the healthfulndssater; water should be freer of water-
borne disease and incidents of water borne disdamdd be less frequent. This Sub-Section
describes how the RID IEP will assess these impacts

Generally speaking, there are three ways the changealthfulness of water could be
assessed. First would be systematic pre-post guediting of the water itself. Second would
be public health records about the incidence ofsa$ water-borne disease. Finally, is self-
reporting of water-borne illness by households.headhese is discussed in the following
paragraphs.

Water Quality Testing. An excellent way to measure the impact of new wae sewer
systems on health would be through a comprehemgter testing program. Such a program
would comprise comprehensive testing before the stdhe new water system and then
continuous testing thereatfter.

Unfortunately, this gold standard approach is rssible for the RID IEP; we cannot
introduce new water testing protocols to the watgities. Consequently, the RID IEP will
rely on existing and prospective testing by theawatilities.

Water utilities in the RID cities currently test t@aquality according to a number of
protocols. Reportedly some of the testing is rédiand forms a good baseline. However, not
all utilities have comprehensive records. In additithe equipment used by all the water
utilities is old and will be replaced as part of fRID projects. Once replaced, water samples
that in the past would have been considered hedlthifjht not pass with the new testing
equipment, or vice-versa.

Consequently, past and current tests are notyatlable. Nevertheless, these test results are
the best available and the RID IEP will summargeent historical testing to provide a
baseline, although with the caveats noted.

Public-Health Records.A second source of baseline data on the incidehesater-borne
disease would be public-health records. Unfortupateappears that this is not a suitable
data source for the RID IEP. Reportedly, most gastestinal diseases are self-medicated and
not reported to doctors. Doctors, in turn, do retéha regular practice of reporting these
diseases to public health officials. Only in theecaf wide-spread outbreaks, thankfully rare,
do public health officials even become aware oépbal problems.

Consequently, there are no reliable public-heatords that could form a baseline for the
RID IEP.

Nevertheless, the RID IEP will meet with doctorsl @ablic health officials to gain a
qualitative understanding of the current publicitresituation vis-a-vis water supply; results
will be documented in a case study. This will beeated after the new systems go into
operation and changes will be noted.

Self-Reporting Of Health Problems.The RID IEP will rely on self-reporting of health
incidents by households to evaluate the impadi®RID projects on health. The following
chart shows the Metrics to be used for health sl in the last two weeks.
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44, Metrics Related To Health Incidents In Last Two Weés
VALUE FOR
FAMILY
CHILDREN
UNDER AGE 6
6 fawwd
MdgHmbo
DATA ELEMENT / METRIC UNIT 05333900
Number Of Individuals In HH indiv
Number Of Incidents Of Diarrhea Disease In HH In Last Two .
_— incidents
Weeks
Number Of Incidents Of Gastrointestinal Disease Other Than incidents
Diarrhea In HH In Last Two Weeks
Number Of Incidents Of Respiratory Disease In HH In Last incidents

Two Weeks

Perceived Likelihood These Incidents In Last Two Weeks
Were Caused By Water Borne Disease (vs. food or other
reasons)

% incidents

Number Of Incidents Where Other Family Members Also

work, education, leisure or other other activities)

Became Il In Last Two Weeks incidents
Number Of Incidents Where Neighbors Also Became Il In —
incidents

[Last Two Weeks
How Did HH Respond To The Incidents In Last Two Weeks .

. . List
(e.g., self-medicate, visit doctor)
Among All Incidents Combined, How Many Visits To The dr visits
Doctor Were Made In Last Two Weeks
Among All Incidents Combined, How Much Did HH Spend On GEL
Visits To The Doctor In Last Two Weeks
Among All Incidents Combined, How Much Did HH Spend On GEL
Drugs In Last Two Weeks
Among All Incidents Combined, How Much Did HH Spend On GEL
Things Other Than Drugs In Last Two Weeks
Among All Incidents Combined, How Many Days Were Lost
Due To Being Ill In Last Two Weeks (includes days lost of days

Source: RID IEP Analysis.

Data on health incidents will be collected by tgbdousehold member as shown in the
following list:

Children under age six
School-aged children
Healthy adult men
Healthy adult women
Elderly and infirm men

Elderly and infirm women.
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Young children are of special interest. On the loamed parents always provide the safest
potable water (bottled or boiled water) to them andhe other hand children are more
vulnerable to poor quality water.

The household is then asked to assess the likelinbthe sicknesses being due to bad water
quality rather than food or other causes. Whetliggrdamily members or neighbors also
became ill will be asked as well. Reportedly, mgastrointestinal illness is caused by tainted
food than by water. These questions will attemptistinguish between these two causes,
primarily by seeing how members of the same houdedrad neighbors do or do not all have
the same illness at the same time.

The response by the household to the gastroinatslisease incident is then evaluated. A list
of treatment options are given to respondentsgortevhether they went to doctor, self-
medicated or something else. If the doctor wasedsihen the number of visits is asked.

Next monetary costs are determined for doctorggsland other items. Finally, the number of
days of work or school lost to the incidents iseabk

The previous chart showed questions for the lastweeks. The same questions will be asked
for incidents over the past year.

5.3.2Perceptions Of Safety And Adequacy Of Water And Sear Systems

This Sub-Section discusses perceptions of safetyatdr and the water and sewer systems.
Perceptions are included for both municipal watet water from alternative sources,
excluding bottled water (which is assumed to besthadard against which to measure other
waters). All perceptions are judgmental by the letwosd.

Water quality varies by season so questions retateérceptions of safety are framed for the
high, shoulder and low seasons. The definitiorhefttigh season (and the other seasons as
well) varies by RID city.

Perceived Safety Of WaterAs shown in the following charts, the water soarttee

household uses for potable purposes is first detearalong with treatment, if any, applied
before consumption. Quantity of water used for ple@urposes each day is determined. This
is followed by whether the household does or waliidk municipal water today; this is the
acid test of perception of water safety. The pdroamf variability of the safety of municipal
water now is then queried. The perception of sadétypunicipal water five years ago and ten
years ago is then asked.

The same Metrics for alternative water sourcesib® asked.
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45. Metrics Related To Sources Of Potable Water

DATA ELEMENT / METRIC UNIT
Length Of Season (weeks) wk
Potable Water Source For Children Under Age 6 List
Potable Water Source For Children Of School Age List
Potable Water Source For Healthy Adults List
Potable Water Source For Elderly And Infirm Adults List
Distance From HH To Nearest Potable Water Source m

Source: RID IEP Analysis.

46. Metrics Related To Perceived Safety Of Municipal Weer

DATA ELEMENT / METRIC UNIT

Length Of Season (weeks) wk
HH Drinks Municipal Water Straight From The Tap (without List
treatment)
HH Drinks Municipal Water Only After Treatment List
HH Never Drinks Municipal Water List
How Municipal Water Used For Potable Purposes Is Treated List
Before Use
Number Of Liters Of Municipal Water Treated For Potable |
Purposes (liters per person per day)
Perception Of Average Safety/Adequacy Within Season Of Scale
Municipal Water This Year
Perception Of Day-To-Day Variability In Safety/Adequacy Scale
Within Season Of Municipal Water This Year
Perception Of Average Safety/Adequacy Within Season Of

. . Scale
Municipal Water Five Years Ago
Perception Of Average Safety/Adequacy Within Season Of Scale
Municipal Water Ten Years Ago

Source: RID IEP Analysis.

Perceived Safety Of Sewer Systenihe previous chart shows Metrics related to the
perceived safety of water systems. There are Sesafiety-related Metrics for the sewer
system as shown in the following chart. The frequyeasf bad smells from the sewer, either in
the home or on the street is determined; insufficieater in the sewer system can causes bad
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smell in the home or on the street. The same gquestre asked about the municipal sewer
and alternative sewer systems.

47, Metrics Related To Perceived Safety Of Sewer SystenAnd Satisfaction
DATA ELEMENT / METRIC UNIT
Length Of Season (weeks) wk
Distance From HH To Nearest Proper Toilet m
Perception Of Safety/Adequacy Within Season Of Municipal Scale
Sewer System Within Your Household
Perception Of Safety/Adequacy Within Season Of Municipal
o . Scale
Sewer System Within Your Neighborhood
Alternative Sewer System (if any) List
Perception Of Safety/Adequacy Within Season Of Alternative Scale
Sewer System Within Your Household
Perception Of Safety/Adequacy Within Season Of Alternative Scale
Sewer System Within Your Neighborhood
Number Of Days Per Week Within Season When Sewer davs/wk
Smells Within Your Household Y
Number Of Days Per Week Within Season When Sewer davs/wk
Smells Within Your Neighborhood Y
Overall Satisfaction With Municipal Sewer Services Scale
Overall Satisfaction With Alternative Sewer System Scale
DATA ELEMENT / METRIC UNIT
Time In High Season With Any Municipal Water (water at hr/da
even a very low pressure) Y
Time In High Season With Pressurized Municipal Water hr/da
(such that a pump is not needed) Y
Time In Shoulder Season With Any Municipal Water (water hr/da
at even a very low pressure) y
Time In Shoulder Season With Pressurized Municipal Water
. hr/day
(such that a pump is not needed)
Time In Low Season With Any Municipal Water (water at hr/da
even a very low pressure) y
Time In Low Season With Pressurized Municipal Water (such
- hr/day
that a pump is not needed)

Source: RID IEP Analysis.

Water Delivery Schedule.There are few locations in the RID cities with &ra24/7. The
situation will improve when the new water systeragib operation, but even then it is not
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expected that water will be available 241The following charts show the Metrics that will
characterize the water delivery schedule for irdiial households. These Metrics will be
determined for each day of the week.

48. Metrics Related To Municipal Water Delivery Schedué

DATA ELEMENT / METRIC UNIT
Time In High Season With Any Municipal Water (water at even hr/da
a very low pressure) Y
Time In High Season With Pressurized Municipal Water (such
. hr/day
that a pump is not needed)
Time In Shoulder Season With Any Municipal Water (water at hr/da
even a very low pressure) y
Time In Shoulder Season With Pressurized Municipal Water
: hr/day
(such that a pump is not needed)
Time In Los Season With Any Municipal Water (water at even hr/da
a very low pressure) y
Time In Low Season With Pressurized Municipal Water (such
. hr/day
that a pump is not needed)

Source: RID IEP Analysis.

2 |n the past, poor water delivery schedules wetenahe result of an unreliable electricity supgliis
problem has been largely overcome. Now the lindtattn supply schedules is usually water leaksen th
distribution pipes; if water is provided 24/7 thiée quantity of water lost to leaks will be veryga. The RID
projects will replace many but not all leaking gip€onsequently, there will still be a need to ptewvater for
less than 24/7 in order to manage the overall lefralater lost to leaks in the distribution systdarhe overall
effect of this will likely be that private wells go out of service but that water storage tamkater tank filling
pumps and distribution pumps will continue to bedus
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49. Metrics Related To Reliability Of Municipal Water D elivery Schedule And Satisfaction

DATA ELEMENT / METRIC UNIT
Length Of Season (weeks) wk
Reliability In Season Of Municipal Water Schedule (water at Scale
even a very low pressure)
Reliability In Season Of Pressurized Municipal Water Schedule
: Scale
(such that a pump is not needed)
Maximum Days In Season HH Can Go Without Any Municipal
days
Water (water at even a very low pressure)
Maximum Days In Season HH Can Go Without Pressurized davs
Municipal Water (such that a pump is not needed) Y
Longest Period (number of days) In Season Without Municipal days

Water Over Past Year

Extent To Which Water Storage (coping strategy) Has
Eliminated The Inconvenince of Not Having Pressurized Scale
Municipal Water 24/7

Overall Satisfaction With Municipal Water Schedule
(frequency and length of water under pressure)
Overall Satisfaction With Municipal Water Schedule
Reliability

Source: RID IEP Analysis.

Scale

Scale

5.3.3Perceptions Of Organoleptic Properties Of Water

The previous Sub-Section included perceptions fetgaf water. This Sub-Section concerns
perceptions of taste, smell, cleanliness and adlarater, independent of its safety.

Metrics concerning organoleptic properties of boilmicipal water and water from
alternative sources (excluding bottled water) & in the following chart.
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50. Metrics Related To Perceived Taste, Smell, Cleankass And Color Of Water
DATA ELEMENT / METRIC UNIT
Length Of Season (weeks) wk
Perception Of Taste In Season Of Municipal Water Scale
Perception Of Taste In Season Of Alternative Source Water
) Scale
(excluding bottled water)
Perception Of Smell In Season Of Municipal Water Scale
Perception Of Smell In Season Of Alternative Source Water
. Scale
(excluding bottled water)
Perception Of Cleanliness (absence of dirt or floating particles)
- Scale
In Season of Municipal Water
Perception Of Cleanliness (absence of dirt or floating particles)
In Season Of Alternative Source Water (excluding bottled Scale
water)
Perception Of Color In Season of Municipal Water Scale
Perception of Color In Season Of Alternative Source Water
) Scale
(excluding bottled water)
Overall Satisfaction With Physical Features Of Municipal Scale
Water
Overall Satisfaction With Physical Features Of Alternative
Scale
Source Water

Source: RID IEP Analysis.

5.3.4Public Sanitation Information

There is general acceptance that water manageswites that consumers have sufficient
information on water- and sanitation-related issiiéss information is typically supplied by
water utilities or public health departments. Tokolwing chart shows Metrics related to
communication of this type of information. It igdly that the level of public sanitation
information will be low.
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51. Metrics Related To Communication Of Sanitation- AndWater-Related Information
DATA ELEMENT / METRIC UNIT
Time Since HH Last Received Information On The Public mo
Health Benefits of Good Water And Sewer Systems
Time Since HH Last Received Information On Proper Water
. . mo
And Sewer Hygiene Practices
Time Since Any One School Age Child Last Received
o 2 mo
Sanitation Training In School
Extent To Which HH Follows Recommended Hygiene
. Scale
Practices
Overall Satisfaction with Level Of Knowledge About Proper Scale
Water And Sewer Hygiene Practices
Time Since HH Last Received Information On The Water And
. . mo
Sewer Tariff-Setting Process
Level Of Knowledge About How The Municipal Water Bill Is
Scale
Calculated
Level Of Knowledge About How The Municipal Sewer Bill Is
Scale
Calculated
Overall Satisfaction With Level Of Knowledge About Water Scale
And Sewer Tariffs And Bills
Time Since HH Last Received General Information On Nature mo
Or Frequency Of Water Testing
Time Since HH Last Received Information On A Specific And
mo
Relevant Water Test
Overall Satisfaction With Level Of Knowledge About Water
. Scale
Testing
Time Since HH Last Received Information On Water mo
Conservation (importance of or methods to do)
Overall Satisfaction With Level Of Knowledge About Water
. Scale
Conservation Methods

Source: RID IEP Analysis

Individuals are first asked about the frequenckegtiving information on the health aspects
of water and sewer systems, how to improve heditbfis and education of children on
sanitation issues. Then they are asked aboutkhewledge of the tariff setting process and
how their water and sewer bills are calculatecormiation on water testing generally or
related to specific incidents is then assessedllimformation on conservation efforts is
questioned.

5.3.5Individual Sanitation Practices

There are a number of sanitation activities thatratated to both water availability and
general sanitation practices. The following chhdvgs Metrics for measuring these
individual sanitation activities.

Metrics are determined for individual householdsbgson. Metrics include measures of
frequency of showers and baths, hand washing @mthwithout soap), laundry, changes of
clothing, washing of floors, cleaning of bathrooamsl kitchens and how long dishes and pots
are left unwashed.
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52. Metrics Related To Individual Sanitation
DATA ELEMENT / METRIC UNIT
Length Of Season (weeks) wk
Number Of Individuals In HH indivs
Number Of Baths/Showers Taken Each Week Among All
. _— baths/showers
Inhabitants
Number Of Individuals Who Do Not Wash Hands Before -
_ indivs
Nearly Every Meal
Number Of Individuals Who Wash Hands With Water Only -
indivs
Before Nearly Every Meal
Number Of Individuals Who Wash Hands With Soap And indivs
Water Before Nearly Every Meal
Number Of Individuals Who Do Not Nearly Always Wash indivs
Hands After Using Toilet
Number Of Individuals Who Nearly Always Wash Hands With indivs
Water Only After Using Toilet
Number Of Individuals Who Nearly Always Wash Hands With indivs
Soap And Water After Using Toilet
Number Of Loads Of Laundry Done Each Week Among All
. loads/wk
Inhabitants
Number Of Changes Of Clothing Worn Each Week Among All
. changes/wk
Inhabitants
Number Of Times Floors Are Washed Each Week #iwk
Number Of Times Bathrooms Are Thoroughly Cleaned Each
#Iwk
Week
Number Of Times Kitchen Is Thoroughly Cleaned Each Week #iwk
Number Of Times Water Buckets Or Other Moveable #hwk
Containers Are Cleaned Each Week
Average Time Between Finishing A Meal And Dishes And Pots min
From Meal Being Washed

Source: RID IEP Analysis.

A number of Metrics are asked about sanitation itams at schools and among children as
shown in the following chart. If needed we willlfmlv up with individual schools if this
information is not available from parents.
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53. Metrics Related To Sanitation Conditions At Schools
DATA ELEMENT / METRIC UNIT
Names Of School Where Youngest School Age Child Attends Text
Type Of Toilets For Students In School List
Separate Toilets For Girls And Boys List
Availability Of Water In School Toilet List
Availability Of Soap In School Toilet List
Sources Of Potable Water At School List

Source: RID IEP Analysis.

5.3.6Time And Inconvenience Of Less Than 24/7 \Water

Households spend significant time dealing withitttwnveniences caused by unreliable
water supplies. The following chart shows the Mustthe RID IEP will use to assess these
times. The first four Metrics duplicate those cdesed in the Cost And Time Impact
Category discussed earlier in this Chapter. Howeaasepart of Quality Of Life these Metrics
will be determined by gender and age of househ@uhber.

Data will be collected by gender and age becaysatexdly there are differences in the
amount of time that men and women must spend dgwlith the inconveniences. Family
member types are young children, school-age cm|drdult women, adult men, elderly and
infirm women and elderly and infirm men.
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54. Metrics Related To Time An Inconvenience Coping Wh Less Than 24/7 Municipal Water

DATA ELEMENT / METRIC UNIT

Time Spent Managing Water Supply System hr/wk
Time Spent Treating Water Just Before Use hr/wk
Time Spent Managing Sewage System hr/wk
Time Spent Gathering Water From Spring Or Distant Source hr/wk
Time Spent Dealing With Inconveniences Of Less Than 24/7

- hr/wk
Municipal Water
Total Time That Would Be Made Available For Other hr/wk
Activities If Municipal Water Was Available 24/7
Level Of Non-Time Inconvenience From Having Less Than List
24/7 Municipal Water
Most Likely Use Of Newly-Available Time If Municipal Water List
Was Available 24/7
Second Most Likely Use Of Newly-Available Time If Municipal List

Water Was Available 24/7
Source: RID IEP Analysis.

Time spent managing local infrastructure is fistessed; this includes private water wells
and storage tanks. Time spent treating wagey, (boiling) is then assessed. Then time spent
acquiring water from distant sourcesd, public tap, spring) is determined. The amount of
additional time spent on inconveniences is theessexl. The overall inconvenience for
different household members is then determinededlsas what each member would do with
the newly-freed time when the new water systemabageration.

5.3.7Self-Reported Water Consumption And Conservation

The following chart shows Metrics related to watensumption as reported by the
household® The distribution of consumption by use is firskes The method the household
uses for water remaining in a water storage tandnatew water becomes available is
covered next® The frequency of leaks and their costs are thaluated. Finally, activities
undertaken to reduce water consumptiag, (Conservation) are assessed.

%5 A more precise water audit was described in thalM®ewer And Water Costs Impact Category.
26 Reportedly a great deal of water is drained froentank, and wasted, before the tank is refilled.
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55. Metrics Related To Self-Reported Water ConsumptiorAnd Conservation

DATA ELEMENT / METRIC UNIT
Portion Of Water That Comes From Municipal Water System %
Portion Of Water That Comes From Alternative Sources %
Portion Of Water That Is Used For Domestic Purposes %
Portion Of Water That Is Used For Garden Purposes %
Portion Of Water That Is Used For Domestic Pets %
Portion Of Water That Is Used For Farm Animals %
Portion Of Water That Is Used For Economic Purposes %
Portion Of Water That Is Lost To Leaks %

Portion Of Water That Is Disposed Of When Water Storage
Tanks Are Re-Filled

Strategy Used For Water In Water Storage Tank When Fresh

%

Water Is Available List
Frequency Of Leaking Pipes In HH Water System List
Cost Of Repairs To Leaking Pipes In Last Year GEL
Frequency Of Leaking Fittings In HH Water System List
Cost Of Repairs To Leaking Fitting In Last Year GEL
Water Use Reduction Or Recycling Methods Used At Present List

Source: RID IEP Analysis.

5.3.8Gender Issues

Women are typically responsible for significant werithin the home, in addition to perhaps
working outside the home. The following chart shakes Metrics to be determined on these
uses of women’s time. The Metrics will be determdif@r each type of household member
(i.e., young children, school-age children, adult wonatult men, elderly and infirm women
and elderly and infirm men).
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56. Metrics Related To Work Inside And Outside The Home
VALUE FOR FAMILY MEMBER
960336905md5 mpsbols
HEALTHY HEALTHY
ADULT MEN |ADULT WOMEN
X563GMNgmo X563GMNgmo
BOELOMWo | DOELOWmO
DATA ELEMENT / METRIC UNIT 9505353990 Jsaemdo

Time Spent On Cooking hr/wk

Time Spent On Caring For Children (not play) hr/wk

Time Caring For Sick HH Members (sick from water borne

. hr/wk

disease)

Time Spent On Cleaning Around HH hr/wk

Time Spent On Other Domestic Chores hr/wk

Time Spent Working Outside The Home hr/wk

Source: RID IEP Analysis.

We will also inquire about perceptions regardingiggvis-a-vis water and sewer systems as

shown in the following chart.

57.

Perceptions Of Gender Equity Vis-A-Vis Water And Sever Services

AMONG GROUP OF WOMEN

Not Having Municipal Water 24/7 Between Men And Women

HEALTHY
ADULT WOMEN | ELDERLY AND
HEALTHY x568Gmngmo INFIRM
YOUNG BOHOILOWO WOMEN
DATA ELEMENT / METRIC UNIT WOMEN (12-18) Jsemgdo 31530560 Jogrgdo
Perception About Equity Of Access To Water Between Men
—_— Scale
And Women
Perception About Equity Of Access To Sanitation Between
Scale
Men And Women
Perception About The Level Of Privacy In Access To
S E— Scale
Sanitation
Perception About Equity Of Sharing Of Inconvenience From Scale
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6 INDIVIDUAL FIRMS IMPACT GROUP

This Chapter describes the portions of the Impaeluation Design related to individual
firms at the micro-level. As described in Chaptein®acts on individual firms are divided
into two Impact Categories €., Total Water And Sewer Costs, Business Enable)izen
further divided into Impact Sub-categories as showthe following chart. The final column
shows one representative Metric for each ImpactGatiegory.

There are a number of Primary Metrics (not theespntative Metrics shown in the chart)
that drive the sample sizes for the individual sys/ The Primary Metrics are defined in
Chapter 11 as part of treatment and control.

58. Impact Hierarchy For The Individual Firms Impact Gr oup
IMPACT SUB- REPRESENTATIVE METRIC FOR IMPACT SUB-
IMPACT GROUP | IMPACT CATEGORY CATEGORY CATEGORY ("Change in ...")

Total Annualized Semi-Variable And Annual Variable Cost

LIPS Of Water And Sewer

Total Water And

Ratio Of Current To Future Water And Sewer Costs
Sewer Costs

Willingness To Switch

Individual Firms Water Consumption Water Quantity Content Per Unit Produced

Expand Existing

Business Opportunity Cost Of Coping

USSR Ratio Of Current And Future Fixed Costs Of Entering A New

Enter New Business .
Business

Source: RID IEP Analysis.

As described in Chapter 5, time that individual $ehwlds spend coping with less than 24/7
water is reported on but no value is imputed. Cqueatly, the individual households Impact
Group has an Impact Sub-Category called coping.tintevidual firms also spend time
coping with less than 24/7 water, but in this dagetime is spent by paid staff. Consequently,
the value of the coping time (the wages paid) ackided in monetary costs and there is no
separate coping time Impact Sub-Category.

As noted in Chapter 2, three of the five analytimo@thods are used to evaluate impact on
individual firms as shown in the following chart.

59. Analytical Methods Used For The Individual Firms Impact Group
ANALYTICAL METHOD USED
IMPACT SUB- BASLINE AND EX- | TREATMENT AND MICRO-SIMU-
IMPACT GROUP | IMPACT CATEGORY CATEGORY POST SURVEY CONTROL MICRO-MODELS | SAMs AND CGE LATION CASE STUDIES
Monetary Costs \/ \/
Total Water And e q
Sewer Costs Willingness To Switch \/ \/
Individual Firms Water Consumption \/ \/
Expand Existing
q Business \/ \/
Business Enablers
Enter New Business \/ \/

Source: RID IEP Analysis.

The first Section of this Chapter describes thnesrall impact Metrics for the individual
firms Impact Group. There are many Metrics relatesnpact on individual firms. However,
the three Metrics discussed in the first Secti@rapresentative of what will be in the
executive summary of the final report of the RIDPIE

The second Section of this Chapter concerns tléwatter and sewer costs Impact Category

where we discuss the micro-model that appliesdovidual firms. This model specifies the
precise Metrics and Data Elements for individuah8. The third Section turns to the
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business enablers Impact Category including expaisding businesses and enter new
businesses.

6.1 O0VERALL IMPACT FOR INDIVIDUAL FIRMS GROUP

Individual firms are one of six Impact Groups iniefhoverall impact from the RID projects
will be reported. Considering the Key Research @oes and what the RID IEP knows about
the impact of water systems on individual firms RID IEP will report the following
summary Metrics (impacts) for the individual firhmspact Group. A variety of reporting
groups will be usede(g, overall, by individual city, by firm type). Notbat many more
Metrics related to the individual firms Impact Gpoare discussed in the remainder of this
Chapter.

60. Summary Metrics For The Individual Firms Group
MEAN FOR REPORTING GROUP
SUMMARY METRIC OTHERS AS
(Change In ...) OVERALL CITY X FIRM TYPE Y DESIRED
Total Annualized Semi-Variable And Annual Variable Cost Of
Water And Sewer

Water Value Content Of Each Unit Produced

Implicit Annual Water Consumption From Municipal An d
Alternative Sources

Source: RID IEP Analysis.

We will also report confidence intervals for theaneof each reporting group as well as other
measures of distribution of values among individuats in the reporting group. The values
reported will be based on the Treatment and Coaspécts of the Designd., difference of
differences) discussed in Chapter 11.

Each of the summary Metrics is described furtheéhanfollowing paragraphs.

Total Annualized Semi-Variable And Annual Variable Cost Of Water And Sewer.The

first Metric equals the total spending by firmswater and sewers services including
municipal water (at tariff rates) and variable e@pcosts €.g, electricity to run a water well
pump). Values come from the detailed micro-modehdividual firms discussed in the next
Section of this Chapter.

The pre-post change in this summary Metric reprssiie direct monetary impact on firms of
the RID projects. If the Total Expenditure fallscerfirms have access to the new water and
sewer systems then one can expect firms to voliyngavitch from alternative sources of
water and sewer service to the (new) municipal mneate sewer systems.

Water Value Content Of Each Unit Produced.The current cost of water divided by the
number of units produced gives this summary Melrieflects the importance of water in
the production process. The direction of moveméthie Metric after the new water systems
are available is not certain. It will depend onrades in tariffs and how firms change their
production methods when water prices change. Nasieds, it is likely that this Metric will
fall as municipal water is used and firms are ablese water more efficiently.
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The pre-post change in this summary Metric reprssiie savings (or additional cost) of the
new water and sewer systerfter considering tariff policies’

Implicit Annual Water Consumption From Municipal An_d Alternative Sources.

Currently firms use water from the municipal systamad a number of alternative sources.
This Metric combines current municipal water usagj& estimates of alternative source
usage to give a total consumption level. As witn phevious summary Metric, it is not certain
which direction this Metric will move once the nevater systems begin operation.
Consumption may fall because prices (tariffs) 8e.consumption may rise since better and
more reliable water permits the business to expaéine.Metric includes the word “implicit”
because it is not possible to measure the amouaitevhative water used precisely; we will
depend on estimates by firms.

The pre-post change in this Metric represents tiaage in water consumption due to the new
water and sewer systems.

6.2 TOTAL WATER AND SEWER COST IMPACT CATEGORY

Individual firms have responded to unreliable watea variety of ways. All these methods of
coping with unreliable water create costs for firosnpared to a situation where there is
municipal water 24/7. This Section describes thedidual firm coping strategies and
related costs. This Section considers both murieypger and sewer costs since the
(potential) reduction in total water and sewer sgabwever supplied) is what will provide
the economic motivation for individual firms to deh to the new water and sewer systems.

The individual firm micro-model gathers togethdrthé various factors that affect total water
and sewer costs for individual firms. Dependingloa coping strategy used by a particular
firm, some elements of the micro-model will not Bpphese sections of the model report
zero coping costs in this case. The micro-mod&udised here is a generalization of nine
individual models that were prepared by the RID f&Rdifferent industries in different RID
cities. The generalization step complicated thaltes) model but did not remove any detail
of the industry- and city-specific models.

Given the intensity of water usage and a partictbgning strategy, it is more or less
straightforward to estimate total water and sewstscfor an individual firm. Coping costs
are largely determined by the coping strategy amdsethe firm, which in turn is determined
by several factors. Average length of water suigpér day, per week), the technical
possibility of digging a well or the proximity dfe firm to a natural spring are important
factors influencing the coping strategy selectigrite firm.

The individual firm micro-model considers all thessible coping strategies used by firms in
the RID cities and categorizes coping costs intedj semi-variable and variable costs.
Variable costs include staff hired to manage theemand sewer systems. The micro-models
were designed on the basis of exploratory intergienth a broad range of firms.

2T tis likely that real costs will fall if firms pathe actual cost of water. However, if there amss subsidies in
the tariff (.e., firms pay more per frso households can pay less) then it is possiblecthsts for firms will
actually rise once the new water and sewer sysfantstariff) begin operation.
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This Section has seven Sub-Sections. The firstridbescthe range of coping strategies used
by individual firms. These are defined in some Hdptensure a common understanding of
their meanings.

The next three Sub-Sections discuss fixed, senmbiarand variable costs for individual
firms at a summary level. The detailed calculatjdvistrics and Data Elements in the micro-
model are shown in Appendixes H, L and M. The fellly Sub-Section combines the costs
into annual water and sewer costs.

The last Sub-Section describes the economic wilkisg of individual firms to switch to the
new water and sewer systems. It calculates abativeen current and future total water and
sewer costs. The larger the ratio the more firnissave by switching and the higher the
likelihood that they will actually switch.

6.2.1Coping Strateqgies

Preparatory interviews with firms identified a bdo@nge of coping strategies used by firms
because they do not have municipal water 24/7.l)eaery firm has a coping strategy of
one type or another. In many cases firms use nhare dne coping strategy at the same time.
To the end, coping strategies are related to impgothe municipal water supplg.@, storing
municipal water for later use) or creating an alédive source of watee(g, a private water
well), improving sewage arrangements or all three.

Given the nature of the business and the importaheeater for efficient operations, firms
make decision whether to develop an alternativecgoof water supply or rely only on
municipal water and alternatively create a stofag#ity to smooth water consumption.
Large hotels in Kobuleti, for example, use limitadounts of municipal water and utilize
their own private water wells, while a brewery intisi depends only on municipal water
since water from a private well can not be usegfoduction purposes.

There are five broad Coping Need Areas with sewesthods within each as shown in the
following chart. Textual comments about the featwkeach Coping Need Area follow along
with an example of how hotels combine a numbeopirtg methods.
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61. Coping Methods Used By Individual Firms
COPING
NEED AREA METHODS FEATURES
Municipal Water Connection Municipal water connected to water storage tank, directly to firm or both
Water Well Private water well; electric well pumps
Water ) I :
Supply Spring Or Other Distant Source Headworks; long supply pipe; maybe transport pumps
Tanker Truck Water Water brought to firm in large increments; always placed in some type of water storage tank
Bottled Water Very low usage; for drinking purposes only
oI Reliable municipal water, private spring or other distant source can obviate the need for local
water storage
Water . . e
Storage Elevated Water Storage Tank Small to large tank; often requires pump at inlet to fill fill the tank from water source
Ground-Level Water Storage Tank Open or closed metal or concrete tank; requires some type of pressurizing pump at outlet
Wellhead Filters Present at the wellhead; filters water coming from the well
Water Filters
In-Line Filters Present after all water sources converge; filters water from all sources
Gravity Fed System Needs elevated water storage tank
Water = — = —
Distribution |Pump-Pressurized System Esﬁd;&igtf; ?;?]L;nd-level water storage tanks; distribution pump to pressurize water as it exits
System age tar
Distribution Piping Pipes leading from water storage tank to a connection with the firm's internal water system
Municipal Sewer System Connection Connection to municipal sewer system
S Sewer Outfall Long pipe to river or sea; may require pump adjacent to firm or at outfall end-works
System o .
4 Sewage Storage Tank Steel or metal tank; distribution pumps and pipes
Sewer Tank Truck Connection for sewer truck to sewage storage tank

Source: RID IEP Analysis.

Water Supply. There are several potential sources of water dictuthe municipal water
system, water from a private water well, springexaianker truck water and bottled water.
One or more of these water sources are used byg.fifethnical means include private water
wells, well pumps, head works and piping.

Water supply has a sense of obtaining a fixed velofiwater each day without considering
the temporal pattern of usage. Supply could be @846he hour every two days. In both cases
the source and quantity of water supplied is whanportant. The means of ensuring access
to water 24/7 is discussed next in the contextatewstorage.

Water Storage.Firms use a variety of ways to store water onsit¢hey have access to
water 24/7. Technical means include storage tamks €levated or ground tanks, steel or
concrete tanks), pumps used for filling storagé&gaor pressuring water for use and piping
that connects the tank to the water supply.

Water Filters. To ensure the quality of water, firms use watkers. These incur a fixed cost
at time of installation and continuing semi-varebbsts to maintain and replace the filter.
Firms utilizing private water wells usually useiltef to ensure that clean groundwater enters
the distribution system or a tank. Firms also havether type of filter built in a tank, which
requires cleaning from time to time.

Water Distribution System. The water distribution system utilized by the fidepends
mainly on the water source and storage facilitav@y fed systems use elevated tanks that
require pumping water when tanks are being fill@dce the elevated tank is full, no
additional pumping is required and water flowshe building or production facility with
gravity flow.
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Unlike elevated tank, ground-level water storaggimes pumping when water exits the tank
for consumption purposes. This is done to presswvter for use. Pump-pressurized systems
require little pumping while filling the water stage tank.

Regardless of the type of distribution system, $imeed to set up pipes connecting water
storage tanks with the internal water system.

Sewers Another source of trouble for firms is the sewetwork, especially for hotels. Due to
insufficient capacity and outdated infrastructubhe sewer network is often out of order.
Firms may have connections to the municipal seystes, a private sewage storage tank or
a private outflow pipe ending in a river or the.dé#he firm does not have a connection to
the municipal sewage system then sewage tankdsstare used to periodically empty the
sewage storage tank.

Hotel Example. Hotels in Kobuleti, on the Black Sea coast, arexample of all of these
coping strategy elements. Hotels are usually sagplith municipal water. However, this is
done with limited schedules and low water presslmenaintain high quality service, hotels
install a tank, which stores water when the wat@ipsy is turned on by the water utility.
Tanks vary in size, depending on the size of thelhtm order for water to reach the tank, the
hotel uses a tank filling pump, which ensures kbnatpressure municipal water reaches the
storage tank. Once the tank is filled, anotherithgtion pump (in the case where the tank is
not elevated) ensures that water reaches highsfloiothe hotel with sufficient pressure.

During the peak season, water usage is very highramicipal water is not sufficient to
ensure a sufficient amount of water, even with llecater storage. For this reason, hotels have
dug private water wells as an alternative sourcaupply. A water well pump is used to get

the water from the well to the storage tank. Thaesdistribution pump as for the municipal
water, takes water to high floors.

All the pumping noted here is expensive. In additizotels have to hire a person who takes
care of the water system and ensures that pumpgsraed on and off properly.

6.2.2Water And Sewer Fixed Cost

Fixed costs are costs incurred for building iniater and sewer infrastructure. Fixed costs
are incurred only once and then they are sunk codéss the firm makes a major capacity
upgrade or a radical change in their coping stsatégamples of these types of costs are fees
to connect to the municipal water system, privasgewwell construction costs and pump and
tank purchase costs.

The following chart shows the fixed water and sewgsts that individual firms may incur.
Not all individual firms incur all or even any dfdse costs. Generally, any fixed costs other
than connection to the municipal water and sewstesys would be considered to be coping
costs — costs incurred by the firm because theametiseliable water 24/7.
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62. Individual Firm Water And Sewer Fixed Cost
CALCULATION DATA ELEMENT / METRIC UNIT VALUE
Fixed Cost Of Municipal Water Connection GEL 1200
Fixed Cost Of Municipal Sewer Connection GEL 1400
Total Non-Coping-Related Fixed Cost For Water And GEL 2600
Total Non-Coping-Related Fixed Cost For Water And Sewer
Sewer = Fixed Cost Of Municipal Water Connection + -
Fixed Cost Of Municipal Sewer Connection Fixed Cost Of Water Well System GEL 5115
Total Coping-Related Fixed Cost For Water = Fixed C  ost Fixed Cost Of Spring Or Distant Water Source System GEL 9415
Of Water Well System + Fixed Cost Of Spring Or Dist  ant Fixed Cost Of Outside W S S GEL 860
Water Source System + Fixed Cost Of Outside Water " RS WRIE? SRS SPEiEi
Storage System + Fixed Cost Of Water Distribution ; -
System + Fixed Cost Of Inside Water Storage System  + Fixed Cost Of Water Distribution System GEL 2160
IFEE .COSt S BUCketS Cur) Qe Mqvable Welreie - @2 Fixed Cost Of Inside Water Storage System GEL 125
Containers + Fixed Cost Of Water Filters
Fixed Cost Of Buckets And Other Movable Water Storage GEL 50
Total Coping-Related Fixed Cost For Sewer = Fixed C  ost [Containers
Of Sewage Storage System + Fixed Cost Of Sewage Fixed Cost Of Water Filters GEL 300
Outfall System
Total Coping-Related Fixed Cost For Water GEL 18 025
Total Fixed Cost Of Water And Sewer = Total Non-Cop  ing-
Related F!xed Cost For Water And Sewer + Total Copi NG~ |Fived Cost Of Sewage Storage System GEL 6750
Related Fixed Cost For Water + Total Coping-Related
Fixed Cost For Sewer Fixed Cost Of Sewage Outfall System GEL 14 800
Total Coping-Related Fixed Cost For Sewer GEL 21 550
Total Fixed Cost Of Water And Sewer | GEL | 42 175 |

Source: RID IEP Analysis.

For this particular firm (a large hotel) the tdfiaed coping costs at the time the hotel was
constructed was about 42 000 GEL, of which neadl9d0 GEL wouldhot have been

incurred if municipal water was available 24/7al§imilar hotel was to be constructed after
the new water and sewer system is in operatiompiheremaining non-coping-related fixed
costs would be 2 600 GEL. This represents a 40@&B0 reduction in the barriers to entry for
new large hotels. Interestingly, the existing hetdl be at a competitive disadvantage to the
new hotel because the existing hotel has alreaglytdpe 40 000 GEL; it is a sunk cost and it
cannot be recoveréd.

Each of the fixed costs shown in the precedingtabar Metric that is calculated from a
number of Data Elements. The following chart shawsxample of such a calculation for a
water well*®

2 n theory, some equipment could be sold. Howewdhe face of good access to municipal water likiedy
that much existing equipment will have minimal valu

29 |n charts from the micro-models the green celihavalue column are numbers collected from irttligi
firms or engineering firms (typically Data Elemetsbe collected) while yellow cells in the valugwmn are
numbers calculated by the micro-model (typicallytiis to be reported and analyzed further).
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63. Individual Firm Fixed Cost Of Water Well
CALCULATION DATA ELEMENT / METRIC UNIT VALUE
Year Of Constructing Wells 1960
Number Of Water Wells 1
Average Depth Of Water Wells m 65
Fixed Cost Of Water Wells = Number Of Water Wells *  ( . . .
Average Depth Of Water Wells * ( Unit Water Well Li  ning Uit e MRE) LORIGE) (R Gt e €
Ripe CO_St + Unit Water Well Digging And Well-Lining Unit Water Well Digging And Well-Lining Installation Cost GEL/m 35
Installation Cost ) )
§ Fixed Cost Of Water Wells GEL 2600
Fixed Cost Of Water Well Pumps = Number Of Water We I
P
Pumps * Unit Water Well Pump Cost Number Of Water Well Pumps 3
Fixed Cos_t Of Water Well System = Fixed Cost Of Wat er Unit Water Well Pump Cost GEL 700
Wells + Fixed Cost Of Water Well Pumps + Water Well
Electrical Control System Cost + Testing Of Water At Fixed Cost Of Water Well Pumps GEL 2100
Startup Cost
Water Well Electrical Control System Cost GEL 400
Testing Of Water At Startup Cost GEL 15
Fixed Cost Of Water Well System GEL 5115

Source: RID IEP Analysis.

Appendix H shows the detailed calculations of ygbess of fixed costs for individual firms
including related Metrics and Data Elements.

6.2.3Water And Sewer Semi-Variable Cost

These types of costs are typically driven by eitivae €.g, well refurbishment) or a large
volume of water obtained from a water soureg( tank refurbishment). In all cases semi-
variable costs are generally known to occur, bey thccur infrequently. For example,

replacement of pumps belongs to this cost catepeause exploitation defines its frequency

and they are replaced relatively infrequently.

For reporting purposes, semi-variable costs areaied {.e., the semi-variable cost is
divided by the expected number of years betweeuriimg the cost).

The following chart shows annualized semi-variatséger and sewer costs for an individual
firm. Not all individual firms incur all or even grof these costs. Generally, all the shown
semi-variable costs are coping costs — costs iaduyy the firm because there is not reliable

water 24/7.
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64. Individual Firm Semi-Variable Water And Sewer Cost
CALCULATION DATA ELEMENT / METRIC UNIT VALUE
Annualized Semi-Variable Cost Of Water Well System GEL/yr 950
... Spring Or Distant Water Source System GEL/yr 633
Total Annualized Semi-Variable Cost Of Water = . Outside Water Storage System GEL/yr B
Annualized Semi-Variable Cost Of Water Well System ~ + ... -
Spring Or Distant Water Source System + ... Outside o WELE ISR SyEEm CED 7
Water Storage System + ... Water Distribution Syste m + .Inside Water Storage System GELr 246

...Inside Water Storage System + ...Buckets And Oth er

Moveable Water Storagg Containers + ... Water Filter ...Buckets And Other Moveable Water Storage Containers GEL/yr 42
System + ... Water Testing

. . X ... Water Filter System GEL/yr 50

Total Annualized Semi-Variable Cost Of Sewer =

Annualized Semi-Variable Cost Of Sewage Storage ... Water Testing GEL/yr 30

System + Annualized Semi-Variable Cost Of Sewage

Outfall System Total Annualized Semi-Variable Cost Of Water GEL/yr 3 449

Total Annualized Semi-Variable Cost Of Water And Se  wer |annyalized Semi-Variable Cost Of Sewage Storage System GEL/yr 627

= Total Annualized Semi-Variable Cost Of Water + To tal

Annualized Semi-Variable Cost Of Sewer Annualized Semi-Variable Cost Of Sewage Outfall System GEL/yr 2375
Total Annualized Semi-Variable Cost Of Sewer GEL/yr 3 002
Total Annualized Semi-Variable Cost Of Water And Se  wer | GEL/yr | 6 451 |

Source: RID IEP Analysis.

Each year the hotel in the preceding chart incldSGGEL of semi-variable costs related to
water and sewer costs. These would be avoidednifcipal water was available 24/7.

Each of the Metrics shown in the preceding chactlsulated from a number of Data
Elements. The following chart shows an exampleuchsa calculation for semi-variable costs
for outside water storage systems.

65. Individual Firm Annualized Semi-Variable Cost For Qutside Water Storage System
CALCULATION DATA ELEMENT / METRIC UNIT VALUE
Annualized Semi-Variable Cost Of Outside Water Stor  age |Expected Time Between Outside Water Storage Tank
Tanks = ( Number Of Outside Water Storage Tanks * U  nit |Replacement Or Refurbishment r x
Outside Water Storage Tank Replacement Or .
Refurbishment Cost ) / Expected Time Between Outsid e Nialoey @ Quirls Weltey SiEegR TEile a
Water Storage Tank Replacement Or Refurbishment Unit Outside Water Storage Tank Replacement Or
- GEL 5000
Refurbishment Cost
Annualized Semi-Variable Cost Of Outside Water Stor  age |Annualized Semi-Variable Cost Of Outside Water Stor ~ age GELiyr 250
Tank Filling Pumps = ( Number Of Outside Water Stor  age |Tanks
Tank Filling Pumps * Unit Outside Water Storage Tan ~ k Expected Time Between Outside Water Storage Tank Filling 7 2
Filling Pump Replacement Or Refurbishment Cost ) / Pump Replacement Or Refurbishment Y
Expected Time Between Outside Water Storage Tank . -
- X Number Of Outside Water St Tank Filling P 2
Filling Pump Replacement Or Refurbishment umber Utside VWater wforage Tank Filing FUmps
Unit Outside Water Storage Tank Filling Pump Replacement
. . . . . GEL 400
Annualized Semi-Variable Cost Of Outside Water Stor ~ age |Or Refurbishment Cost .
Electrical System Replacement Or Refurbishment = Un it |Annualized Semi-Variable Cost Of Outside Water Stor  age GELiyr 400
Outside Water Storage Electrical Control System Tank Filling Pumps
Replacement Or Refurbishment Cost / Expected Time Expected Time Between Outside Water Storage Electrical r 2
Between Outside Water Storage Electrical System System Replacement Or Refurbishment Y
Replacement Or Refurbishment Unit Outside Water Storage Electrical Control System
. GEL 230
Replacement Or Refurbishment Cost
Annualized Semi-Variable Cost Of Outside Water Stor age |Annualized Semi-Variable Cost Of Outside Water Stor ~ age
. : GEL/yr 115
System = Annualized Semi-Variable Cost Of Outside Electrical System Replacement Or Refurbishment
Water Storage Tanks + Annualized Semi-Variable Cost ~ Of |Annualized Semi-Variable Cost Of Outside Water Stor ~ age GELAT 765
Outside Water Storage Tank Filling Pumps + Annualiz __ed |System Y

Source: RID IEP Analysis.

Appendix H shows the detailed calculations of ybets of semi-variable costs for individual
firms including related Metrics and Data Elements.

6.2.4Water And Sewer Variable Cost

Variable costs are costs incurred on a regulastzasl depend on the volume of water
obtained or amount of sewage produced. A typicahtsbe cost is electricity to run a pump.
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Variable costs include both coping-related costg,(running a private water well pump) and
non-coping-related costs.@, municipal water bill).

Water volumes and variable cost vary greatly byetohyear for seasonable businesgeg, (
hotels). Consequently, variable costs are sepgreadtulated for the high, shoulder and low
seasons and summed to an annual figure.

The following chart shows variable water and seeasts for individual firms. Sewage fees
are calculated in one of four ways for firms. Theger method will be used for each
individual firm.

66. Individual Firm Water And Sewer Variable Cost
VALUE
SEASON ANNUAL
CALCULATION DATA ELEMENT / METRIC UNIT HIGH SHOULDER LOW TOTAL
Length Of Season wks/yr 4,3 4,3 43,4 n.a.
Annual Variable Cost Of Water Well System GEL/yr 231 33] 133 398
... Spring Or Distant Water Source System GEL/yr 231 33 133 398
... Outside Water Storage System GEL/yr 277 231 200 709
Total Annual Variable Coping Cost Of Water = Annual
Variable Cost Of Water Well System + ... Spring Or Di ~ stant |... Water Distribution System GEL 238 159 1082 1478
Water Source System + ... Outside Water Storage Syste m
+ ... Water Distribution System + ... Inside Water Stor ~ age |[... Inside Water Storage System GEL/yr 166 139 120 425
System + ... Tanker Truck Water + ... Coping Related
Bottled Water + ... Manually Collected Water From Spr ing |- Tanker Truck Water GEL/yr 172 86 0 258
Or Other Water Source
... Coping Related Bottled Water GEL/yr 60 22 174 255
Total Annual Variable Cost Of Water = Total Annual ... Manually Collected Water From Spring Or Other Water
Variable Coping Cost Of Water + Annual Variable Cos  t Of |Source GELyr 36 24 122 182
Municipal Water . .
Total Annual Variable Coping Cost Of Water GEL/yr 14 12 726 1963 4102
Total Annual Variable Coping Cost Of Sewer = Annual
Variable Cost Of Sewage Storage System + ... Sewer Annual Variable Cost Of Municipal Water GEL 61 33 17 110
Outfall System + ... Sewage Tanker Truck )
Total Annual Variable Cost Of Water GELNyr 1473 759 1980 4212
Total Annual Variable Cost Of Sewer = Total Annual
Variable Coping Cost Of Sewer + Annual Variable Cos  t Of |Annual Variable Cost Of Sewage Storage System GEL/yr 192 131 1162 1484
Sewage Service
... Sewer Outfall System GEL/yr 654 370 2900 3924
Total Annual Variable Cost Of Water And Sewer = Tot ~ al
Annual Variable Cost Of Water + Total Annual Variab  le |- Sewage Tanker Truck GEL/yr 489 noo oy 500
Cost Of Sewer
Total Annual Variable Coping Cost Of Sewer GEL/yr 12 46 601 4161 6008
Annual Variable Cost Of Sewage Service GEL/yr 75 41 20 136
Total Annual Variable Cost Of Sewer GELNyr 1320 642 4182 6144
Total Annual Variable Cost Of Water And Sewer GEL/yr 2793 1401 6162 10 355

Source: RID IEP Analysis.

The variable costs shown in the preceding chaftolvdnge when municipal water becomes
available 24/7. Coping-related costsy, water tanker trucks) will fall or become zerohéxt
costs will rise, particularly the municipal waterdasewer bills. It cannot be assumed, a priori,
that total variable costs will fall once the newteraand sewer systems go into operatfon.
The direction of change in these costs will afteet willingness of firms to switch to the new
water and sewer systems.

Each of the Metrics shown in the preceding chactalsulated from a number of Data
Elements. The following chart shows an exampleuchsa calculation for variable costs for
sewage storage systems.

30 costs could rise because consumption rises (watiem24/7 there is a temptation to use more water)
because tariffs rise at the same consumptionoategth effects at the same time.
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67. Individual Firm Variable Cost For Sewage Storage Sstem
VALUE
SEASON ANNUAL
CALCULATION DATA ELEMENT / METRIC UNIT HIGH SHOULDER LOW TOTAL

Length Of Season wks/yr 4,3 4,3 43,4 n.a.
Annual Sewage Storage Pump Operating Hours = Length
Of Season * Number Of Sewage Storage Pumps Used * Number Of Sewage Storage Pumps Used 1 1 1 n.a.
Number Of Days In A Week Sewage Storage Pumps
Operate * Number Of Hours In A Day Sewage Storage Number Of Days In A Week Sewage Storage Pumps Operate days/wk 7 4 3 n.a.
Pumps Operate

Number Of Hours In A Day Sewage Storage Pumps Operate hr/day 5 &) 2 n.a.
Annual Variable Cost Of Sewage Storage Pumps = Annu  al
Sewage Storage Pump Operating Hours * Effective Pow  er [Annual Sewage Storage Pump Operating Hours hrlyr 151 52 260 463
Draw Of Each Sewage Storage Pump * Unit Electricity
Cost Effective Power Draw Of Each Sewage Storage Pump kw 6 6 6 n.a.
Annual Variable Cost Of Sewer Systems Management Annual Variable Cost Of Sewage Storage Pumps GEL/yr 9 2 32 160 284
Employees = Length Of Season * 12 / 52 * Number Of
Employees Devoted To Sewer Systems * Monthly Gross Number Of Employees Devoted To Sewer Systems 1 1 1 n.a.
Salary For One Employee

Monthly Gross Salary For One Employee GEL/mo 100 100 100 n.a.
Annual Variable Cost Of Sewage Storage System = Ann  ual n
Variable Cost Of Sewage Storage Pumps + Annual é?nn;ka)l ;/easnable Cost Of Sewer Systems Management GEL 99 99 1002 1200
Variable Cost Of Sewer Systems Management Employees

Annual Variable Cost Of Sewage Storage System GEL/yr 192 131 1162 1484

Source: RID IEP Analysis.

Firms typically hire staff to manage private waded sewer systems. Their responsibilities
include maintenance and operation of the watersameer infrastructure. In case the business
is seasonal, the number of persons securing wapghsincreases. This is mainly the case
with large hotels on the seaside who hire additiengloyees to handle the water supply
system during the summer. Full-time workers devobedater are mainly in water-intensive
firms. Staff costs for managing sewer systems laogvs in the previous chart.

Appendix H shows the detailed calculations of ybkis of variable costs for individual firms
including related Metrics and Data Elements.

6.2.5Annual Water And Sewer Cost

Each year individual firms face annualized semialde and annual variable costs for water
and sewer services. The following chart shows Metrelated to these overall costs. These
values are the actual amounts spent by individuakfon both water and sewer services
today. Once the new water and sewer systems bpgnation the coping-related costs will
likely fall (perhaps to zero) while the municipaater and sewer costs will likely rise due to
both quantity and tariff increases.

68. Individual Firms Annualized Semi-Variable And Annual Variable Water And Sewer Cost
VALUE
SEASON ANNUAL
CALCULATION DATA ELEMENT / METRIC UNIT HIGH SHOULDER LOW TOTAL
Length Of Season wks/yr 4,3 4,3 43,4 n.a.
Annualized Semi-Variable Water Coping Cost GEL/yr 285 285 2879 3449
Total Annualized HH Semi-Variable And Annual Variab  le . .
Cost Of Water = Annualized Semi-Variable Water Copi  ng Vet Wi e Ces etal —— 28 e ke
Cost + Variable Water Coping Cost + Municipal Water  Bill Municipal Water Bill GEL/yr 61 33 17 110
Total Annualized ngi—Varigble A,nd Annual Variaple Cost |Total Annualized HH Semi-Variable And Annual Variab e GELKyr 1758 1044 4859 7661
Of Sewer = Annualized Semi-Variable Sewer Coping Co st |[Cost Of Water
i gzbieSewerceniolcestditinicipalisewe Bl Annualized Semi-Variable Sewer Coping Cost GEL/yr 248 248 2 505 3002
Total Annualized Semi-Variable And. Annual Vana.ble ) Cost Variable Sewer Coping Cost GELAyr 1246 601 4161 6008
Of Water And Sewer = Total Annualized HH Semi-Varia ble
And Annqal Variable Cost Of Water + Total Annualize  d Municipal Sewer Bill GEL/yr 75 M 20 136
Semi-Variable And Annual Variable Cost Of Sewer - — -
Total Annualized Semi-Variable And Annual Variable Cost GELyr 1569 890 6687 9145
Of Sewer
Total Annualized Semi-Variable And Annual Variable  Cost
Of Water And Sewer GEL/yr 3327 1934 11545 16 806

Source: RID IEP Analysis.

Appendix H shows the detailed calculation of thewsd water and sewer cost including
related Metrics and Data Elements.

111



RID Impact Evaluation Project
TBSC, ACT

6.2.6Economic Willingness To Switch To New Water And Seer Systems

Some companies in the RID target cities duringruidsvs mentioned that if the price of
municipal water is high then they will not switcbnapletely to it. Rather, they will continue
using their alternative sources of water supplysT$sue is important since the majority of
benefits of efficient water supply will be derivédall) consumers will switch to alternative
water supply and avoid coping costs undertakereatly:

If the annual cost shown in the preceding chals$ fathce the new water and sewer systems
begin operation then it can be expected that idd&di firms will switch from their existing
water and sewer arrangements to using (only) thacipal systems. The ratio of current cost
over future cost indicates the motivation thatwulial firms will have to switch as shown in
the following chart. The larger the ratio the mbrghly motivated will be the firm to switch

to the new water and sewer systems.

For this example, it appears the firm will spendw@t®5 percent less using the new water and
systems compared to existing arrangements. Thisleceptively large decrease because the
representative firm shown in the micro-model udetha (expensive) coping strategies
causing their apparent spending to be quite higkadt, firms do not use all the coping
strategies and spend much less than is shownse #xeamples.

69. Individual Firms Economic Willingness To Switch
CALCULATION DATA ELEMENT / METRIC UNIT VALUE
Future Annual HH Municipal Water Bill = Volume Of W ater 3
Used Today * Water Tariff Volume Of Water Used Today m>lyr 65
Water Tariff g 1,7000
Future Annual HH Municipal Sewer Bill = Volume Of W ater ater Tani e=Vin
Used Today * Sewer Tariff Sewer Tariff mefyr 21000
Future Annual HH Municipal Water And Sewer Bill = Future Annual HH Municipal Water Bill GEL/yr 110
Future Annual HH Municipal Sewer Bill + Future Annu  al
HH Municipal Water Bill Future Annual HH Municipal Sewer Bill GEL/yr 136
Current Annualized HH Semi-Variable And Annual HH . .
Variable Cost Of Water And Sewer = Current Annualiz  ed Future Annual HH Municipal Water And Sewer Bill GEL/ yr 246
HH Semi-Variable And Annual HH Variable Cost Of Wat  er [cyrrent Annualized HH Semi-Variable And Annual HH
+ Current Annualized HH Semi-Variable And Annual HH Variable Cost Of Water GEL/yr 7661
Variable Cost Of Sewer Current Annualized HH Semi-Variable And Annual HH — o
Variable Cost Of Sewer Y
Likelihood To Switch For Water (larger is more like  ly to Current Annualized HH Semi-Variable And Annual HH GEL/ 16 806
switch) = Current Annualized HH Semi-Variable And Variable Cost Of Water And Sewer 4
Annual HH Variable Cost Of Water / Future Annual HH Likelihood To Switch For Water (larger is more like Iy to
Municipal Water Bill switch) 69,65
Likelihood To Switch For Sewer (larger is more like  ly to 6730
Likelihood To Switch For Sewer (larger is more like Iy to switch) b
switch) = Current Annualized HH Semi-Variable And Likelihood To Switch For Water And Sewer Combined 68.35
Annual HH Variable Cost Of Sewer / Future Annual HH (larger is more likely to switch) |

Source: RID IEP Analysis.

Appendix H shows the detailed calculation of thereenic willingness to switch including
related Metrics and Data Elements.

6.2.7Water Consumption

All firms have water meters so it is possible tted@ine actual municipal water
consumption. We will estimate consumption of wétem alternative sources to give total
water consumption.

The micro-model estimates overall water consumpbipthe firm as shown in the following
chart. Based on preliminary interviews, it is expédhat consumption of water from
alternative sources will be very seasonal. The mapce of alternative water sources will
vary widely by firm and industry.
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70. Individual Firms Water Consumption And Its Use
VALUE
SEASON ANNUAL
CALCULATION DATA ELEMENT / METRIC UNIT HIGH SHOULDER LOW TOTAL
Length Of Season days/yr 30 30 305 365
Share Of Water Used Directly In Production 80% 80% 80% n.a.
Share Qf Wate‘r Used To Support Product (e.g., cleaning 10% 10% 10% na
production equipment)
Share Of Water Used For Potable Purposes 5% 5% 5% n.a.
Share Of Water Used For Domestic Purposes 2% 2% 2% n.a.
Share Of Water Lost Through Leaks 3% 3% 3% n.a.
Total Annual Water Consumption Far All Purposes = Annual Water Used Directly In Production m3lyr 230 125 50 406
Water Consumption For Production + Annual Water Used To Support Production (e.g., clea  ning 3 29 16 6 51
Water Consumption For Suport Of Production + equipment) moyr
Water Consumption For Potable Purposes + 3
Water Consumption For Domestic Purposes + Annual Water Used For Potable Purposes m°/yr 14 8 3 25
Water Consumption For Leaks
Annual Water Used For Domestic Purposes myr 6 3 1 10
Annual Water Lost Through Leaks m3lyr 9 5 2 15
Total Annual Water Consumption For All Uses m3lyr 288 157 63 507
Number Of Units Produced widgets/yr 9321 3107 5264 17 692
\Water Quantity Content Per Unit Produced 3/widget 0, 0308 0,0505 0,0119 0,0287
Water Value Content Per Unit Produced BEL/widget 1,06 94 2,0629 2,9868 1,8144

Source: RID IEP Analysis.

At the bottom of the preceding chart are Metridatesl to the importance of water in the
production process. As before, the direction of ement in these Metrics once the new water
system begins operation is not certain.

Appendix H shows the detailed calculation of watemsumption including related Metrics
and Data Elements.

6.3BUSINESS ENABLERS IMPACT CATEGORY

This Section describes how the improved and mdiabte water supply can influence the
expansion of existing businesses and formatiorewef nusinesses. Based on the micro-
models, the costs saved by existing businessederdases in fixed costs required to start a
business can be used for forecasting the possihlesfsize of existing companies and
number of entrants on the market.

Generally, the case study analytic method will bedufor this Impact Category.

6.3.1Expanding Existing Business

The largest part of fixed costs invested by the games in alternative water supply
infrastructure can be considered as sunk costse $itey cannot be recovered. As a result,
sunk costs by rational companies will not be talkém account while making their decisions
on the future of the business.

However, some part of existing water-related assamtshe sold, representing partial recovery
of fixed costs. It will be not realistic to assuthat companies will dispose of their water-
related assets in the short-run, since based oattihede of the companies interviewed, it will
take more than a short while for water utility canpes to regain confidence and reliability.

On the other hand, if companies switch to municipater supply, which will be the case only
if their water costs are lower with municipal watiey will save certain amounts of money
to reinvest in their business. By estimating therggs made by improved water supply, it will
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be possible to infer whether this will be suffidi@mount worth considering for future growth
of the company.

A Metric called “opportunity cost of coping” cal@aies what would have been the value of the
business, if fixed, semi-variable and incremenparating costs had been reinvested in the
company at the weighted average cost of capittd@tompany. For example, if company
invested 20 000 GEL in alternative water supplyasfructure 3 years ago and spent 1 000
GEL in semi-variable and operating coping costsljtaxhal value of the business could be
calculated as follows:

20,000%(1+r¥ + 1000 *(1+rj+ 1000*(1+rf + 1000%(1+r)

If ris 15 percent, then the increased value obthgness today would be 34 410 GEL more
than is the case today.

Given the fact that investment incurred in alteixeatvater infrastructure is a sunk cost and in
the future savings from improved water infrastruetcan be reinvested minimum at weighted
average cost of capital, the future value of saviaiter a certain period of time would be
additional value of the company.

6.3.2Entering New Business

Improved water infrastructure gives opportunityerrease an entry barrier by a fixed cost
required to set up reliable water infrastructurdaid/for some businesses the fixed cost
compared to total investment can be insignifickortpther (mainly small, water intensive
businesses) the saving can be important. For eagihdss considered, initial investment
should be estimated and fixed cost for settingltgrreative water infrastructure should be
contrasted. In case the share of fixed copingioasttal investment is insignificant, decrease
in entry barrier will be irrelevant. However, a metalled “ease of starting business” can be
calculated. This metric is a ratio between toteddi investment required to start a business
before and after implementation of RID. If the @a8 more than one, investors will have
higher incentive to start a new business. A rass lthan one suggests the opposite.

For some businesses, the decrease in the entigrbailt be a significant incentive to enter
the market. For example, a hotel in Bakuriani feaduild a more than two kilometer long
pipe connecting the hotel with a natural springilevthe largest hotel in Kobuleti had to
invest more than 120 000 EUR in establishing wsiiply and private sewer facility.

In order to identify the impact of the RID projecis entrepreneurial activity in the target
cities, a set of potential investors and a ligpaéinesses for which the improved water supply
and sewer system could be a significant beneflthwilidentified. This can be real estate
developers, who search for places where real gstigis are rising, or are expected to rise
(it's been hypothesized and empirically observed improved water supply and sanitation
increases real estate prices), hotel businessseqiegives, food and beverage producers, or
small water intensive businesses such as car waslgdaundry services. Once the final list
of potential new businesses is determined, interviith industry representatives and
experts will be conducted. Based on the informate@se of starting business index can be
defined for each industry and sub-industry.
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7 WATER UTILITIES IMPACT GROUP

This Chapter describes how the RID IEP will deter@nthe impact of the RID projects on
water utilities in the RID citie$ Economy-wide impacts, including impacts on ugj are
part of the CGE analysis discussed in Chapter 9.

Impact areas for water utilities are divided inkmtimpact Groups: operations and finance.
Operations is further divided into supply, demand water quality Sub-Categories, while
finance is further divided into cost structure aficial viability and efficiency Sub-Categories.

The following chart shows the Impact Hierarchyttoe water utilities Impact Group along
with representative Metrics for each Sub-Category.

71. Impact Hierarchy For The Water Utilities Impact Gro up
IMPACT SUB- REPRESENTATIVE METRIC FOR IMPACT SUB-
IMPACT GROUP | IMPACT CATEGORY CATEGORY CATEGORY ("Change in ...")

Average Duration (hr/day) And Frequency Of Water

Sy Provision (days/wk) In Last Month
Operations Demand Water Delivered To Customers
Water Quality Water Test Failure Ratio

Water Utilities

Cost Structure Electricity Cost As Percentage Of Total Water-Related

Costs
Finance Financial Viability Collection Rate From Households
Efficiency Employees Per 1 000 Customers

Source: RID IEP Analysis.

As noted in Chapter 2, two of the six analyticakimoels will be used for the water utilities
Impact Group as shown in the following chart. Tlse of the water utility micro-model is
described in this Chapter. Each RID city has alsimgter utility, as do the control cities. We
will do in-depth interviews with each utility as ivas completing the water utility micro-
model.

72. Analytical Methods Used For The Water Utilities Impact Group
ANALYTICAL METHOD USED
IMPACT SUB- BASLINE AND EX- | TREATMENT AND MICRO-SIMU-
IMPACT GROUP | IMPACT CATEGORY CATEGORY POST SURVEY CONTROL MICRO-MODELS | SAMs AND CGE LATION CASE STUDIES
Supply v \/
Operations Demand \/ \/
Water Quality \/ \/
Water Utilities
Cost Structure \/ \/
Finance Financial Viability \/ \/
Efficiency \/ \/

Source: RID IEP.

This Chapter has three Sections. The first Sedtestribes three overall Metrics for the water
utility Impact Group. There are many Metrics rethte impact on water utilities. However,
the three Metrics discussed in the first Secti@rapresentative of what will be in the
executive summary of the final report of the RIDPIE

3 The companies also provide sewer services. Neslegs, in this Chapter they are typically refeteds
water utilities or utilities.
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The next Section concerns the operations Impa&doay (.e., water supply, demand and
guality). As in past Chapters, representative Mstand Data Elements in these areas are
shown as part of the utility micro-model. Sinceadigtcollected directly from the water
utilities, and since the utilities typically keegcords in many of the Metrics of interest, there
are somewhat fewer calculations in the utility mionodel than is the case for the individual
household and individual firm micro-modéfsAs in the other micro-models, the green cells
in the charts are Data Elements (although somelraayetrics as well), while the yellow
cells show the calculation of Metrics to report.

The third and final Section in the Chapter turnghisfinance Impact Categonyeg(, cost
structure, financial viability and efficiency).

7.10VERALL IMPACT FOR WATER UTILITIES GROUP

Water utilities are one of six Impact Groups in @hoverall impact from the RID projects
will be reported. Considering the Key Research @ores and what the RID IEP knows about
the impact of new water and sewer systems on wétgies, the RID IEP will report the
summary Metrics (impacts) for the water utility lagb Group that are shown in the following
chart.

Additional Metrics will be reported in the Execwgi®ummary of the final RID IEP report as
needed. Note that many more Metrics related tavidier utilities Impact Group are discussed
in the remainder of this Chapter.

73. Summary Metrics For The Water Utilities Impact Group

MEAN FOR REPORTING GROUP

SUMMARY METRIC OTHERS AS
(Change In ...) OVERALL CITY X DESIRED

Water Loss Ratio (NRW to water delivered to network  ratio)

Overall Collection Rate

Operating Cost Per m 2 Delivered To Customers

Source: RID IEP Analysis.

We will also report confidence intervals for theanef each reporting group.
Each of the summary Metrics is described furtheéhenfollowing paragraphs.

Water Loss Ratio. The first summary Metric is the ratio of Non-ReuerAVater (NRW) to
total water provided to the network. This ratiahie key measure of the losses in the system
due to leaks; the lower the ratio the less watar i&INRW?® Replacement of pipes as part of
the RID projects should significantly reduce thaavdoss ratio.

The pre-post change in this summary Metric willresgnt the reduction in NRW due to the
RID projects.

%2 said differently, the distinction between the biaseand ex-post survey analytical method and tleon
model analytical method is somewhat blurred forewatilities.

33 There are other types of NRW besides leaks, lalsleepresent the overwhelmingly portion.
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Overall Collection Rate.The financial health of the utility depends on #fiectiveness of its
bill collection. Collection rates among businesaesgenerally high today since most
businesses have a water meter and the utility lvahadf the water supply if bills are not paid.
Collection rates among individual households arg peor since most households do not
have individual meters.

The pre-post change in this summary Metric reprssemprovements in the quality of service
(hence people are more willing to pay) and thetgtof the utility to directly track water
consumption at the household level.

Operating Cost Per n? Water Delivered To CustomersThis is a measure of the overall
efficiency of the utility. Reportedly, the operaginost per mtoday is very high due to water
losses and inefficient equipment.

The pre-post change in this summary Metric willeef lower costs for the utility more
efficient equipment, specifically pumps, enters/sey.

7.20PERATIONS IMPACT CATEGORY

This Section describes water supply, demand anlityjfa the water utilities. In each Sub-
Section one or more charts are shown with reprateatMetrics. The full micro-model for
water utilities is shown in Appendix |.

7.2.1Supply

Several RID cities have problems with providingfisignt water to the city due to inadequate
wells, filtering or main-line capacity. All RID ¢és have problems with water leaks leading to
very high water loss ratios. These factors caupplguo be much less than 24/7 in most parts
of the RID cities. There are similar capacity peshs in the sewer system as well.

The following two charts show a number of Metrietated to water supply and capacity
utilization of water and sewage services. Leaksednigh levels of NRW. NRW is a pure loss
for the utility (costs incurred with zero relatexvenue) and is a key measure of the overall
efficiency of the water system. Comparisons of jpred post-survey data will permit the RID
IEP to estimate how NWR has been reduced becauke aokw water systems.

Utility records will be used to calculate these Nt It is known that the reliability of the
utility data is not always good because there alegively few volume measurement points.
Nevertheless, the data supplied by the utilitighésbest available. Where possible, the RID
IEP will prepare Metrics for individual neighborhisof the RID cities; feasibility depends
on where the water utilities have reliable systeeters in place.
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74. Metrics Related To Water Supplied To Network And Dédivered To Customers
VALUE
CALCULATION DATA ELEMENT / METRIC UNIT 3603369mmds
Water Delivered To Network m3/yr 2 628 000
)/\éaﬁt:r Delivered To Network = Water Delivered To Net  work [\y/ater Delivered To Network mé/day 7200
i 3
Water Delivered To Customers = Water Delivered To Water Delivered To Customers IV 1084219
Customersi/i365 Water Delivered To Customers m3/day 2970
Water Losses - NRW (non revenue water) = Water Loss ~ es - 3
NRW (non revenue water) / 365 Water Losses - NRW (non revenue water) m>lyr 1543781
- 3
Water Loss Ratio (NRW to water delivered to network Water Losses - NRW (non revenue water) Y Qe
ratio) = ( Water Delivered To Network - Water Deliv  ered To [Water Loss Ratio (NRW to water delivered to network 59%
Customers ) / Water Delivered To Network ratio) °
Sewage Received = Sewage Received / 365 Sewage Received m3lyr 758 953
Sewage Received m*/day 2079
Source: RID IEP Analysis.
75. Metrics Related To Capacity Utilization
VALUE
CALCULATION DATA ELEMENT / METRIC UNIT 9608369 md>
Annual Water Supply Capacity m3lyr 3 000 000
Daily Water Supply Capacity m3/day 8219
Daily Water Supply Capacity During High Season m3/day 7 000
Daily Water Supply Capacity During Shoulder Season m3/day 7 000
Daily Water Supply Capacity During Low Season m3/day 7 000
. I . Water C ity Utilization Rat 88%
Sewage Capacity Utilization Rate = Sewage Received / ater Capacity Utilization Rate °
Daily Sewage Treatment Capacity R 3
Annual Sewage Treatment Capacity m°/yr 1 000 000
Daily Sewage Treatment Capacity m3/day 2740
Daily Sewage Treatment Capacity During High Season m3/day 1 200 000
Daily Sewage Treatment Capacity During Shoulder Season m3/day
Daily Sewage Treatment Capacity During Low Season m3/day
Sewage Capacity Utilization Rate 76%

Source: RID IEP Analysis.

The schedule of water supply is different amongRHe cities and even within cities. The
following chart shows Metrics related to duratiorddrequency of supply to one region of
one city over the past year. These Metrics wildbegermined for several regions of each city
based on utility records and for the both the presimonth and previous year.
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76. Metrics Related To Water Supply Schedule And Reliaitity Of The Schedule
VALUE /
3608369mds
REGION 1
CALCULATION DATA ELEMENT / METRIC UNIT Ggaombo 1
Region Name
Water Delivered To Network m*/day 1000
Average Length Of Water Supply In Last Month hr/day 5:00
Minimum Length Of Water Supply In Last Month hr/day 3:00
Maximum Length Of Water Supply In Last Month hr/day 11:00
Average Frequency Of Water Supply In Last Month days/wk 5
Minimum Frequency Of Water Supply In Last Month days/wk 8
Maximum Frequency Of Water Supply In Last Month days/wk 7
Average Duration And Frequency Of Water Provision| n hr / days 50/5
Last Month
Minimum Duration And Frequency Of Water Provision|  n hr / days 30/3
Last Month
Water Supply Schedule = Hours Per Day / Days Per We ek Maximum Duration And Frequency Of Water Provision | n

hr / days 11,0/7
Last Month
Average Length Of Water Supply In Last Year hr/day 5:00
Minimum Length Of Water Supply In Last Year hr/day 3:00
Maximum Length Of Water Supply In Last Year hr/day 11:00
Average Frequency Of Water Supply In Last Month days/wk 5
Minimum Frequency Of Water Supply In Last Year days/wk 3
Maximum Frequency Of Water Supply In Last Year days/wk 7
Average Duration And Frequency Of Water Provision| n hr / days 50/5
Last Year
Minimum Duration And Frequency Of Water Provision | n hr / days 30/3
Last Year
Maximum Duration And Frequency Of Water Provision|  n hr / days 11.0/7
Last Year

Source: RID IEP Analysis.

Appendix | shows the full list of Metrics and reddtData Elements for supply of water by
water utilities. It also shows quantities of sewaggeived.

7.2.2Demand

Demand is reflected in both water consumption &veémue paid by customers. Customers
fall into three categories: households, busineasdsother organizations (including

Governmental institutions). Households are furtheided into households in private houses

and households in apartment blocks.

The following chart shows several Metrics relatedvater demand from the perspective of

the water utility. Other Metrics related to demdodwater based on a water audit are part of

the individual household Impact Group.
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77. Metrics Related To Water Demand From Perspective OWater Utilities
VALUE
CALCULATION DATA ELEMENT / METRIC UNIT 9608369 md>
Water Delivered To Households m3lyr 810 300
Water Delivered To Businesses mfyr 113910
Water Delivered To Other Organizations mfyr 80 000
Water Delivered To Tourists And Visitors m/yr 80 000
Average Household Size In Private Houses (individuals) 2,3
Average Water Consumption By Tourists And Visitors _ |Average Household Size In Apartment Blocks (individuals) 1,6
Water Delivered To Tourists And Visitors / Number O f Water Consumption Per Capita Among All Households %4 0,070
Tourists And Visitors To City / 365 (excluding water delivered to tourists and visitors ) Ay IRER !
Water Consumption Per Capita In Metered Households m°/day
Water Consumption Per Capita In Households With %4
Shared Meters m-laay
Average Water Consumption By Businesses m/day 2,081
Average Water Consumption By Other Organizations mS/day 6,849
Average Water Consumption By Tourists And Visitors m*/day 0,005

Source: RID IEP Analysis.

Metrics related to revenue paid by customers aeudsed in the Finance Sub-Section later in
this Chapter.

Individual meters on firms and households are at&elyto manage demand (water
consumption). The following chart shows Metricsaatetl to meter penetratione(,
percentage of users who have an individual meBaherally, the greater the meter
penetration the more controlled is demand and étietbis bill collection.

78. Metrics Related To Meter Penetration
VALUE
CALCULATION DATA ELEMENT / METRIC UNIT 9608369 mds

Number Of Households Served In Private Houses 12 900
Number Of Households Served In Apartment Blocks 5600
Number Of Businesses Served 150
Number Of Other Organizations Served 32
Number Of Tourists And Visitors To City #lyr 40 000
Number Of Meters In Private Houses 0
Number Of Meters In Apartment Blocks With Individual Meters 0

Share Of Other Organizations That Are Metered = Num  ber b ¢ lock ith

Of Meters In Other Organizations / Number Of Other NVTaEp (O RUSTE [ APETITTEnE Eee s B Commem MIslEs

UL L Number Of Meters In Businesses 4
Number Of Meters In Other Organizations 0
Share Of Households In Private Houses That Are Mete  red 0%
Share Of Households In Apartment Blocks With Indivi  dual 0%
Meter
Share Of Households In Apartment Blocks With Shared

100%

Meter
Share Of Businesses That Are Metered 3%
Share Of Other Organizations That Are Metered | | 0% |

Source: RID IEP Analysis.

Appendix | shows the full list of Metrics and reddtData Elements for demand of water.
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7.2.3Water Quality

The water utilities regularly test water providedhe distribution system using their own
laboratories. Based on the records of the laboraésts, inferences can be made about the
quality of the water. A Metric which captures thezhrd of contamination is the Water Test
Failure Ratio as shown in the following chart.

79. Metrics Related To Water Quality Testing

VALUE

CALCULATION DATA ELEMENT / METRIC UNIT 9608369cmds
Number Of Water Tests Conducted #lyr 1245
Number Of Successful Water Tests #lyr 1238
Water Test Failure Ratio = Number Of Water Test Fai lures .
I NUTrD G WY T Gl Number Of Water Test Failures #lyr 7
Water Test Failure Ratio 1%
Share Of Water Disinfected (chlorinated) 98%

Source: RID IEP Analysis.

The RID IEP will rely on existing records to assesder quality. Evaluating the impact of the
RID projects on water quality should be straightfard if the testing schemes used by the
utilities are sound? However one complication is that laboratory equépiris planned to be
renewed as part of the RID projects. As a reswdtewsamples that would have been graded
as good in the past might not meet required stalsdahen tested using new laboratory
instruments, or vice-versa. This may cause waggfédures to actually rise after the new
water systems begin operation. It should be keptiimd that if this happens then it is almost
certainly an artifact of the improved testing metho

Appendix | shows the full list of Metrics and reddtData Elements for the quality of water as
determined by the water utilities.

7.3EINANCE IMPACT CATEGORY

The effects of the RID projects are expected teeflected in the financial conditions of the
water utilities. Currently, most of the utilitieseasubsidized by the Government; those that do
not receive sufficient subsidies have serious firaproblems and accumulated losses.

The impact of the RID projects on the financial dibion of the water utilities in the RID
cities will be evaluated using Metrics in threedmt@reas: cost structure, financial viability
and efficiency. Each of these Impact Sub-Categasidsscussed in the following Sub-
Sections.

As in other areas, the discussion revolves aroo@ditility micro-model.

7.3.1Cost Structure

The largest share of expenses for water utiliteeaes from electricity consumption. Outdated
and energy inefficient water pumps makes it vestlgdor the water utilities to supply water
to households. High electricity cost, largely drivey leaks in the water system, is one of the

34 The RID IEP is not setting up new testing regifieeshe utilities. We will rely exclusively on theinternal
testing results.
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most important reasons for constrained water sugyplgrt from electricity costs, outdated
water and sewer infrastructures require high anceasing repair and maintenance expenses.

It is expected that the cost structure of thetigdiwill greatly change as a result of the RID
projects. The following chart shows the Metrics &ata Elements that the RID IEP will use
to assess the impact of the RID projects on thestasgcture of the water utilities in the RID
cities. To the maximum extent possible, given @xgstitility records, costs related to the
water and the sewer systems will be separated.

80. Metrics Related To Utility Cost Structure
VALUE
CALCULATION DATA ELEMENT / METRIC UNIT 9608369 md>
Number Of Employees FTE 24
Number Of Technical Workers FTE 13
Electricity Cost GEL/yr 187 894
Net Price Of Electricity GEL/KW-hr 0,0500
Electricity Consumed KkW-hr 3757 880
Repair And Maintenance Cost GEL/yr 55 000
Salary Expense GEL/yr 127 000
Share Of Water Related Costs In Total Costs 0.45 Other Operating Expense GELAr 28 500
Share Of Sewer Related Costs In Total Costs =1-S hare Total Operating Cost GELfyr 398 394
Of Water Related Costs In Total Costs
Share Of Water Related Costs In Total Costs 45%
Operating Cost For Water Network = ( Electricity Co st For
Water Network + Repair And Maintenance Cost For Wat  er Share Of Sewer Related Costs In Total Costs 55%
Network + Salary Expense For Water Network + Other
Operating Expense For Water Network ) .
Electricity Cost For Water Network GEL/Myr 84552
Operating Cost For Sewer Network = ( Electricity Co st For . .
Sewer Network + Repair And Maintenance Cost For Sew e Repair And Maintenance Cost For Water Network GEL/yr 24 750
Networ.k + Salary Expense For Sewer Network + Other Salary Expense For Water Network GELiyr 57 150
Operating Expense For Sewer Network )
Other Operating Expense For Water Network GEL/yr 12 825
Operating Cost For Water Network GEL/yr 179 277
Electricity Cost For Sewer Network GEL/yr 103 342
Repair And Maintenance Cost For Sewer Network GEL/yr 30 250
Salary Expense For Sewer Network GEL/yr 69 850
Other Operating Expense For Sewer Network GEL/Myr 15675
Operating Cost For Sewer Network GEL/yr 219 117

Source: RID IEP Analysis.

The full list of Metrics and related Data Elemergkated to cost structure of utilities is shown
in Appendix I.

7.3.2Financial Viability

The financial viability of water utilities primayildepends on three factors: collection rates,
tariff levels and overall financial performance €Be three factors are discussed in the
following paragraphs.

Collection Rate.One of the most serious problems of the wateitiaslin the RID cities is
low collection rates from individual householdscities where most businesses are metered,
collection rates from businesses are high, sineeniditer utility can effectively threaten to
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turn off the water supply if bills are not paid.€l&ituation is different for individual
households where there are no water meters asdiifficult to cut off the water supply.

The following chart shows Metrics related to cdiiec rates. The pre- to post- change in
these Metrics will largely reflect the impact oflimidual meters.

81. Metrics Related To Collection Rates
VALUE
CALCULATION DATA ELEMENT / METRIC UNIT 9608369 md>
Bills Charged To Households GEL/yr 230 742
Bills Paid By Households GEL/yr 62 360
Collection Rate From Households 27%
Collection Rate From Households = Bills Paid By Bills Charged To Businesses GELl/yr 45 558
Households / Bills Charged To Households
Bills Paid By Businesses GEL/yr 43 097
Collection Rate From Businesses = Bills Paid By
Businesses / Bills Charged To Businesses Collection Rate From Businesses 95%
Collection Rate From Other Institutions = Bills Pai  d By Bills Charged To Other Organizations GELl/yr 105 766
Other Institutions / Bills Charged To Other Organiz  ations
Bills Paid By Other Institutions GEL/Myr 81874
Overall Collection Rate = Revenue Collected (bills  paid) /
Total Revenue (bills charged) Collection Rate From Other Institutions 7%
Total Revenue (bills charged) GEL/Myr 382 066
Revenue Collected (bills paid) GEL/Myr 187 331
Overall Collection Rate 49%

Source: RID IEP Analysis.

Tariffs. The tariff structure in each RID city has thregortant aspects: the level of tariffs,
the method of calculating bills and the cross-siyjpbetween different types of customers.

The following chart shows the Data Elements andrigietin these areas. Presently there is an
implicit water and sewer price for individual hotistds. This is based on an assumed
standard volume of water used per person and alicitrtpriff (equals the fixed fee per

person divided by the assumed standard volume td@rwiaed). This calculation scheme will
change once meters are installed. The RID IEPrejilbrt changes in tariffs in a comparable
form.

The following chart also shows the calculationtwd tross-subsidies that occur from
businesses to other organizations and househatimdsthe tariff is beyond the scope of the
RID IEP. However, the RID IEP will provide data asahlysis that can be used to evaluate
different tariff schemes if the water utilities atetir regulators were to so choose. In
particular, the results of the CGE analysis may slebw that having zero cross-subsidy from
businesses to households actually increases hddsabhome compared to a situation where
there is a cross-subsidf/.

35 . . .. o . ..
This counter-intuitive result from no cross-sulssds because overall economic activity (and hioolksk
incomes) will increase due to lower water billsigeput onto businesses.
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82. Metrics Related To Water And Sewer Tariffs
VALUE
CALCULATION DATA ELEMENT / METRIC UNIT 9608369cmds
Implicit Water Consumption Per Household Member = . ] 2
Standard Water Consumption Per Household Member * Water Tariff For Businesses GEL/m 1,7000
el Water Tariff For Other Organizations GEL/m® 1,3000
PTG  [PHISE (Rl Ht_)gseholds = Wetter T_anff el Water Tariff Per Household Member GELmo 0,8000
Household Member / Implicit Water Consumption Per
gotseholdlhiembey Standard Water Consumption Per Household Member m®/day 0,120
Implicit Sewage Discharged Per Household Member = Implicit Water Consumption Per Household Member m3mo 3,650
Standard Sewage Discharged Per Household Member *3 0
Implicit Water Price For Households GEL/m?® 0,219
Implicit Sewage Price For Households = Sewer Servic e
Tariff Per Household Member Based On Municipal Wat  er |Sewer Service Tariff For Businesses Based On Municipal 3
. . GEL/m 2,3000
Used / Implicit Sewage Discharged Per Household Water Used
Member Sewer Service Tariff For Other Organizations Based On 3
Municipal Water Used GEL/m e
Cross-Subsidy Level (from businesses to households) = ( |Sewer Service Tariff Per Household Member Based On GEL/m? 1,0000
Water Tariff For Businesses + Sewer Service Tariff ~ For Municipal Water Used
Businesses Based On Municipal Water Used ) / (Impl icit  |Standard Sewage Discharged Per Household Member m°/day 0,08
Water Price For Households + Implicit Sewage Price  For
Households ) Implicit Sewage Discharged Per Household Member m3/mo 2,520
Cross-Subsidy Level (from businesses to other Implicit Sewage Price For Households GEL/m? 0,397
organizations) = ( Water Tariff For Businesses + Se  wer
Service Tariff For Businesses Based On Municipal Wa  ter |Cross-Subsidy Level (from businesses to households) 6,493
Used ) / ( Water Tariff For Other Organizations +S  ewer = =
Service Tariff For Other Organizations Based On Cross-Subsidy Level (from businesses to other 1333
Municipal Water Used ) organizations)
Cross-Subsidy Level (from other organizations to
. - 4,870
Cross-Subsidy Level (from other organizations to households)

Source: RID IEP Analysis.

Financial Performance.Financial statements provide valuable informafmranalyzing the
impact of the RID projects on water utilities. Basm existing financial statements, financial
performance ratios in four areas will be calculaad reported by the RID IEP as shown in
the following chart.
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83. Measures Of Financial Performance For Water Utilities
VALUE
RATIO DEFINITION OF RATIO UNIT 3608369@mds

Profitability Ratios /  8m8398056md0l 3mgn03096¢)900
Net Income After Tax / [(Beginning Total Assets + Ending
Total Assets) / 2]

Return On Assets (ROA)

Return On Equity (ROE) Net Income After Tax / [(Beginning Equity + Ending Equity) / 2]
Net Profit Margin Net Income After Tax / Revenue
EBITDA Net Income Before Tax + Interest Expense + Operating

Depreciation + G&A Depreciation
EBITDA EBITDA / Revenue

Liquidity Ratios / _gno3go@)6emdob jmgnogogbdgdo

Current Ratio Current Assets / Current Liabilities
. . (Current Assets - Restricted Cash - Inventories) / Current
Quick Ratio o
Liabilities
Net Working Capital (Current Assets - Current Liabilities) / Total Assets
Activity Ratios / _sg¢ogmdob 3mg03096¢)980
Asset Turnover Ratio Revenue / [(Beginning Total Assets + Ending Total Assets) / 2]

Revenue / [(Beginning Accounts Receivable + Ending

Account Receivable Turnover Ratio Accounts Receivable) / 2]

Average Collection Period Accounts Receivable / Revenue * 365

Financing Ratios / _¢3530656L990b 3m9503096¢)990

Debt To Equity Ratio Total Liabilities / Total Equity

Long-Term Debt To Equity Ratio Debt / Total Equity

(Net Income Before Tax + Interest Expense) / Interest
Expense

(Net Income Before Tax + Interest Expense) / (Interest
Expense + Principal Repayment)

Interest Coverage Ratio

Debt Service Coverage Ratio

Source: RID IEP Analysis.

Appendix | shows a full list of Metrics and DateeBlents related to cost structure, tariffs and
financial performance.

7.3.3Efficiency

The RID IEP will report on a wide range of efficgnmeasures for water utilities as shown n
the following chart. There are Metrics relatedabdr productivity, energy efficiency, unit
operating costs and so forth. The RID projects pakitively influence many of these
Metrics, but continued improvement in all of thentl wequire new management methods in
the utilities.
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84. Metrics Related To Efficiency Of Water Utilities
VALUE
CALCULATION DATA ELEMENT / METRIC UNIT 3603369mmds
Number Of Repairs Per Technical Worker Per Year #lyr 18
X Number Of Employees Per 1 000 Inhabitants FTE 1,6
Number Of Employees Per 1 000 Inhabitants = (( Num  ber
Of Households Served In Private Houses * Average Energy Cost Per Cubic Meter Of Water Supplied To /m? 0.08
Household Size In Private Houses (individuals) + Nu  mber |Customers =L '
Of Households Served In Apartment Blocks * Average - - s
Household Size In Apartment Blocks (individuals)) /1000 |Energy Required Per Cubic Meter Of Water kW-hr/m 16
) / Number Of Employees
Revenue (bills charged) Per Full-Time Employee GEL/F TE 15919
STy CosEPer Cl.lb.lc e e TRl s Revenue (bills charged) Per Cubic Meter Of Water 3
Customers = Electricity Cost For Water Network / ( Water Delivered To Customers GEL/m 0,4
Delivered To Households + Water Delivered To
Businesses + Water Delivered To Other Organizations ~ + | Average Revenue (bills charged) Per Customer GEL 20,5
Water Delivered To Tourists And Visitors )
Water Operating Cost Per Cubic Meter Of Water Deliv  ered 3
. . GEL/m 0,07
Energy Required Per Cubic Meter Of Water = Energy C  ost |T0 Network
Per Cubic Meter Of Water Supplied To Customers / Ne t Water Operating Cost Per Cubic Meter Of Water Deliv ~ ered GEL/m? 018
Price Of Electricity To Customers !
i i 3
Revenue (bills charged) Per Full-Time Employee = To  tal Sewer Operating Cost Per Cubic Meter Of Sewage Trea ted GEL/m 0,29
Revenue (bills charged) / Number Of Employees Electricity Consumption Per Cubic Meter Of Water NP s
) ; Delivered To Network - '
Reyenue (bills charged) Fler Cubic Meter Of Water Electricity Consumption Per Cubic Meter Of Water T 156
Delivered To Customers = Total Revenue (bills charg  ed) / Delivered To Customers -hr/m 8
Water Delivered To Customers = = =
Electricity Cost Per Cubic Meter Of Water Delivered ~ To GEL/m? 003
Average Revenue (bills charged) Per Customer = Tota | Netw9r1l< - -
Revenue (bills charged) / ( ( Number Of Households Electricity Cost Per Cubic Meter Of Water Delivered ~ To EE 008
Served In Private Houses + Number Of Households Customers
Served In Apartment Blocks + Number Of Businesses S €MV|g|ecyricity Consumption Per Cubic Meter Of Sewage GEL/m?® 2,72
Water Operating Cost Per Cubic Meter Of Water Deliv  ered Electricity Cost Per Cubic Meter Of Sewage EE 014
Water Operating Cost Per Cubic Meter Of Water Deliv  ered |
Operating Cost Per 1 000 Customer GEL 21325
Operating Cost Per 1000 GEL Revenue | GEL | 1043 |

Source: RID IEP Analysis.

Appendix | shows a full list of Metrics and DataeElents related to the efficiency of water

utilities.
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8 GOVERNMENT INSTITUTIONS IMPACT GROUP

Within the RID cities there are a number of impott&overnmental institutions that do not

fit within other Impact Groupsd.€., individual households, individual firms, wateflities,
overall economy, complementary activities), spealfy military bases, prisons and the public
health system. The unique features of these itistitsl necessitate a custom approach for
each to assess the impact of the RID projects.eTbestom approaches are described in this
Chapter.

The following chart shows the structure of the Gaweental institutions Impact Group as
well as the analytical methods to be applied tthe@ase studies will be used for the public
health system and micro-models will be used foeptiudgetary institutions. Defense is also
a productive sector in the CGE analysis so thelldbeiadditional estimates of impact from
there.

85. Impact Hierarchy For Governmental Institutions Impact Group
IMPACT SUB- REPRESENTATIVE METRIC FOR IMPACT SUB-
IMPACT GROUP | IMPACT CATEGORY CATEGORY CATEGORY ("Change in ...")
Institutional Allocation Of Staff Among Health Hazards (e.g., water vs.
. Arrangements infant mortality)
Public Health System Water Borne Disease Number Of Disease Outbreaks Cauesed By Municipal
Governmental Incidence Water
LRI Prisons Money spent on electricity to run well pumps
Other Budgetary Y sp Y [P
Institutions Military Bases Money spent on transporting water by tanker truck
Source: RID IEP Analysis.
86. Analytical Methods For The Governmental Institutions Impact Group
ANALYTICAL METHOD USED
IMPACT SUB- BASLINE AND EX- | TREATMENT AND MICRO-SIMU-
IMPACT GROUP | IMPACT CATEGORY CATEGORY POST SURVEY CONTROL MICRO-MODELS | SAMs AND CGE LATION CASE STUDIES
Institutional
o e s e !
Governmental Incidence \/
Institutions . \/
Oth_er Eudgetary
Institutions Military Bases ‘\/ ‘\/

Source: RID IEP Analysis.

This Chapter has two Sections. The public healtesy is discussed in the first Section and
other budgetary institutions are discussed in do@13d Section.

8.1PUBLIC HEALTH SYSTEM

In contrast with individual doctors, ambulatorynatis and hospitals, thgublic health system
Is aimed at decreasing the burden of iliness ajayimn populations, rather than on
individuals. Public health agencies use epidemiolowestigation, laboratory testing,
information technology, public and provider edusatand other tools to support their
mission.

The RID IEP distinguishes between 1) the healtindiziduals; 2) individual doctors, clinics
and hospitals and 3) the public health system.iffipact of the RID projects on the first
group (i.e., individuals) will be assessed as phthe individual household Impact Group
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(Chapter 5). Members of the second group (i.eiyiddal doctors, clinics and hospitals) are
treated by the RID IEP Design as individual firr@hépter 6)°

The third group, the public health system is thagext of this Section. First the elements of
public health systems generally are described. isHdlowed by a discussion of how the
Georgian public health system is organized. TheSab-Section shows how the RID IEP will
assess the impact of the RID projects on the phigladth system.

8.1.1Elements Of Public Health Systems

Generally speaking, public health systems includments of three groups.

Public Health Workforce. Typically this includes individuals employed in @onmental
public health, though this group interacts withiudals employed in the healthcare sector,
in academia and in volunteer organizations.

Healthcare Sector.This includes hospitals, clinics, pharmacies, g@mecy medical services,
a host of ancillary services, and a diverse heatthworkforce. The public health system
includes these playeasly to the extent that they participate in pulblealth initiatives

National And Local Laboratories. Laboratories function on three levels: 1) clinical
laboratories, that conduct testing on individudlgrds within the healthcare system; 2) public
health laboratories, that conduct testing to suppmpulation-based programs and may
involve testing of individuals as well as enviromted assessment during a public health
event and 3) research laboratories, that studpdichl agents, the effects of treatments or
other pursuits not directly linked to detection aasponse to specific incidents but which
provide the scientific basis to guide ongoing amdrfe response efforts. Only the second
group — testing to support population-based progranmcluded in the public health system.

8.1.2Georgian Public Health System

The Georgian public health system (as related tenvased to be concentrated within the
Ministry of Labor, Health and Social Affairs. Thar8tary and Epidemiological Division of
the Ministry was responsible for ensuring that watgplied to households met required
standards. Currently, this responsibility has bdigiled among three organizations.

Ministry Of Agriculture, Food Safety Agency. This Agency is responsible for monitoring
the quality of water. Their responsibility is toseme that drinkable water complies with
required standards. Private laboratories, seldbredigh open tender, test water quality on a
regular basis.

Ministry Of Environment Protection And Natural Resources. This Ministry is responsible
for controlling the quality of water in rivers, le& the sea and checks the compliance of water
guality with determined standards.

3% We understand that most cases of gastrointestisahse are self medicated and, in any case, dabamnot
systematically report incidents to public healtthauities. Consequently, surveying doctors to gifsant
prevalence of water borne disease is not reliddeertheless, some individual doctors, clinics haspitals do
have important opinions about the impact of watepoblic health generally. In this context, thesetdr,
clinics and hospitals are part of the public heaitstem discussed further in this Section.
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National Center For Disease Control And Public Heah (NCDC). The NCDC is mainly
responsible for controlling the health level of plgtion, account for the number of disease
outbreaks, research the causes of outbreaks ahaariae results. NCDC also assists health
sub-divisions of local municipalities in doing hiratesearch.

The role of NCDC is particularly interesting giveire objectives of the RID IEP. NCDC is
responsible for conducting research on diseaseaealb, analyzing the results and
identifying the causes. Based on their informatRID target cities used to be (and some of
them still are) vulnerable in terms of water-bodmseases and presence of risk factors that
might affect the health level of population. NCDISaapossesses statistical information on
every outbreak in Georgia. By doing household sgg\and analyzing results they are able to
determine the cause of a certain outbreak. Howé#vesurveys are done soon after the
outbreak, which is a part of the methodology.

8.1.3Case Studies To Determine Impact Of The RID Projest

The impact of the RID projects on each of the el@ef the public health system,
mentioned above, will be estimated by the RID IE®ugh a number of case studies. We will
perform preparatory desk research and then int@raibroad range of participants in the
public health system. The objective will not begt@antify the impact of the new water
systems on individual health. Rather, the objeatnitebe to understand the likely
implications of the new water systems on the puidialth system. For example, will a
reduction in water borne diseases permit the NC@dllocate staff from water-supply to
other health areag.Q, infant mortality).

The case study approach is particularly appropgaten other public health initiatives that
will occur in the next while, particularly relatéa food safety. It is entirely likely that the
incidence of disease form improved food safety auitweigh improvements from better
water; this is because the populace knows the patelangers of poor water and regularly
takes steps to cope with those dangers. The situaith contaminated food is very different
since the contamination typically is not knowabjetlte consumer and, therefore, the
consumer cannot take steps to cope with the danger.

During meetings with public heath officials we wabllect existing statistics on the following
to the extent they already exist for the RID cities
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87. Existing Public Health Statistics To Be Gathered
AREA DESCRIPTION
Number Of Disease Outbreaks Observed In A City Of Interest
During A Given Year
Number Of Disease Outbreak Cases Number Of Disease Outrbreak Cases Investigated During A
Investigated Year In A Given City Of Interes

Number Of Disease Outbreaks

Number Of Disease Outbreaks Cauesed Number Of Disease Outbreaks Investigated Where Poor Quality
By Municipal Water Of Municipal Water Was Named As A Cause Of Outbreak

Total Number Of People Infected By A Disease In A Given City

Total Number Of People Infected During A Given Year

Total Number Of People Infected By Total Number Of People Infected In A Given City During A Given
Poor Quality Of Municipal Water Year By A Poor Quality Municipal Water
Share Of Water Caused Disease Share Of Disease In Total Outbreaks Caused By Municipal
Outbreaks Water
Number Of Lethal Cases Caused By Number Of People Who Died Due To Poor Quality Municipal
Municipa Water Water

Hazard Index Includes Evaluation Of Risk Factors That Might
Water Borne Disease Hazard Index Cause A Water-Related Disease Outbreak. Public Health

Experts Respond To Index-Related Questions.

Source: RID IEP Analysis.

8.20THER BUDGETARY INSTITUTIONS

Military bases and prisons in some of the RID sitdee among the top water users as well as
having a high concentration of potential benefiemof the RID projects. Their coping costs
and other water- and sewer-related expenses anertigan that of other Governmental
institutions that primarily consume water for offiase.

8.2.1Number And Type Of Other Budgetary Institutions

There are six military bases located in the RIesittwo in Kutaisi, one in Kobuleti and
three in Poti. In addition, one military base im8l is supplied with water by the Poti water
utility *”.

Another Government institution significantly influeed by the RID projects is one prison in
Kutaisi (the only prison in the RID cities); thagan is one of the largest water users in the
city.

Although soldiers and prisoners might not be peenanesidents of the RID cities, they will
still be counted while estimating the total numbgpopulation affected by the RID projects.
This is because the population at each militarglmgrison is relatively constant even
though individual soldiers and prisoners come amd g

8.2.2Micro-Models For The Other Budgetary Institutions

The military bases will be included in the locatlarational SAMs and consequently the CGE
analysis will capture overall economic impact af RID projects on the military bases.
However, as with individual firms, the CGE analysidl not illuminate the military-base- or
prison-level direct effects of the RID projects.stamized micro-models are needed for this
purpose.

37 Recently, Poti utility took control over the Senalater utility.
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At the micro-level, direct effects are measuredrbgro-models. This same approach will be
used for the military bases and the prison, keepimgind some important distinctions from

the typical firm: there are no prices, entry and, @roduction output and military bases and
prisons are fully financed by the Government.

The RID IEP has chosen to prepare custom micro-taddeeach military base and prison.
These will generally follow the form of the indiwidl firm micro-models. However, the low
number of respondents (six military bases, oneopjisuggests that a one-size-fits-all micro-
model is not needed. The RID IEP has not yet pegptirese models because the military
bases and prison have not yet been visited. Eactommiodel will be different from the
others.

To construct these special micro-models the RIDWHPconduct in-depth interviews to
understand the nature of the organization, dedéigater coping strategy and costs, number
of people permanently living on the bases or ingthgon and so forth. A custom micro-model
will then be prepared for each military base ansapr.

8.2.3Security Issues

The use by the RID IEP of the approach describedeafi.e., military bases and prisons
included in local SAM — business expenditure — syr@nd micro-models) is contingent on
receiving suitable permissions from the Georgialitamy and prison authorities. It is possible
that the military or the prison authorities may yi@ermission to collect this data for security
reasons. In this event, the RID IEP will try to jpeee case studies on each military base and
prison. The precise outcomes of these negotiatiadshe final analytic method to use for the
military bases and the prison are not yet known.
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9 OVERALL ECONOMY IMPACT GROUP

The Chapter 4 described CGE analysis in genenalstevith little reference to the RID IEP
specifically. This Chapter, by contrast, includes tletails of the CGE analysis methods that
will be used for the RID IEP.

There are four Sections in the Chapter. Firstptrerall CGE analysis approach for the RID
IEP is described. Then, nine key design issuegiani$ions about the CGE analysis approach
are discussed at a summary level; decisions oe ttesdesign issues are discussed in detail
in Appendix J.

The third Section describes the micro-simulatioprapch that the RID IEP will use to
estimate the impact of the RID projects on povérey, distributional issues). Additional
details on micro-simulation are shown in Appendix K

The last Section of the Chapter describes how tBE Giodels created for the RID IEP can be
used for other purposes in Georgia, if so wished.

9.10VERALL APPROACH

This Section discusses the overall CGE approacthéRID IEP. It starts by revisiting the
Impact Hierarchy with particular emphasis on ecopavide impacts. Each of the impact
areas is described. The second Sub-Section disctieseevelopment process that will be
followed to create a range of different SAMs andEO@Godels.

9.1.1Impact Hierarchy Of The Overall Economy Impact Group

The Impact Hierarchy for the overall economy Impgaobup is shown in the following chart.
Overall economy effects include direct, indirectlamduced effects. Each of the impact areas
in the overall economy Impact Group is briefly dédsed below.

Unlike some other Impact Groups, classifying aipalar Metric in a particular Impact Sub-
Category is not always clear. For example, is agban employment of women a poverty
issue (size of labor force) or an inequality isedative size of male and female work
forces)? This is a natural outgrowth of the intégplavay in which CGE analysis is performed
(i.e., one model produces results for the entire econaotyjust one aspect of the economy).

Output. This Impact Category includes economic growthaathbrs such as overall GDP
changes (at national level and city levels), pgiteaGDP growth and capital productivity.
Metrics in this Impact Category will quantify thetal direct, indirect and induced impacts of
the RID projects.

Prices.We are interested in effects on prices in terms\a#l (by sector) and inflation

(overall changes in prices). The two main Metrieesen for this purpose are changes in real
prices and nominal prices (as reflected in the wores price index). Metrics in this Impact
Category will quantify the effect of the RID projsmn prices.
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88. Impact Hierarchy For Overall Economy Impact Group
IMPACT SUB- REPRESENTATIVE METRIC FOR IMPACT SUB-
IMPACT GROUP | IMPACT CATEGORY CATEGORY CATEGORY ("Change in ...")
GDP National GDP And GDP In Each RID City
Output Productivity Of Labor GDP Per Capita
Productivity Of Capital |GDP Per Investment Level
Real prices Real Price In Each Sector
Prices
Inflation Consumer Price Index (CPI)
Employment Level Size Of Labor Force
Poverty Wages Real Wages
Overall Economy
Expenditures Total Consumption
Household Expenditures |Distribution Of Household Expenditures (Gini index)
Inequality Gender Relative Sizes Of Male And Female Labor Force
Wealth Distribution Of Wealth (Gini index)
Current Account Net Exports
National Accounts Capital Account Net Foreign Direct Investment
Public Finance Water Utility Subsidy

Source: RID IEP Analysis.

Poverty. Impact on poverty includes changes in employmeage levels and expenditures of
households. These are economy-wide averages;dtréodtion of changes among different
household groups, for example, is an inequalityeéssot a poverty issue. Metrics in this
Impact Category will quantify the impact of the Rjpbojects on poverty.

Inequality. We will estimate the impact of the RID projectstha distribution of income
(e.g., change in the percentage of householdsexjenditures under a certain poverty line),
distribution of wealth and differential impacts women and men. Metrics in this Impact
Category will quantify the impact of the RID projgeon inequality.

National Accounts.This broad area measures effects on componeatofints at the
national level such as the current account baldoceign direct investment and public
finance (both taxes and spending in water-relateds. Metrics in this Impact Category will
guantify the impact of the RID projects on natioaatounts.

Metrics in nearly all Impact Sub-Categories wilhoe from the SAMs and CGE analysis.
Inequality impacts will be further assessed usingrorsimulation analysis. Some public
finance issuese(g, subsidies of water utilities) will come from thglity micro-models. The
following chart shows the analytic methods that bé used for the different Impact Sub-
Categories in the overall economy Impact Group.
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89. Analytical Methods Used For Overall Economy ImpaciGroup
ANALYTICAL METHOD USED
IMPACT SUB- BASLINE AND EX- | TREATMENT AND MICRO-SIMU-
IMPACT GROUP | IMPACT CATEGORY CATEGORY POST SURVEY CONTROL MICRO-MODELS | SAMs AND CGE LATION CASE STUDIES
GDP ~
Output Productivity Of Labor \/
Productivity Of Capital \/
Real prices \/
Prices
Inflation \/
Employment Level \/
Poverty Wages \/
Overall Economy
Expenditures \/
Household Expenditures \/ \/
Inequality Gender \/ \/
Wealth \/ \/
Current Account \/
National Accounts Capital Account \/
Public Finance \/ \/

Source: RID IEP Analysis.

9.1.2CGE Model And SAM Development Process

In the context of the Impact Hierarchy, the “ecogdimcludes not only the national economy

but the five city-level economies in the five RIies. Consequently, the Impact Evaluation
Design includes several sets of CGE models and SAMS

The following chart shows a schematic of the 12 Gfiilels and 7 SAMs needed for the

RID IEP. The second chart defines the different G@itlels and SAMs. Although there are a

great number of CGE models and SAMs, they areskdted to one-another so the analytical
problems of dealing with so many items will be mge®ble.

Schematic Of CGE Models And SAMs For The RID IEP

CGE

Source: RID IEP Analysis.
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91. Descriptions Of SAMs And CGE Models That Are Incluced In The RID IEP
ITEM DESCRIPTION
CGE A Starting CGE Model; Perfect Competition
SAM B National SAM Using DS Data; SACE Standard Sectors
CGE B Calibrated National CGE; Perfect Competition; SACE Standard Sectors
SAM C National SAM Using DS Data; RID IEP-Specific Sectors
CGEC Calibrated National CGE; Perfect Competition; RID IEP-Specific Sectors
CGED Calibrated Modified National CGE; Imperfect Competition; SACE Standard Sectors
CGEE Calibrated Modified National CGE; Imperfect Competition; RID IEP-Specific Sectors
SAMs E To J Local SAMS Using RID IEP Primary Data; One Per RID City; RID IEP-Specific
Sectors
CGEsFToJ Calibrated Modified Local CGEs; Imperfect Competition; RID IEP-Specific Sectors
CGEK Calibrated National CGE; Imperfect Competition; SACE Standard Sectors
CGE L Calibrated National CGE; Imperfect Competition; RID-Specific Sectors

Note: CGE models A, B and C are based on the stp@GE model with perfect competition. CGE models D
through L have been modified into monopolistic cetitipn with heterogeneous firmisg,, moving from
CGE model B to model D and moving from CGE modéb@odel E). CGE models B, D and K are

based on SACE® CGE models C, E, F through J and L are based BrllRP-specific sectors.
Source: RID IEP Analysis.

The suite of CGE models and SAMs needed for the IER) shown in the previous two
charts, will go through an organized developmentess. That process is described in the
following paragraphs.

Starting CGE Model. RID IEP CGE modeling work begins with a standafeEOmodel
(CGE A) incorporating perfect competition. This tgarlar CGE model has been used by
Team members for a variety of purposes over thevgaite. Consequently, the RID IEP is
well familiar with the details of this starting CGRodel. Details on using this particular
model as the starting model for the CGE analysiisisussed as one of the key design
decisions in a later Section of this Chapter.

National CGE And SAMs. Under the guidance of the RID IEP, DS staff wibate two
national SAMs. The first (SAM B) will follow the SBE standard design of sectors and level
of disaggregation. The second (SAM C) will be basedhe sectors specified by the RID IEP.
The base data will be the same for the two SAMS; thre aggregation schemes will differ.

The two national SAMs will be used to calibrate tmational CGE models. CGE B is a CGE
model of the national economy, expressed in thelSA@ndard framework. CGE C is a CGE
model that is customized to the needs of the RIR Ebth CGE B and CGE C are perfect
competition models.

Modify National CGEs As Needed For RID IEP.CGE models B and C will then be
modified to reflect requirements for the RID IER.particular, we will introduce imperfect
competition in many sectors, disaggregate housahotine, disaggregate labor, incorporate

38 SACE: Statistical Classification of Economic Adties in the European Community.
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labor mobility (though limited at the national Iéieis will be significant for the local CGE
models) and a variety of other changes to betflateRID IEP requirements.

The modifications will be similar in each modelotigh details will vary because of the
different sectors used in CGE B and C models andlSB and C. The output of these
modifications will be two CGE models with monoptiiscompetition with heterogeneous
firms. CGE model D will be based on the SACE standa&ctors while CGE model E will be
based on the RID IEP-specified sectors.

Local RID City SAMs. RID IEP surveys will be done and SAMs will be pregd for each
RID city (SAMs F through J). Where necessary we uge inputs from CGE E and SAM E
to supplement the primary data collected by the R The Cross-Entropy method will be
used for this purpose to balance the SAMs. Wealslb use the results of the micro-models
described in previous Chapters.

Local CGE Models.The five city-level SAMS will then be used to ¢ahte five city-level
CGE models (F through J). These CGE models withlegorimary source of city-level
economy-wide impact from the RID projects.

Recalibrate National CGE Models.The five city-level CGE models will then be used t
adjust the two national CGE models (converting d&hd E to CGE K and L). CGE K will
be based on the SACE standard sectors while CGH hewbased on the RID IEP-specified
sectors.

Estimate Impact. As described previously, each calibrated CGE madebe affected by a
shock {.e., the new water and sewer systems) and alloweetégjuilibrate. The changes in
the SAMs (pre- and post-shock) will estimate thpaet of the new water and sewer systems.

9.2KEY DESIGN ISSUES AND DECISIONS

This Section describes eleven key design issuésh@dR|D IEP wrestled with during design
of the economic analysis part of the Impact EvatmaDesign. These issues, and the resulting
decisions, affect not only the scope of answersda@a be given at the end of the RID IEP
(e.g, level of disaggregation of household income)disb the realism of the CGE models
(e.g, imperfect competition with barriers to entry).

As a general rule we have always decided matteasnay that improves disaggregation
possibilities and that improves realism. Usualtys has been at the expense of adding an
additional level of complexity to the CGE modelsviever, we have always been careful to
ensure that all of our key design decisions haes b@plemented before by other CGE
modelers. We have access to papers from a brogd drauthors in each of these key design
areas and do not see any particular problems ttharjust the amount of analytic work that
will be required.

Each design issue and decision is discussed selyaaba summary level. A more complete
discussion of each design issue is in Appendix J.

9.2.1Disaggregation Of Households

Often a single representative household is us&hiMs and CGE models. In a practical
sense this means that all households have sinofeuenption functions.g., the mix of
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products purchased is similar). However, in redityiseholds are very different; they have
different incomes, preferences and so forth. Intadda particular change, such as a new
water system, will likely affect different types lobuseholds differentlye(g, poor households
will likely be more affected by reductions in wat&ping costs than will be wealthier
households).

Over the past while CGE modelers have increasingdd multiple representative household
types. This ranges from two or three types uptéodlly thousands of household types when
CGE analysis is combined with further househol®lanalyses.

We have chosen to disaggregate households inte types for the purpose of the CGE
models and SAM&? At present, the three household types are imagisddllows.

B Lower income wage earners; sometimes called th&iagpoor, these households spend
only what is received in wages (plus some incoramfthe informal economy)

B Professional wage earners; these are householdac¢hale professionals or managers;
these households spend only what is received irrsvggus some income from the
informal economy)

B Owners of capital; these are households that iecpudfessionals or managers; income
includes wages plus returns on capital.

One way to disaggregate households is using jestiticome levels. However, after running

a simple CGE model (CGE for Poets) we found out rikal wages after water and sanitation
intervention went up, but the gap between those dwe income from both labor and capital
and who has income only from labor increased. heotvords capital owners benefited more
from the intervention than those who earn incomeubh labor alone. As a result we decided
to look at this issue from a different perspectwel include ownership of capital (and capital
income) as separate criteria while distinguishingdeholds.

During the evaluation Design discussion stage M@&i€ed a question about households with
only transfers and households who have mixed indomeincome both from capital and
labor, but who might belong to a lower income grouip the SAM, rows and columns are
devoted to government transfers to households @ewgh transfers to Georgian households.
This means that we will be able to identify the amoof transfers that have been executed to
each type of household we have included in SAMdBing so, we will be able to capture the
effect of transfers and distinguish it from incofram labor and capital. This is needed
because RID intervention is expected to affectda@mal capital income rates directly, while it
might only indirectly influence government transfand then only in the medium- to long-
term. No direct or indirect link can be identifiedtween RID and foreign transfers.

Separate columns in the SAM are devoted to labdrcapital and therefore income from
these two factors of production. These rows repitaséiows and outflows of money on this
markets and changes in quantities used, whilentipact on individuals should be shown in a
different manner. We have data on household indoome DS for 6 000 households and we

39t should be noted that decisions about househetame for the purposes of the CGE models do rietaf
how results are reported (disaggregated) for noE=@G®del Metrics.

40n Georgia professionals generally fall into twogps. Those who receive a generally fixed wagg andtl
those who have a generally fixed wage plus a stfgpeofit (a bonus) even though they are not tHiciaf
owner of the capital.
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can track down from what sources these househalds incomes. First we will break down
income levels into three groups (three types ofkbolds) and different income levels will

be primary criteria for household disaggregatios (il provide us with possible ranges for
income disaggregation and then we will decide wihaiges to choose and also will agree on
this with MCG). After this step, we will be able $ee the share of households that belong to
each category and we will also see from which sssittrom labor, capital or both)
households have at each level of income. This Wgyasenting sources of income solves the
problem of mixed income.

Income from the informal economy is also very intpot issue and given the size of the
shadow economy in Georgia (although it has decdesigmificantly) it can not be ignored.
DS has a special survey on informal economy, whathmates its size. Size of the informal
economy is part of GDR.€., while calculating GDP the informal economy isluded). We
will use the methodology and experience of DS torege the size of the informal economy
in the RID cities.

9.2.2Disaggregation Of Labor

The RID IEP will study the effects of the RID projg on labor with different skills. During
site visits we observed that in large hotels onmore people are devoted to deal with water
problems; they are always blue-collar workers. Wa&4/7 water supply is available, these
hotel water-specialists could be laid off. This me#hat productivity of hotels goes up (less
spending for a given level of output) and hotel evareceive more profits while
unemployment increases. This widens inequality betwskilled and unskilled labor.

Education, experience and position in the compaithyoe used as a criterion for labor
disaggregation into three types:

B Blue-collar workers; workers with secondary-schieskel, or lower education.¢.,
people employed as “workers”, with limited or neeitectual input)

B White-collar workers; workers with higher than sedary-school-level educationd.
employed as “office workers” with certain levelintellectual input)

B Managers; employees, who run their own businessese appointed as managers in
various enterprises, without knowing the level dfieation.

By disaggregating labor the RID IEP will be ablesgtimate the effects of the new water
systems on workforces with different skills. Ditéatial impact will be studied at the level of
the individual RID city; the same disaggregationraat be done for the national-level SAMs
and CGEs.

9.2.3Selection Of Starting CGE Model

The selection of the starting CGE model for the REP was a key design decision. CGE
models usually are not developed from scratcheratin existing CGE model is chosen and
then modified to meet the particular needs of tieenent. Starting CGE models exist in a
wide variety of forms, each with particular featsradvantages and disadvantages. The RID
IEP evaluated a range of alternative starting C&Mets to select the one that is best for the
RID IEP. This selection process is briefly desalibethis Sub-Section; additional details are
shown in Appendix J.
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Static Or Dynamic Model. The first key decision in this area was whetherde a static or
dynamic CGE model. Static CGE models incorporatg one period, with no inter-temporal
decisions. This means that economic agents indbiecgny optimize their decisions only
considering one period and they do it once an@foWith a static CGE model the modeler
must make many forecasts (scenarios) to forecastisethis complicates model use. On the
other hand, static CGE models can include manysedhey are well behaved and they are
empirically well-tested and understood in the &tere.

Dynamic CGE models, on the other hand, explicilgsider inter-temporal decisions.
Economic agents optimize their decisions in eaclogef time considering current income
and expected incomes for all future periods. Thgses of models cannot include many
sectors and they are considered experimental rdtharempirically well-tested in the
literature. The main advantage of dynamic CGE n®getheir ability to illuminate how
changes occur over time.

Static and dynamic CGE models were evaluated agauscriteria; the detailed evaluation
is shown in Appendix J. On balance, the RID IEPchasted that static CGE models are more
suitable for use for the RID IEP.

Market Structure. Market structure within a CGE model reflects tyyget of competition that
exists among firms. There are four main competitiges that could be used for the RID
IEP:

B Perfect competition

B Oligopoly competition

B Monopolistic competition with homogeneous firms
B Monopolistic competitive with heterogeneous firms.

Firms inperfect competitio©GE models are price takers. Markets clear armgbpiare set.
Many firms are on the market. There are no bart@entry for new firms; new firms enter
until profits of all firms become zero, meaningttti@ir price equals to their marginal cost
(P=MC). Firms are perfect competitors and subststuif each other, which mean they have
identical products and are not distinguished fracheother. The size of firms, defined by
their cost function, is uncertain.

Perfect competition CGE models are the oldest #taal thinking in economics with regards
to market structure. Its name “perfect” also emdeasthe fact that it does not resemble real-
life situations which are far from being perfectiaare more heterogeneous rather than
homogeneous. Nevertheless, because of the pogwéthe model there are many authors
providing manuals of their work regarding perfeainpetition.

Oligopoly competitiolCGE models have only several firms with monopawer that
enables them to set price. Because of the smalbauof firms on the market there is
strategic interaction among markets participantscivmeans every price or quantity
decision of each firm, influence the decisions thieo firms and the other way around.
Products of the firms are different but firms thefass can be either homogeneous or
heterogeneous. The size of each type of firm igletdrmined. The presence of barriers to
entry for new firms produces positive profits tastxg firms which means they set their
price more than marginal cosi(, P>MC).
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Compared to perfect competition CGE models, oligispo competition CGE models are
more difficult to structure mathematically and ihx@more effort to calibrate. However, they
enable customizations to better resemble realditerms of heterogeneity of firms and
products. Factor mobility and different types oftieeholds and labor can be included in this
type of CGE model. Future periods can also beeasiicipated. From an academic point of
view, oligopolistic competition CGE models are netv to the world and there is readily
available code.

Monopolistic competition with homogeneous filGGE model is similar to oligopolistic
competition in the sense that firms acquire monispolpower to set price on their different
products. However, the existence of a large nurabararket participants limits strategic
interaction among them; there is no influence & brm’s decisions on other firms. Firms are
homogeneous on the market and their size is datednirhere are barriers to entry for new
firms which enables existing firms to earn posifivefits by setting a so-called monopoly
price {.e., P>MC).

Monopolistic competition CGE models are moderatififcult mathematically and to
calibrate. They have only a moderate level of lattlial novelty and less resemblance to
real-life market structures. These CGE models hie ta forecast future periods easily and to
incorporate economy features such as factor mylaifid different types of households and
labor. Also, code is readily available for monoptiti models.

Monopolistic competition with heterogeneous fil@GGE models have the same features as
monopolistic competition with homogeneous firmshativo important exceptions: firms are
different from each other and not all of them neeae$y earn positive profits. In the context
of the RIP projects, these types of CGE models piehm consideration of old and new firms
in an industry'* Although these models are difficult to structurathematically and also to
calibrate, they best resemble real markets. Th€de @odels are able to forecast the future
easily and are easily customized. One of the méwamtages of this model compared to
others described above is that they have a high téhintellectual novelty and reflect the
most up-to-date economic thought. Factor mobilitgt household and labor disaggregation
can be incorporated within the model. CGE softwade is readily available.

The RID IEP used four criteria to select the beatk®t structure; details are shown in
Appendix J. On balance, the RID IEP concluded thahopolistic competition with
heterogeneous firms most suitable for use for the RID IEP.

Actual Starting CGE Model. At this point the RID IEP had decided to use a opmlistic
competition with heterogeneous firms CGE modelsMmas the overall goal. As we reflected
on how best to reach that point there were twooosti The first was to take such a model “off
the shelf” from authors who are not part of the RHP team. The second option was to use
an existing perfect competition model extensivedgdiby members of the RID IEP team
(Professor M. Alejandro Cardenete) and then matliy reflect RID IEP requirements.

To the end, the RID IEP felt that it was less rigkyake an existing very-well-known model
and then modify it for RID IEP purposes. This maddifion will be done during fieldwork.

41 A new water system reduces barriers to entey, fixed costs to create a private water systemis phts old
firms at a competitive disadvantage compared to firews. This effect can be analyzed with monopist
competition with heterogeneous firms.
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9.2.4Selection Of CGE Solver Software

The RID IEP will use GAMS (General Algebraic ModhgiSystem) as the CGE model solver.
As noted previously, a CGE model is a large nomdirsystem of simultaneous equations,
such as the following, with many parameters toesddw.

U(C,.C,.5) =In(g[C, dh+C,? ]+ yinw

GAMS is specifically designed to help create thaleidstructure it) and then solve the
system of linear, nonlinear and mixed integer eqnat GAMS is especially useful for
handling large, complex, one-of-a-kind problemsakihinay require many revisions to
establish an accurate model. GAMS is widely usegkeimeral equilibrium type economic
models.

There are good reasons why GAMS is one of the miokdly used software for CGE
modeling. GAMS lets the user concentrate on modehodels are described in concise
algebraic statements which are easy for both hurmadsnachines to read. GAMS is flexible
and powerful; many model types are available. M®de¢ fully portable from one computer
platform to another. GAMS facilitates sensitivityadysis and models are developed and
documented simultaneously.

9.2.5Selection Of Productive Sectors

The upper left quadrant of the SAM comprises tloapctive sectors of the Studied
Economy. The quadrant comprises an equal numhbmiafmns (money from) and rows
(money to). Each column or row is one productivetae The CGE analysis, based on the
SAM, creates results.€., assesses impact) for each of the productive iIseatoaddition to
results in all the other parts of the SAM.

A key CGE analysis decision is what productive @ecto use in the CGE analysis. There are
several factors that influence this decision. Tdtalthumber of productive sectors in the SAM
(and the CGE model) should be from 30 to 40. Orotieehand, having many sectors makes
the CGE analysis more informative; some researdiears created CGE models with more
than 100 sectors with estimates of impact in all 46ctors.

To the end, the RID IEP SAM has 37 productive sscas shown in the following chart.
Several criteria were considered while finalizihg tist of sectors:

B The list of productive sectors — as a whole — sihdel suitable for answering the Key
Research Questions

B Selected productive sectors should be intensivenueters; intensity of use can come
from either 1) the production process used {the beverage sector needs much water to
produce beverages) or 2) the co-location of mampleewith mostly domestic water
needs and (probably) a single water meteg,(prisons, military bases, hospitals)

B Productive sectors should be important to the Stu@iconomyi(e., the number of firms

or shares of GDP should be more than a little)dpetive sectors can be important at the
local RID city level or nationally
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B The list of productive sectors should be the samnalf national and city-level SAMs;
this means that many rows and columns will be closgero in many SAMs as not all
sectors are important in all RID cities

B Sectors that do not meet the previous four critesia be aggregated into “other”
productive sectors.

B Suitable business expenditure data (intermediatswaption) and household
expenditure data (final consumption) should belaki at the national levéf.

The evaluation of candidate sectors against thetegia is shown in Appendix J.

92. Productive Sectors In The RID IEP SAM

SECTOR GROUP # SECTOR SECTOR GROUP # SECTOR
1 gg;nss, AN, VB2 ES AT 20 |Transport Via Railways
Transport And
2 |Fishing Lo ist?cs 21 |Sea Transport And Ports
Agriculture 3 _[Forestry 9 22 |Other Transport
4 |lrrigation 23 |Logistic Services
5 |Other Agriculture AEEHHATE L 24 |Post And Telecommunications
Telecommunications
Mining And Quarrying 6 |Mining And Quarrying 25 |Retail Trade***
7 |Beverages LGRS 26 |Car Washes
8 |Other Food Manufacturing 27 |Other Trade
. 9 |Other Light Manufacturing Construction 28 |Construction
Manufacturing : : : :
Manufacturing Of Construction Financial . . o
10 ) . 29 |Financial Intermediation
Materials Intermediation
11 |Other Heavy Manufacturing 30 |Other Washing Services
12 Produ'ct'lon And Distribution Of Commercial Services 31 |other Commercial Services
Electricity
Electricity, Gas, Steam Production And Distribution Of ) )
And Hot Water Supply 13 Gas Education 32 |Education
Production And Distribution Of Health Care And Social Hospitals And Other Health
14 . 33 .
Water* Assistance Services
15 |Big Hotels Communal, Social 34 gfr\:verCSerwces —
16 [Small Hotels And Personal Services 35 er ommu_na, ocial An
Personal Service
Activities Of
Tourism 17 |cuesthouses* Exterrl.torlgl 36 Activities Qf Externtorla_l
Organizations and Organizations and Bodies
Bodies
18 |Restaurants Gov.err)ment 37 |Public Defense
Institutions
19 [Other Tourism Services

Source: RID IEP Analysis.

9.2.6Selection Of Non-Productive Sectors

The rest of a SAM includes a number of non-producsiectors. The RID IEP selected these
sectors on the basis of the decisions noted irr &b-Sectionsg(g, three types of
households). The final list of 17 non-productivetses is shown in the following chart.

2 This criterion applies only to the national SAMngsexisting DS data. The RID IEP surveys will ecl
whatever local data is needed.
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93. Non-Productive Sectors In The RID IEP SAM
NON-PRODUCTIVE SECTORS NON-PRODUCTIVE SECTORS
38 |[Labor (Male) 44 |Government
39 [Labor (Female) 45 |Personal Income Tax
40 |Capital 46 |Dividend Income Tax
41 |HHs With Low Expenditure 47 |Corporate Profit Tax
42 |HHs With Medium Expenditure 48 |Property Tax
43 |HHs With High Expenditure 49 |VAT Tax

50 |Excise Tax

51 |Other Taxes

52 |Import Tariffs

53 |Savings/Investment
54 |Foreign Sector

Source: RID IEP Analysis.

As noted previously, a second SAM will be constedaiising the standard SACE design. The
productive and non-productive sectors for this Safd shown in the following chart.

94, Sectors In The SACE Standard SAM
PRODUCTIVE SECTORS NON-PRODUCTIVE SECTORS
1 |Agriculture 17 |Labor (Male)
2 |Mining And Quarrying 18 |Labor (Female)
3 |Manufacturing 19 |Capital
4 |Electricity, Gas, Steam And Hot Water Supply 20 |HHs With Low Expenditure
5 |Tourism 21 |HHs With Medium Expenditure
6 |Transport And Logistics 22 |HHs With High Expenditure
7 |Post And Telecommunications 23 |Government
8 |Trade 24 |Personal Income Tax
9 |Construction 25 |Dividend Income Tax
10 |Financial Intermediation 26 |Corporate Profit Tax
11 |Commercial Services 27 |Property Tax
12 |Education 28 |VAT Tax
13 |Health Care And Social Assistance 29 |Excise Tax
14 |Communal, Social And Personal Services 30 |Other Taxes
15 |Activities Of Exterritorial Organizations and Bodies 31 |Import Tariffs
16 |Government Institutions 32 |Savings/Investment
33 |Foreign Sector

Source: RID IEP Analysis.

9.2.7SAM Balancing

The quality and internal consistency of data iPAdSs an important driver of the quality of
a CGE analysis. Typically, data in a SAM comes fi@rariety of sources with different
meanings of questions and different time frameis. ddlso common to have to update a SAM
with new data for only a portion of the SAM cells.

A key feature of SAMs is that the sum of a par@cudolumn (money spent by an economic
player) must equal the sum of the matching row (@yaeceived by the same economic
player). Not surprisingly, when data comes fronagety of sources the column sums usually
do not equal the row sums. This necessitates adkumss to the data so that the columns and
rows balance. This Sub-Section briefly discusses 88Ms will be balanced for the RID

IEP. More details are in Appendix J.

SAM balancing is a very common problem facing CGadelers. As a result, well
established methods exist for performing the batepnd here are even some very practical
how-to guides for balancing SAM3In fact, the SAM balancing or updating problem is
nothing but a particular case of the well-known nadtalancing problem of the linear algebra
literature (Rothblum and Schneider 1989, and Scdemeind Zenios 1990).

43 Balancing A Social Accounting Matrix: Theory Andohgation; Fofana, Lemelin and Cockburn (2005).
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The RID IEP will use the Cross-Entropy method tjustor calculate missing values in the
SAMs. This method minimizes the distance betweknoavn SAM and a projected
(unknown) one. It does it by minimizing the squadéference between each cell in both of
them, weighting that difference by the relative artance of each entry in the known SAM.
The minimization is subject to the constraints isgubby (updated) aggregate data in the
projected SAM. This method can be used to helptaactdocal SAMs from national ones,
update national SAMs from local ones or to builthfa SAMs from current ones based on
forecasts for some aggregate variables.

Before applying the Cross-Entropy method to the S#dancing problem some direct
adjustment might be necessary. In general, theigdgaevaluate the quality of different cells
in the SAM separately, based on the reliabilityhef sources used. Adjustment is made on
less reliable cells, while keeping the sum of rand columns equal.

Another approach is more specific and refers tdtdance between the incomes and
expenses of institutions€., firms, government, households). In case of iagtihs having
more incomes rather than expenses, the differeeivecken these two is considered as saving
for the same period. In the reverse case, it isidened that the difference is the demand on
credit products for the same period. In generas, viery common to use saving /investment
account for balancing purposes. There are someatjgetls used for balancing the
differences. Apart from savings/investments accegonomists often use public deficit and
foreign deficit for balancing the SAM.

9.2.8Calibration Methods

Calibration comprises determining a set of coedfits and parameters that, under the first
order conditions derived from the optimization gdevbs of agents, allows the CGE model to
replicate the database as a benchmark equilibriuirececonomy.

After calibration we obtain the following set oframeters: 1) the technical coefficients of
production sectors, both domestic and foreignh@)teéchnical coefficients for primary factors
that produce unitary value-added; 3) the shareficadts of the utility functions for
consumers and 4) the tax parameters which allote dsfine the effective tax rates for all
taxes, both the direct and the indirect ones.

9.2.9Forecasting Impact

In order to assess the impact of the RID projecthé medium- to long-term the RID IEP
will use a standard forecasting technique for CGitlats. This Sub-Section describes how
the RID IEP will do this.

A — Immediate Impact. The usual way to estimate impact is to start withtalanced SAM
(without a new water system), calibrate a CGE mtaléhe SAM, introduce new technology
into the CGE modeli.¢., the new water system), let the SAM rebalanceguia new
technology to create an updated SAM (with a nevensystem) and, finally, compare the
two SAMs (without and with the new water systemgstimate impact. This is shown
schematically in the following chart where the inthage impact is shown as A (the
differences between the two SAMS).
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95. Schematic Of Estimating Impact From RID Project
Economy Today Pro-Forma Economy Today
Without Water System With Water System

- s s s
@ INTERMEDIATES FINAL OUTPUT
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Source: RID IEP.

Typically, there is no reference to the time peiioaill take to reach the pro-forma state; it is
assumed to occur immediately.

Apply An Exogenous ChangeThe RID IEP will then apply an exogenous changedit the
economy today without and with the water system.example, GDP is assumed to be 16
percent greater, stemming from an annual growtabB percent for five years. The GDP
cells in the SAMs (and some related ones) are athagcordingly. The SAMs no longer
balancesi(e., the sum of each column does not equal the suheahatching row). This is an
unbalanced SAM. The Cross-Entropy method is usathdg rebalance the SAMs. As shown
in the following chart, there are three new comgans of SAMs (that is three new measures
of impact), that bear on the forecast.

96. Schematic Of Forecasting Impact From RID Project
Economy Today Pro-Forma Economy Today
Without Water System With Water System
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Source: RID IEP Analysis.

B — Growth Without A New Water System.The impact of growth in the absence of a new
water system is shown as B in the chart. Thisshilw changes in sectoral output, wages,
employment and so forth without a new water sydteitrwith a 16 percent growth of GDP
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(driven by the entire Georgian economy). In a séhises a counterfactual €., what would
happen without the new water system).

C — Growth With A New Water System.The impact of growth in the presence of a new
water system is shown as C in the chart. This glt®@ovs changes in sectoral output, wages
and so forth.

D — Combined Impact Of Water System And Growth.The overall impact of both the new
water system and overall GDP growth is shown as e chart. As before, this shows
overall changes in output by sector, wages anob. f

E — Impact With Counterfactual. Comparing the pro-forma economy after 16 percent
growthwith the new water system to the pro-forma economy afigpercent growthithout
the new water system is, in a sense, a differehdéferences.

9.2.10Scenario And Sensitivity Analyses

To the end, comparing the results A through E gavesry good understanding of how the
new water system influences the effect of an exogemhange on the Studied Economy.
Even better understanding is achieved by testirange of scenarios and then performing
sensitivity analyses on the results.

To understand the size of impact of the RID prgjeseveral scenarios will be considered.
Each scenario will be a set of assumptions aboater@conomic variables that are
exogenous to the CGE model. Under each scenariathes of business cycle indicators will
be agreed upon and then the impact of the RID gi®jer that scenario determined. We will
also examine the impact of the RID projects oveess time scales and for specific sectors
of the economy and locations.

The RID IEP will work with MCG to develop a rangeszenarios. The impact of the RID
projects under each of those scenarios will beradeted as described above.

We will also run a few sensitivity analyses for leacenario focusing on key variables where
assumptions are most uncertain. This will providaraye of estimates (or even a probability
distribution) around the point estimates in ea@nacio. At this moment we believe
assumptions about the following will warrant tegtthrough sensitivity analysis:

B Water and sewer service tariffs, although the REP is not a tariff study
B \Water consumption levels
B Collection rates

B Switching behaviori(e., proportion of households and businesses thatlswotthe new
municipal water and sewer systems).

9.2.11Imports And Government Transfers

During the Design review concern was raised on twhandle imports to the RID citieisg(,
primarily goods consumed in the RID city but progldelsewhere in Georgia). Import (from
the rest of Georgia) are mostly relevant to busieesFor individual households nearly all
purchases are not imports (from the rest of Gepajne they buy from local suppliers (who
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themselves may import from the rest of Georgiajexneless we will ask households about
purchases made outside the city.

For businesses we will use two approaches to tpeiingfrom the rest of Georgia) issue.
First, as businesses are asked about their puschaseill add a second question about
purchases directly from the rest of Georgia; wedbexpect this to be particularly
problematic when asked on a percentage basisditi@adwe will look into doing a general
survey among wholesalers in individual RID citiB$ successfully asks wholesalers
guestions of this type (local vs. distant produtiitor 45 product categories.

During the Design review a question was raised attmutreatment of Government transfers
as a wage. We agree that treating transfer (eit@gonal or foreign) as a wage is hard to
justify. There is no need for this assumption.

As can be seen on the following chart (SAM) theeeseeparate rows devoted to the
Government and the foreign sector. The intersedi@ween government (vertical) and
households (horizontal) represents transfers frave@ment to households. That is, we can
identify what share of household income is receiveth Government transfers and we can
identify these for each household type. We mentidhat for example third type of
household are owners of capital and also posse$ssgional labor skills. But, it might also
be true that one or more members of household eaatived, therefore receiving both a
pension and return on the capital that they owmther words, we do not need to treat
transfers as a wage because we can distinguisitagy and transfers will not play a role for
household disaggregation purposes.

By the same token, the intersection between foreggor (vertical) and households
(horizontal) represents foreign transfers. ThaGsorgians employed abroad transfer their
income to their families. As a result, income fome households will be comprised of
foreign transfers and this can be easily seenarShiM.

97. Flow Of Transfers In The SAM

Labor Labor HH (Low HH (Medium HH (High Savings/Inv Foreign
Sectors (Male) | (Female) | Capital | Expenditure) | Expenditure) | Expenditure) |Government | Taxes estments sector
Sectors
Labor (Male)
Labor (Female) l l l l l
Capital
HH (Low
Expenditure) ¢ ¢ ¢ ¢
HH (Medium
Expenditure) ¢ ¢ ¢ ¢
HH (High
Expenditure) ¢ € ¢ ¢ ¢

Government

Taxes

Savings/Invest
ments

Foreign sector

Source: RID IEP Analysis.

9.3 DISAGGREGATING IMPACT THROUGH MICRO-SIMULATION

As a macro-analysis tool, CGE analysis gives indetepesults. These shortcomings exist
for the RID IEP CGE analysis as follows:
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B We cannot measure distributional impacts on powentyinequality of householdisg,
changes in distribution of incomes or expenditures)

B The CGE analysis uses representative agetds fypical household) and fails to take
into account the full heterogeneity of the popwlatj.e., for the RID IEP CGE analysis
there are only three types of households rather iieny types)

B Macro-models have difficulties to capture the nimedrities of individual behavior.

9.3.1Micro-Simulation Concept

For this reason micro-simulation analysis is oftead to support CGE analysis. A micro-
simulation is a model based on a dataset that ik@nitaformation on individual micro-
economic agents.¢., individuals, households, firms). In other workdasically, micro-
simulations are econometric models at the levéhefindividual household or firm.

Micro-simulation is a type of partial equilibriumadel in the sense that it analyzes a single
subsection of the economy; the rest of the econisragnsidered to be exogenous. Micro-
simulation is often used to assess changes intistns of incomes or expenditurésThey
are useful because they can detect exactly thednaof the population that gains or loses
from an economic change, and the magnitude of gair or loss. This method will be used
by the RID IEP to assess distributional effectthefRID projects.

For example, imagine a specific household withréageincome. There is a market price for
all goods. The specific household consumes a oagtantity of each good, with total
consumption and the consumption of each good keefgction of the specific household’s
income, price level of each good and the consumgtiaction for the specific household.
Now introduce a change that causes income or piicelsanged.g, a new water system).
There is a new total consumption and consumptiaaoh good. The change in income and
consumption (overall and by good) is the effedhef chang®n the specific househol®ne
can perform this same analysis for every housetotir studyi(e., all households in the
survey dataset) to determine the differential ¢ftéthe changen all households

Micro-simulation models produce results such asetghown in the following chart. This
shows the effect of tax policies in the UK. Thertlshows the percentages of the population
that benefited from a particular set of changesthode who did not, separated out by income
decile. As can be seen, the impact was not equassicncome levels. We anticipate reporting
similar type results for impact of the RID projects

44 Eor exampleWho Pays Indirect Taxes In Russia@coster and Verbina, World Institute for Develamn
Economics Research, 2003. This paper describesrynsimple terms how micro-simulation was applie@mn
existing dataset to answer the titled question.
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98. Example Of A Micro-Simulation Showing Effects On Dstribution Of Household Income
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Source: Five Labour Budgets (1997 - 2001): Impact®n The Distribution Of Household Incomes And On
Child Poverty; Holly Sutherland.

For the RID IEP the analysis will proceed as fokowhe household expenditure survey will
be done among individual households. The databeilised to create SAMs and CGE models
for each RID city. The new water system will beddiuced creating new prices and incomes.
These price and income changes will be appliedi¢artdividual households with a micro-
simulation to determine differential effects.

Results will be of the type shown in the followicigart.

99. Schematic Output Of RID IEP Micro-Simulation On Distribution Of Household Income

Number Of Households

Individual Household Income
Source: RID IEP Analysis.

Micro-simulation analysis is described more fuliyAippendix K. A simple example of a
micro-simulation is included in the appendix.

9.3.2Cross-Elasticities In Micro-Simulation

During the Design review questions were asked ath@utross-elasticities that are, or are not,
implicit in the micro-simulation models. In order answer this question we need to
distinguish for a moment between CGE and micro ktmans.
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In CGE models description of household behavialeiscribed by the utility function,
optimization/maximization of which determines tlmsumption function of different goods
by households. As new equilibrium produces newgsrithe consumption function is updated
and households behavior towards consumption céreifft goods changes. The consumption
function involves modeling of preferences of houdes towards each good, which might be
fixed or dependent upon price changes. If the cmipgion function is modeled as being
sensitive to price change of all goods, cross-eitist are explicitly considered in the CGE
model. Either fixing consumption of goods, or makihdependent upon price change are
correct and it dependents on the purposes of tiaky.st

As for micro-simulations, cross-elasticities ar@sidered as a behavioral part of the analysis.
For the purpose of RID IEP we are planning to bpiaerty micro-simulation model, which
only involves description of change in behaviohotiseholds towards labor choice
depending on price change (an input from CGE). Gamion of goods in the micro-
simulation model we are planning to build is notdaled at all. Therefore no cross-
elasticities are involved. In other words, consuoptis not considered for measuring poverty.
Household income is taken as a proxy for povertgsueement and there is a well developed
applied micro-simulation model for poverty measueairbased on income (Bourguignon
2003).

For consistency of micro-simulation with CGE, iréxuired to have the match of modeling
of behavior of household in both methods. For eXamp case of labor discrete choice
micro-simulation models (Bourguignon 2003), the $&hold utility functions in the CGE
model should include the utility levels for the satabor status choice as considered in the
micro-simulation €.g, choice for being “unemployed” delivers a zerditytievel).

9.4 APPLICABILITY OF THE RID IEP CGE MODEL TO OTHER PRO JECTS IN
GEORGIA

One of the great advantages of applied generalilegum models is their capacity to explain
the consequences of major changes in a particedaorsin relation to the economy as a
whole. The consequences of a change in an ecommiiay are frequently analyzed
assuming that changes are generally small and lisgey approaches based on relevant
elasticity estimates. If the number of sectorsnslf two-sector models as used in
international trade theory are equally employedweler, if it is a disaggregated model and
several changes take place, there is no optiotolresort to the construction of general
equilibrium numeric models for the economy to helstd.

9.4.1General Features That Can Be Leveraged

Reviewing the pioneer applications of this typerafdeling, we find the main areas on which
applied general equilibrium models have had a getatnpact:

B Fiscal policy analysis
B Trade policy analysis
B Migratory policy analysis

B Interregional policy analysis
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B Agrarian policy analysis

B Stabilization policy analysis

B Modeling under conditions of imperfect competition
B Inter-temporal exchange modeling

B Environmental policy analysis.

9.4.2Examples Of Additional Analyses Enabled By The RIDEP CGE Analysis

At this moment four applications of the for the REEP CGE analysis come to mind. Each is
described in the following paragraphs.

Food Safety.The Government of Georgia is struggling to developverall food safety
strategy. There are competing interests. On ond,ltmmsumers demand safe foods. On the
other hand producers say that meeting food safatylards will be prohibitively expensive.
The national SAM and CGE model could be used tesssthe overall economic impact of
different policy options for food safety.

Estimate War Impact. An open question for Government is the overalhecoic impact of
the August war. This is complicated by the genecahnomic conditions in the world. The
national CGE, with adjustments for war effects,ldastimate the differential impact of the
war on different sectors.

Tax Policy. The Government of Georgia wishes to better undedsthe impact of indirect
taxes, particularly VAT, on different sectors oétbconomy and on overall welfare levels. The
national SAM and CGE can be used to understane #iféscts.

New Infrastructure Projects. CGE analysis is being used by the RID IEP to astes
impact of the RID projects. The same methodologydbe used to assess new infrastructure
projects at the feasibility study stage.
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10 COMPLEMENTARY ACTIVITIES IMPACT GROUP

One of the Key research questions deals with utatetsig complementary effects of the
RID projects with other MCG financed Projects. Tisishe sixth Impact Group:
complementary activities. This refers to the intet®n of effect between the RID projects
and other MCG activities, or in one case anothgomaitiative.

Upon reflection it became clear that the baselimkex-post survey and economic modeling
methods used for other Impact Groups would noigefftly capture the subtle effects in the
complementary activities Impact Group. Consequetliy RID IEP has chosen to use case
studies for this Impact Group. The Impact Hierarfdnthe complementary activities Impact
Group is shown in the following chart.

100.  Impact Hierarchy For The Complementary Activities Impact Group
IMPACT SUB- REPRESENTATIVE METRIC FOR IMPACT SUB-
IMPACT GROUP | IMPACT CATEGORY CATEGORY CATEGORY ("Change in ...")
S-J Road Project Tourism Case Study Results (e.g., number of tourists from Armenia

in Borjomi and Kobuleti)
Case Study Results (e.g.,
water supply)

increased output due to better

ADA Agricultural Output

Complementary
Activities

GRDF

Economic Activity At
Micro (company) Level

Case Study Results (e.g.,
better water supply)

reduced production costs due to

Free Industrial Zone
(FI12)

General Economic
Activity In The FIZ

Case Study Results (e.g.,
investment)

water as an enabler of

General Economic
Activity In Poti

Case Study Results (e.g.,
investments at the FIZ)

indirect and induced effects from

Source: RID IEP Analysis.

There are four Impact Categories, one for eachebther MCG activities. The free
industrial zone in Poti is an exception; it is aotMCG initiative. The Impact Sub-Categories
reflect the particular intersection of RID projé@tipacts and the impacts of the MCG
initiative: tourism for the S-J Road Project, agtiaral output for the ADA, economic

activity for GRDC and economic activity in the frieelustrial zone and in Poti generally.

The individual firms who have received ADA or GRRhding will be included in the pre-
post surveys that will be done. To avoid samplirrgrs, their data (probably) will not be
included in the overall strata used for analysiswigver, their data will be used for analyses
in this Impact Group.

The nature of the complementary impacts causes @ffost in this Impact Group to be
focused on case studies as described shown ioltbeiihg chart and described in the
following four Sections.

101. Analytical Methods Used For The Complementary Activties Impact Group

ANALYTICAL METHOD USED

MICRO-SIMU-
LATION

BASLINE AND EX-
POST SURVEY

TREATMENT AND
CONTROL

IMPACT SUB-

CATEGORY SAMs AND CGE CASE STUDIES

\/

IMPACT GROUP | IMPACT CATEGORY MICRO-MODELS

S-J Road Project Tourism

ADA Agricultural Output

Complementary
Activities

Economic Activity At
Micro (company) Level
General Economic
Activity In The FIZ
General Economic
Activity In Poti

Source: RID IEP Analysis.

GRDC

Free Industrial Zone
(F1Z)

< [ < | <<

The Chapter has four Sections, corresponding téotlmelmpact Categories.
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10.1SJ ROAD REHABILITATION

Rehabilitation of Samtskhe-Javakheti road is exquett facilitate transportation of tourists
from Armenia and Turkey to Georgia. The former wrenimportant for Georgia, since few
people from Turkey come to Georgia for holidaysn&nians however, come to Georgian
seaside resorts intensively during summer. Sindauk&di, one of the RID target cities is a
popular place for Armenian tourists, effects of med water supply combined with
facilitated transportation has a potential of dregtnore incentives for Armenians to travel to
Georgian resorts.

How to determine causality — whether the increagbeé number of tourists is due to
improved water supply or due to road? Or, how maaue to water and how much is due to
road? This can be identified by interviewing foreigurists or managers of hotels to
understand how Armenian tourists decide whethéotmlay in Georgia. These questions are
not particularly relevant for the baseline (peagdenot know of the new road, so why would
they have an opinion about it) but they are velguant in the ex-post case. We will use case
studies, particularly ex-post, to understand thesges.

10.2ADA

ADA, a seven million USD MCG project, has finandetb agriculture-oriented projects all
over Georgia. From the total, four projects haverbinanced in Kutaisi, which include: a
greenhouse, fruit dryer, hazelnut processing @adtmeat processing plant. No other
projects in other RID target cities have been faeghby ADA.

The total amount of investment in Kutaisi enteggiamounted 260 000 USD, which is a
small amount relative to the local economy. Consatly, CGE analysis will not be able to
account for potential benefits at this level. Syssen the other hand will enable us to
understand the effect of RID on the enterprisesrfied by ADAY However, we feel that
more attention should be devoted to studying tmeptementary effects of the RID projects
with other MCG projects.

Using the case study method we will look at différaspects of the RID projects as applied to
ADA financed projects. First, all of the four ADA&nced projects will be studied and
intensity of water consumption will be evaluatedsBd on in-depth interviews with company
representatives and micro-model for each of the ¢ompanies will be created. This will
enable us to understand possible firm-level affeERID on target companies. Based on
initial information gathering further interviews lpe able to understand better potential
impact areas of the RID projects on these fourdirm

One important aspect of RID intervention is thate@a water supply system is improved, it is
easier for new businesses to enter the markett@ddecrease in fixed costs) and for existing
ones coping costs are (probably) reduced, creatimmg opportunities for expansion and
development. If the ADA project beneficiaries haheady invested money in alternative
water systems, then this investment will be categdras a sunk cost. However, benefits
from reduced operating costs will still remainchse the costs related to alternative water

tis likely that the ADA recipients will not ba¢luded in the formal survey to avoid sampling esro
Nevertheless, they will be administered the suiasirument so that we can better understand the
complementary impacts of the RID and ADA projects.
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supply have not yet been incurred, the potentiaébes for these companies from the RID
projects increases.

Apart from analyzing information available intertyah the companies, the case study
approach will attempt to study similar enterpriy@gscities other than RID target ones, where
the water supply system is similar to a pre-relitatibn (baseline) situation in RID target
cities. The comparison will enable us to captueedfiect of water system rehabilitation on
similar enterprises across treated and non-trezatied. This analysis will not be based on
usual treatment and control methods.

10.3GRDF

The same approach as described above can be useRmB, which has financed several
companies in the RID target cities. The projeatariiced by this program include a hotel,
concrete factory and a fishing company in Poti artdtel in Kutaisi.

Using the case study approach the RID IEP will gageep insight into the newly financed
companies and the influence of water on their ssrand coping costs. From our initial
observations we know that hotels, food processamgpanies and fishing companies are
medium to high intensity water users. Consequethté/importance of water supply
improvement should be significant for them.

10.4EREE INDUSTRIAL ZONE

The Poti Free Industrial Zone (FIZ) is in the prexef being leased to tenants. Reportedly,
the FIZ was not considered during the feasibilitydy for the Poti water system. On the other
hand, it is unlikely that the FIZ would be possiblghout the new water system.

The RID IEP will assess the impact of the new waystem on the FIZ through detailed case
studies in two areas. First we will look at impadathin the FIZ itself. This is likely to focus

on water as a business development enabler. Sewendill look at the impact of the FIZ on
Poti generally and determine if the new water systeeates any knock-on benefits. It is also
possible that firms within the FIZ will be parttbie business surveys, although this is
dependent on the sampling design.
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TREATMENT AND CONTROL AND PLANNED SURVEYS
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11 TREATMENT AND CONTROL

The RID IEP created the Impact Evaluation Desigiwie purpose of meaningfully
measuring the impact of the RID projects. Our wgekerally fell into two areagleciding
what to measurandhow to properly perfornthe measurements. Chapters 5 through 10
described what to measure in the six Impact Gréejs total spending on water and sewer
services for individual households). This Chaptsalibes how to properly perform the
measurement so that the conclusions are reliable.

Reliability means that the methods used demonsteatsality for key elements being
measured. The key elements which can show causadity

B Concomitant variation (correlation)
B Appropriate time order of occurrence
B Elimination of other possible causal factors.

A basic Impact Evaluation Design (one-group prepesttest design, without treatment and
control) addresses the first two elements. Thelthiement, eliminating other possible causal
factors, requires a treatment and control methbds iB the subject of this Chapter.

The Chapter is divided into four Sections. Thet f8sction describes the treatment and
control method the RID IEP will apply. This inclugldiscussions of alternatives that were not
selected and ends with a list of problematic ame#ise selected method along with general
mitigation strategies.

The second Section discusses how the RID IEP tawdirselect the control group.€., the
individual households and firms that will be thetrols). The next Section discusses which
Impact Groups will receive the treatment and cdmtrethods. The final Section discusses a
number of sample size issues vis-a-vis treatmeshtantrol requirements.

11.1THE RID IEP TREATMENT AND CONTROL METHOD _“°

The terms of reference for the RID IEP are to penfquantitative impact evaluation
including an explicit counterfactual analysis. Thisans that the RID IEP should estimate
impact by comparing the actual observed outcomemgrRID project beneficiaries with
counterfactual outcomesd., the hypothetical outcomes that would have predarh the
absence of the RID project). Individual househald&rms are either beneficiaries of an RID
project or not; they cannot be both. Consequettiteyhypothetical counterfactual outcomes
cannot be directly observed. The central objeaivguantitative impact evaluation is to
estimate these unobserved counterfactual outcomes.

11.1.1Use Of Controls In The Impact Evaluation Design

The use of controls is not always required. Thib-Section discusses this issue and describes
why the RID IEP Design includes controls.

4®The organization of this Section draws heavilyngaterial fromimpact Evaluation: Operational And
Methodological Issuepublished by the Asian Development Bank; Septerabes.
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Before And After Without Controls Methods. A common technique to evaluate projects is
to compare before and after outcomes for the same@f individual households or firms.
This method observes the change in the state dfdheficiaries. This creates a biased
estimate of impact because it fails to considertwlwuld have happened to the households or
firms if the project did not occur.

The absence of controls might also lead to underasbn or overestimation of impact from
the RID projects. For example, assume that a peatidkID project resulted in an
improvement of the average water supply schedala  hours a day to 18 hours a day. In
the absence of controls, we might conclude thaintipact of the RID project on the water
supply schedule is a 13 hour increase.

However, we would not know what would have happendtie absence of the RID project.
Suppose that in the absence of the RID projectsvéter supply infrastructure would have

continued to deteriorate due to underinvestmentlaadvater supply schedule would have
deteriorated to 3 hours a day. This suggests hleaintpact of the RID projects on the water
supply schedule is a 15 hour increase, more thaprexgeously estimated.

Before and after comparisons only tells us whaplkapd, not why. It is a description of the
factual, rather than an analysis of a counterfaciiree situation before intervention, in some
of the cases, is not an adequate counterfactuze sitmer things may have changed between
before and after, which also affect the outcome.

On the other hand, if the attribution is very olmspthere is not always a need for a
comparison group and the before versus after apprgavalid. In case of the RID IEP, there
are many Metrics where the effect is directly htitable é.g, perception of water quality).
There are other Metrics where the effect is naaliy attributable. Treatment and control
methods will be used in these cases.

Use Of Controls.A second technique is to compare outcomes betaggaup of households
or firms that are beneficiaries of an RID projedtwa group of households or firms that are
not beneficiaries of an RID project. The key testhiethod is to make the two groups (with
and without the RID project) as similar as possitilat is, to minimize selection bias. This is
not always easy; the balance of this Chapter dsssusow the RID IEP proposes to avoid this
selection bias.

There are generally two quantitative impact evatuatethods that can create the
counterfactual: random experimental designs andiegxperimental designs.

11.1.2Random Experimental Design

A random experimental design would avoid selechi@s by using a genuine random
selection of households and firms to receive RI@gmt benefits (or not to receive the
benefits). Random experimental designs are somsfpossible, even for infrastructure
projects.

For example, a random experimental design wasegppd water and sanitation related

interventions in Orissa, India (Pattanayak, 200®&jenty villages were randomly selected to
receive a Government-funded sanitation campaiggatirent villages received an intensive
information, education and communication (IEC) caigp geared at stimulating demand or
individual household latrines, and subsequenthgricial and technical support to construct
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household latrines. For evaluating an impact of ta@paign on child health twenty control

villages were also randomly selected. Control giis had similar observable characteristics
as treatment villages, except they did not receieantervention. In this case, the treatment
and control villages were randomly selected fromgame population.

A random design is not possible for the RID IERe RID cities were not chosen randomly by
MCG and other donors. Selection criteria were segh as the availability of completed
feasibility studies, time required to finish théadilitation projects, amount of investment
required and others. Given these conditions, aeraxental design for RID IEP is infeasible.

11.1.3Quasi-Experimental Design

Quasi-experimental designs are a good alternathenva purely experimental design and
randomizations is not possible or practical. Qeagierimental design gives the opportunity
to study and compare subjects or groups of subjeatsare already naturally organized rather
than to have to conduct random assignment of stshjadditionally, utilizing quasi-
experimental designs minimizes threats to exterakdlity as natural environments do not
suffer the same problems of artificiality as congghio a well-controlled laboratory setting.

Findings in a quasi-experimental design allowssfmme generalization to be made about
population. It is also efficient in longitudinalsearch that involves longer time periods which
can be followed up in different environments.

Undertaking a quasi-experimental design seemshiieafsir RID purposes. Based on
predetermined criteria, controls can be construatigd similar observable characteristics as
treatment cities or individual households and fir@ace optimal controls are constructed,
certain impact areas can be identified for compass

In this type of design a comparison group is careséd using matching or reflexive
comparisons. Matching implies identification of @atial controls comparable in essential
characteristics to the treatment group. Both gralqmuld be matched on the basis of either a
few observed characteristics or a number of thexhate believed to influence program
outcomes. Matched comparison groups can be selbefeck project (called prospective
studies) or afterwards (called retrospective st)diehe RID IEP will use some of both.

Statistical techniques are used in quasi-experiahelesigns to construct the counterfactual.
Two non-experimental methods are often combineddate the counterfactual: propensity

score matching (PSM) and difference in differen@®). The RID IEP will apply these two

methods together in applicable areas.

Propensity Score Matching (PSM)In PSM beneficiaries of the RID projects are matth
with non-beneficiaries using individual observabi@aracteristics. Each beneficiary is
matched with a small group of non-beneficiaries #ra most similar to the beneficiaries in
all areas except for being a beneficiary of an Rtbect. The probability that the two groups
are similar — are from the same population — (flep@nsity score) is estimated using a
statistical model such as the logit or probit mo@amparing the mean outcomes of these
two groups (beneficiaries and matched non-benegsacreates the counterfactual.

PSM methods are often applied to existing data8etsgle survey result can be used,;
depending on the subject being assessed, theoepigrticular requirement to have pre- and
post- observations.
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PSM methods will be used for the RID IEP.

Difference In Differences.DID, with or without PSM, compares the changehia situation
of beneficiaries and non-beneficiaries before tH2 project with their situation after the RID
project?’ This method requires both baseline and ex-posegwork.

The DID method assumes that outcomes for bendésiand non-beneficiaries would be the
same in the absence of the RID project. This assammay or may not be valid.
Consequently, PSM is often combined with DID to roye the similarity of the treatment
(beneficiary) and control (non-beneficiary) groups.

DID with PSM will be the treatment and control madlused for the RID IEP.

11.1.4Bias And Other Error Issues In Quasi-Experimental Designs

There are several problems with non-experimentdhots that should be considered in the
details of the RID IEP Design. These problems eraatumber of estimation biases and other
errors. We have considered these and other sooftéss and structured the Design to
minimize the likelihood or the impact of the bias.

Omitted Variable Bias. The first kind of estimation bias arises fromifaglto account for
observable variables or when the assumed spe@ficatincorrect, in that it omits an
independent variable that should be in the model elkample, if education is a determinant
of knowledge of proper sanitation practices thenimduding education when applying PSM
will result in a biased estimate of the matchinghability. This will give the wrong matched
non-beneficiaries and consequently a wrong couaterél constructed from these wrong
matches. The estimated project impact is therefm@rect.

Selection BiasThe second kind of estimation bias is called seledias and comes from
endogenous program placement. Assignment of povediyction programs often is
determined by selection criteria, for example, medelow a certain level. This endogenous
program placement effectively makes program paitis and nonparticipants different in
some set of characteristies g, in income level). Even when participation is vahry, that
participants self-select into the program makemtdédferent from non-participants. For
instance, borrowers in a microenterprise finanog@m may be intrinsically more
entrepreneurial or more willing to take risk thamsborrowers. Because of these endogenous
program assignment and self-selection participatioose who are in the program are often
not a good comparison for those in the program.

The observed difference in the outcome of intesetiterefore attributable to both the
program and the pre-existing differences betweeticgzants and non-participants.

Measurement Error. Measurement error is error or bias that occurswvgueveys do not
survey what they intended to measure. This typamofr results from flaws in the instrument,
question wording, question order, interviewer ertioning, question response options and so
forth. This is perhaps the most common and modilenoatic collection of errors faced by

the polling industry. The only solution of such égoof is to ensure that the detailed evaluation
and survey design are in rigorous accordance wety Research Questions.

47 Of course only the beneficiaries are in the RIDjget area. The situations of the non-beneficiaaiessimply
measured at the same moments as for the benefiari
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Non-Response Error.These errors result from not being able to inempeople who would

be eligible to take the survey. Non-response lsidisa difference in responses of those people
who complete the survey compared with those whaseefo participate for any reason. The
most important matter in order to minimize non-@sge error is to train survey staff in the
best manner.

Misspecification. Another source of estimation bias comes from apasification in
modeling the behavior of beneficiaries and non-belagies. Modeling misspecification may
be theoretical or methodological depending fromahtsource it comes. Theoretical
misspecification arises when the researcher mdkelscenario which is incorrect from the
standpoint of economic theory or from well knownté&a Methodological misspecification
results when the initial scenario is correct bud onmore elements are inadequately
communicated / correlated at the analytical stage.

For example, one may specify labor income as atifienction of individual attributes such
as education, age, and work experience. By corginjc¢his assumes that causation goes in
one direction: from individual attributes such dsi@ation, age and work experience to labor
income. In reality, it could well be a reverse mtgion from labor income to individual
attributes €.g, higher labor income permits higher levels of edion). Specifying a model

of a one-way direction therefore is erroneous &edesstimated program impact is biased.

Contamination. This problem is not unique to quasi-experimenéaigns; it is common to

all baseline and follow-up survey designs. The dmities (without an RID project) could
receive a new water system between now and whefioltbe/-up surveys are done. There are
a number of agencies that could finance the watstesn (MDF, KFW, WB, ADB). If the
control cities receive a water system then theyrmmatonger be used as controls, or more
properly, the individual households and firms witkie cities can no longer be used as
controls {.e., the controls have been contaminated).

Another source of contamination might come fromittiervention itselfi(e., intervention

can create benefits for people located in pladesrdhan target locations). If these locations
or people from those locations are selected asaenthe results of the comparison will be
biased. In many cases, researchers try to selattiot®from places neighboring the
intervention target to ensure similarity of treatrhand control group. Although this might
ensure similarity of the two groups, in fact thetrol group can be exposed to contamination
risk.

There are other potential sources that might lhasttcomes. For example, the free
industrial zone that is being constructed in Po#@xXpected to create significant economic
growth in the city and also affect not only neigtibg locations, but all of Georgia. Plans for
another free industrial zone in Kutaisi have bemmoanced. If these happen, it will be
difficult to attribute economic growth, decreasaimemployment and other forecasted
benefits to water and sewer system rehabilitation.

Mitigation Measures. Antidotes to these estimation biases and potesrtrals exist. They
often are technically complex and data-intensivevé\itheless, the most important matter is
to ensure that the staff doing detailed surveygiteand sampling are aware of the problem
areas and are continually thinking about how tagaie the potential in the detailed Design.

In quasi-experimental designs, econometric teclesgue used to model the participation and
outcome processes and arrive at an unbiased estohptogram impact. Propensity score
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matching and multivariate regression methods cofdrcelection on observables whereas
instrumental variable methods control for selectbarunobservable. The general idea is to
compare RID target groups and controls holdingcsielle processes constant. The validity of
guasi-experimental evaluation results depends anwell the evaluation model is specified
and the survey methodology, particularly sampliegign, is created.

In order to prevent design bias, quasi-experimayploaches are frequently supported by
statistical modeling techniques such as probityaisl survival analysis and hierarchical
regression analysis.

Probit analysis is designed for situations wheredr regression is inappropriate or
problematic. Like logistic regression, it can handichotomous variables and several
different groups of subjects with abnormal popwlatilistribution characteristics.

Survival analysis allows statistical analysis démwals between two events when the second
event does not happen to everyone and when olgiextshserved over different periods of
time.

Hierarchical linear models are useful becausekeariassical analysis of variance models,
they do not require that the elements of the wituhjects model be orthogonal to each other.
Perhaps more importantly, hierarchical linear mimdetan deliver a powerful test of program
effectiveness with very small samples, becaudafisghe unit of analysis from samples of
individuals (households or firms) to samples otastons’, where data are collected on a
continuous basis over a significant length of time.

11.2SELECTION OF CONTROL GROUP

As described in the previous Section, the RID IEPapply a quasi-experimental design
using PSM and DID. Key to using these methodsagtioper selection of the population to
use as the control group.

Two options were considered: citywide controls aathe type of stratification at the city
level and then controls selected from among indiaidhouseholds and firms within the
stratified city groups. The two following Sub-Sects discuss each.

11.2.1Citywide Controls

The new RID water and sewer systems are genemilghnstalled on a city-wide basis. A
logical control for a particular RID city, then, widl be a comparable city that does not have
an RID project, selected with some form of PSM.

There are several factors that are relevant in mgakicontrol-city decision:
B Structure of the economy must by similar in taeysd control city

B Target and control cities must have approximatedydame potential in terms of
economic development

B Condition of infrastructure in target and controéas must be more or less similar
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B Rehabilitation of the water and sewer systems maoishappen in control cities until the
evaluation phase is conducted.

The following chart summarizes the relevant featuriethe RID cities.

The RID IEP spent considerable time understandiaghaiture of the economies and
economic potential of the RID cities. This is désed in Appendix B. For treatment and
control purposes, we took a close look at othéesih Georgia to see if there were any that
matched the RID cities on the basis of their ecaeerand economic potential. The analysis
was based on a number of indicat@$( population, structure of economy). We concluded
that, in fact, the RID cities are each unique mieof economic structure and geography and
that there are no suitable control cities, ceryamdt for all five RID cities.

This conclusion was reached inash hocmanner. For example, Bakuriani is a skiing resort
and this sector is the major component of the exynaf the city. The only other skiing resort
and possible control city for Bakuriani in Georgiaerms of business development is
Gudauri. However, Bakuriani and Gudauri are extigrdegferent in terms of population and
this causes difference in terms of the potentigheflabor force and prospects for economic
development.

Another RID city, Poti, is the largest port and afi¢he most important communication
centers in the country. The only other port in¢bantry is Batumi. The possibility of pairing
these two cities was discussed but the RID IEPladed that there is not a good match
because:

B Despite of the fact that both of the cities haymg, tourism is the most important
component of the economy of Batumi while Poti isenmdustrial oriented; there is very
little tourism in Poti

B Poti contains the Free Industrial Zone and this ria@kes the city absolutely unique from
all areas of the country.

The RID IEP also took a close look at the currafrastructure situation and infrastructural
rehabilitation plans for cities that might be catdrfor RID cities. There are a number of
cities that have water and sewer systems in an stpta of disrepair compared with the RID
cities. However, Georgia has attached high priddtymproving water and sewer systems in
all its cities. Consequently, the probability igtgthigh that between now and when ex-post
surveys would be done that several or even allrobaities would have their own water and
sewer projects. If this happened, then the usessloéthose cities as controls would be zero.

To the end, matching of each RID city to a confrel, city-to-city) on the basis of structure

of the economy and economic potential is not péssithe next Sub-Section describes the
recommended alternative.
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11.2.2Stratified Controls

As discussed in the previous Sub-Section, a chgHtocontrol approach is not feasible for
the RID projects. Consequently, the RID IEP devetban alternative approach based on
stratification of the RID cities. This alternatigpproach is described in this Sub-Section.

Stratification Of RID Target Cities. There are many differentiating characteristicsovhi
make the RID cities unique in terms of economy g@algraphy. Nevertheless, the five RID
cities can be grouped into industrial cities argbrecities. This creates the opportunity to
divide the RID cities into two strata — industrgadd resort — as shown in the following chart.

103. _ Stratification Scheme For RID (treatment) Cities

STRATA 1 STRATA 2
INDUSTRIAL CITY RESORT CITY
Kutaisi Kobuleti
Poti Borjomi
Bakuriani

Source: RID IEP Analysis.

This strata structure will enable the RID IEP tonpare differences in treatment and control
industrial cities and treatment and control resiigs.

Selection Of Control Cities.With RID cities divided into two strata, it nowdmmes more
feasible to identifygroupsof cities for each stratum.

Potential control groups / strata for each stratware identified using following selection
criteria:

B Main characteristic of city — Resort/Industrial
B Expected water rehabilitation project

B Water supply schedule

B Water quality

B Population

B Economy (distribution by size and directions)
B Availability of gas

B Availability of electricity

B Roads quality / accessibility.

Based on actual observations and mini-surveys adadun potential control cities, several
candidate cities were identified as members okthetum control groups as shown in the
following chart.
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104. Stratification Scheme For Control Cities

STRATA 1 STRATA 2
INDUSTRIAL CITY RESORT CITY
Rustavi Tskaltubo
Zugdidi Abastumani
Gori Tsagveri
Batumi Surami
Akhaldaba

Source: RID IEP Analysis.

The following chart shows the features of the sitiethe two strata.
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Features Of Strata One (industrial) Cities
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Features Of Strata Two (resort) Cities
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11.3APPLICATION OF TREATMENT AND CONTROL DESIGN TO IMPA CT
AREAS

As described in previous Chapters, the Impact E&tadn Design is of mixed character; a
number of analytical methods will be used. Alsalascribed previously, there are a number
of impact areas to which one or more of the anadytinethods will be applied.

The following chart shows the impact areas to wihiehtreatment and control design will be
applied. Treatment and control methods will beipaldrly important for the individual
households and individual firms Impact Groups.

Generally, those impact areas that are based @fift@snd ex-post survey analysis and
micro-model analysis will have controls appliedo$k impact areas based on SAM and CGE
analysis, micro-simulation analysis (based on tE&Cesults) and case-study analysis will
not have controls applied.
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Applicability Of Treatment And Control Design To fract Sub-Categories

IMPACT GROUP

IMPACT CATEGORY

IMPACT SUB-
CATEGORY

ANALYTICAL METHOD USED

BASLINE AND EX-
POST SURVEY

TREATMENT AND
CONTROL

MICRO-MODELS

SAMs AND CGE

MICRO-SIMU-
LATION

CASE STUDIES

Individual
Households

Total Water And
Sewer Cost

Monetary Costs

\/

\/

Economic And
Perceptual Willingness

\/

Coping Time

\/

Water Consumption

\/ (water audit)

Quality Of Life

Health Incidents

\/

Perceptions Of Safety
And Adequacy

Perceptions Of
Organoleptic Properties

Public Sanitation
Information

Individual Sanitation
Practices

Time And Inconvenience
Of Not 24/7 Water

Self-Reported Water
Consumption

Gender Issues

2 |2 |22 |<2|<2]<

Individual Firms

Total Water And
Sewer Costs

Monetary Costs

Willingness To Switch

Water Consumption

Business Enablers

Expand Existing
Business

Enter New Business

Water Utilities

Operations

Supply

Demand

\/
\/
\/
\/
\/
\/
\/
\/
\/
\/
\/
\/
\/
\/

Water Quality

Finance

Cost Structure

Financial Viability

Efficiency

P [ P B e P P P ) P

Governmental
Institutions

Public Health System

Institutional
Arrangements

Water Borne Disease
|Incidence

P P P B - P ) P e

Other Budgetary
Institutions

Prisons

2

Military Bases

Overall Economy

Output

GDP

Productivity Of Labor

Productivity Of Capital

Prices

Real prices

Inflation

Poverty

Employment Level

Wages

Expenditures

Inequality

Household Expenditures

Gender

2

Wealth

National Accounts

Current Account

Capital Account

Public Finance

<[22 |22 |2 |22 |22 |<]|<2]|=<

Complementary
Activities

S-J Road Project

Tourism

ADA

Agricultural Output

GRDF

Economic Activity At
Micro (company) Level

Free Industrial Zone
(FIZ)

General Economic
Activity In The FIZ

General Economic
Activity In Poti

< | 2| 2] <<=

Source: RID IEP Analysis.
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11.4SAMPLE SIZE ISSUES

The RID IEP is presently working on setting sangaes as part of the next report
(Deliverable F). A key input to this analysis isaexning the expected incidence and effect of
the RID projects on different Metrics. For this pase we have selected indicative Metrics in
the Impact Sub-Categories where treatment andaomiif be used and then estimated
expected incidence and effect for each. The restifsis analysis are shown on the following
chart.

The chart is preliminary in the sense that we aesgntly dividing Metrics into two groups:
B Relatively few Primary Metrics that will drive salegsize decisions
B Remaining Metrics that will be used for analytipalposes.

Results for the few Primary Metrics will be fullygported with valid sample sizes as free as
possible of selection biases and with good coustauntls. These Metrics will determine
overall sample sizes. Remaining Metrics will betale for analytical purposes.(,
understanding willingness to switch) but they Wwikely not be supported with suitable
counterfactuals.

During the Design review questions were asked alvbether setting sample sizes based on a
3 percent standard error will be able to captueartpacts of the RID projects. In order to
decide what amount of standard error was acceptableoked at all the Metrics we will be
using. The majority of Metrics are such that a Bpet change in them would be very small
compared to what we are expecting to achieve fl@RID projects.

For example, if we look at coping costs, a 3 perdecrease in these expenses can be
categorized as no impact, since this is very somatipared to what we expect to see as a
result of RID projects. We might anticipate thagréawill be about 50 percent reduction in
coping costs, although other costs may well resg,(municipal water costs).

There are other Metrics where even 0,1 percentgehenimportant. For example output at
the city level, or employment. These types of Msstilat a more macro -level) will be
estimated using CGE analysis and thus are notthjirdependent on survey standard errors.
When DS measures GDP or other macro-variables,usepurveys where acceptable
standard errors range between 3 and 7 percent. Wowhis does not mean that a 5 percent
change in GDP will not be captured.

These are examples of the judgment we have usamhte up with an acceptable level of
standard error for each impact area and analytethod.
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Incidence And Likely Effect For Key Metrics In The Individual Households And Firms Impact

107.

Groups
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12 PLANNED SURVEYS

This Chapter describes the nine surveys / caseesttitht comprise the RID IEP primary data

collection:

B Household survey (comprehensive survey)

B School follow-up (visit local schools if needed dd®n household survey)

B Household water audit (survey oriented, but smalian the household survey, to
understand water consumption)

B Business survey (comprehensive survey)

B Wholesaler survey (close to a census of large velatdes with in-depth interviews to
understand imports to the RID city)

B Water utilities survey (census of all the utilitiwgh in-depth interviews in several
functional areas to understand utility performance)

B Water engineering company survey (relatively fevdapth interviews for specific
engineering data collection)

B Investor case study (relatively few in-depth intewws to understand importance of water
to the investment decision)

B Public health case study (relatively few in-depiteiviews to understand impact on
public health system)

B Complementary activities case study (relatively fewdepth interviews to understand

complementary effects).

In the balance of this Chapter, each survey ane stagly is described with sufficient detail to
understand its general objectives and approach &awey and case study will be elaborated
in full detail during Detailed Survey Design, comiafter the Impact Evaluation Design is
approved.

The first Section, the household survey, also éoatgeneral information about the survey
process that is applicable to all the surveyg,(selection of interviewers, pilot testing).

12.1HOUSEHOLD SURVEY

This Section briefly describes the household suthayis part of the RID IEP Design. Final
details will be developed during detailed survegige.

12.1.1Survey Purposes

A comprehensive and quantitative household surveyliey element of the RID IEP Design.
The use of data from the household survey is desgin Chapters 5 and 9 and Appendixes
E, G and J. This survey will provide data to estarimpact of the RID projects on individual
households and data on:
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Socio-demographic structure of households

Coping and non-coping water and sewer costs faovishaal households

Estimates on the willingness of households to $witcthe new water and sewer systems
Time spent coping with less than 24/7 water supplg, running private water wells)
Prevalence of water-borne disease

Perceptions about the safety of the water and seystéems and overall satisfaction with
each

Perceptions about the physical features of wateretated to safetye(g, taste, color)
Availability of public sanitation information

Individual sanitation practices in households

Time and inconvenience of not having 24/7 w#ter

Self-reported water consumption and conservatiaotjmes

Gender impacts of less than 24/7 water

Income and expenditure patterns among househ@d€@E analysis).

12.1.2Survey Technigue And Sample Size

The household survey will use face-to-face intewgigvith one representative in each
sampled household. The survey instrument will shin a later report.

Sample sizes are shown in the following chart;ehee derived from an assumption that
errors of the 50 percent prevalence parametersasses shall not exceed 5 percent with 95
percent reliability for the groups of each RID aty well as in the control cities.

48 This is distinct from the third item that consisiéime spent obtaining or storing water. Ratherfand
example, this item deals with inconvenience fromnbng able to take a bath or shower at any tiperaon
chooses.
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108.  Household Survey Sample Size
MAXIMUM SIGNIFICANCE
TOTAL POSSIBLE OF DESIGN
Group Type City NUMBER OF HH ERROR EFFECT SAMPLE SIZE TOTAL
Bakuriani 621 5% 1.5 355
Resort Borjomi 4124 5% 2 702
Target Kobuleti 5027 5% 2 713 3278
Industrial Phot! : 12 915 5% 2 746
Kutaisi 54 611 5% 2 762
Tskhaltubo
Abastumani
Resort D.Tsagveri 7715 5% 1.2 440
D.Akhaldaba
Control D.Surami 900
Batumi
Industrial ~ [220 95 943 5% 1.2 460
Rustavi
Zugdidi
Total 4178

Source: RID IEP Analysis.
The sample size will be further refined during dethsurvey design.

The questions included in the household surveyaagely shown in Chapters 5 and 9 plus
Appendixes E, G and J.

12.1.3Sampling Frame

For household surveys two sources will be useti@sampling frame: 1) DS population
census and 2) water system maps which are avadahdeal water utilities. The latter is
important to understand which neighborhoods incihehave been rehabilitated and which
have not been not. This is important to understhadlistribution of benefits among city
inhabitants.

Two step cluster random sampling will be applietidaseholds using 2002 census data. The
following formula was used to determine samplessindarget and control cities:

109. Formula Used For Sample Size Determination
2
_ p@-p)xH, XZ 1 -ayi2
PA=P)XZypy, +H; xE

Where:

H; - number of households imegion

£- maximum possible error

Z a-g2— (1-a)/2level quartile of standard normal distribution
p —expected significance of the evaluated parameter

doff- expected significance of design effect.

12.1.4Methodological Matters Applicable To All Surveys

The following describes a number of methodologmatters that apply to the household
survey as well as other surveys described latesd@imatters are not repeated for the other
surveys.
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Pre-test — Pilot Study.A pre-test (pilot study) will be conducted in orde:

B Test survey techniques applied to the questionnaire
B To finalize the questionnaire
B Test and calibrate micro-models.

The sample size of the pilot study will be abouiri@rviews. We expect to conduct the pilot
testing in Poti but a final decision on pilot studyget area will be made later.

In order to ensure the best feedback from the ptlody professional interviewers, who have
undertaken specialized training on conducting pgesting, will be used for the pilot testing.
For example, after completing each interview, titeriviewers will fill in special forms
designed for the pilot study, where they will malates concerning the questionnaire.

On the basis of interviewers’ notes and after #a gained through pilot testing are
processed, the final version of the questionnailiebe elaborated.

Interviewers Team.ACT has professional teams of interviewers irregjions of Georgia.

The ACT interviewer team is specialized in a raafearious respondent segments as well as
in various techniques such as face-to-face intersjighone interviews, in-depth interviews
and so forth.

ACT recruits interviewers in accordance with théigyoof the company and adopted
procedures. Namely, interviewers are recruited dasetesting of general skills after which
candidates undergo a complete course of genefalitpees for interviewers and become
closely familiar with Esomar Code of Ethics. Aftae completion of this course the field
department holds follow-up testing; interviewers fanally hired only after successfully
completing the final tests. After the tests intewers are specialized in various study
techniques.

For the RID IEP local interviewers from each tanggfion will participate. Overall
management of the interviewer team will be appirech ACT Thilisi office but local
regional offices will organize city teams.

Field Personal Training. Training of the RID IED interviewers will be heiid two phases. At
the beginning the ACT field department togethehwiite survey manager will train regional
supervisors on administrative issues and projestifpations. Regional supervisors will visit
the ACT Thilisi office and MCG and all team membet#l be invited to attend the training
sessions.

The second phase of the field personal trainingjsoeiheld in the RID cities. Interviewers
will be selected for the RID IEP according to thegecialization and experience. Trainings
will be led by the field manager together with tevey manager. Regional supervisors will
attend local training sessions as well.

On these training interviewers will learn in detail

B Subject of the study and project specifications
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B Study tools; the survey instruments (questionnaiate cards, incomplete interview
form, technical report form, show cards and sdhfort

B Sampling procedures.

Together with the theoretical part, practical sessiwill be held where interviewers will be
divided into “interviewers” and “respondents” ame treal interviews will be performed.

ACT will prepare all documentations for trainingsdadistribute it among field team
including supervisor’s survey manual, interviewes'svey manual, sampling guidelines and
so forth.

Fieldwork Quality Control. Monitoring of field works will be conducted by tlentrol

group using a pre-designed special questionnairecific questions will be agreed with the
ACT project manager. Along with the field works tlkeader of the control group designs the
action plan for monitoring. Monitoring of field wikg will be conducted in three phases: start,
progress and completion.

Quality assurance will be enforced by:

B Attendance of field supervisors during the intense

B Check of completed questionnaires through the plhere possible)
B Checking interviewers’ daily reports

B Field trips of Project Quality Control Group to thervey areas.

The Project Quality Control Group will apply procees of the quality monitoring and check
about the 20 percent of the interviews on the falhgy aspects:

B Authenticity of conducting interviews and askingcalestions
B Relevancy criterion of respondents to the survestau
B Consistency of selection criterion with samplingueements and so forth.

In the end, in-office consistency checks of all tbenpleted questionnaires will be carried
out, with appropriate corrective action to resaws inconsistencies. ACT staff will revise
the validity of each questionnaire. Thus, 100 petroé the questionnaires will be controlled.

Data ProcessingData will be processed in the Statistical Packag&ocial Sciences (SPSS
v. 15.0). Statistical analysis of the data obtawdticonsist of the following stages:

B Coding open-ended questions
B Creating data file

B Data entry

B File cleaning

B Data processing and statistical analysis.

179



RID Impact Evaluation Project
TBSC, ACT

Outcomes of the statistical analysis will includeguencies, cross tabulations, Chi-square
test, t-test, rates and so forth on all surveydattirs. Outcomes of the statistical processing
will be used for traditional survey analysis ashaslfor SAM and CGE analysis, micro-
simulation and micro-models.

12.2SCHOOL FOLLOW -UP

There are several questions in the household swwegerning sanitation possibilities for
children in their schoolse(g, is flowing water available in the bathrooms). 3&guestions
will be asked of the household member completimgsiliirvey. If the respondent does not
know the answers to these questions (very likélghtthe RID IEP will visit local schools to
visually confirm the proper answers for the quesio

12.3HOUSEHOLD WATER AUDIT

This Section describes the household water aualitishpart of the RID IEP Design. Final
details will be developed during detailed survegidge. Procedures described in the Section
on the household survey will be applied to the kbo&d water audit as well.

12.3.1Survey Purposes

The household survey will ask households genemdtipns about their water consumption
and water use. Our expectation that answers viilaeperceptions rather than being based
on hard facts. Consequently, a household watet auitlbe used to more firmly establish the
actual amount of water consumed by households.g§meering approach will be used to
estimate consumption in several different areas. Désign is described in Sub-Section 5.2.9.

12.3.2Survey Technigue And Sample Size

Face-to-face interviews with direct observation arehsurements will be use for the water
audit. Interviewers will be equipped with measuritigks, containers and stopwatches to
estimate volumes and flows of water used for déffepurposes. These will be combined with
questions asked of the household representative.

The final sample size has not yet been determifeethe end it is expected to be about 25
percent the size of the household survey.

12.3.3Sampling Frame

The water audit will be applied to a sub-set oftibeseholds participating in the household
survey. The method of selecting (the 25 percesbdof the household survey participants to
include in the water audit has not yet been detazthi

12.4BUSINESS SURVEY

This Section describes the business survey thrisof the RID IEP Design. Final details
will be developed during detailed survey desigmcedures described in the Section on the
household survey will be applied to the businesgesuas well.
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12.4.1Survey Purposes

A comprehensive and quantitative business survaykesy element of the RID IEP Design.
The use of data from the business survey is destiibChapters 6 and 9 and Appendixes H
and J. This survey will provide data to estimatpawt of the RID projects on firms and data
on:

B Firm profile

B Monetary costs of firms not having reliable watér”2

B Estimates of willingness to switch to the new wated sewer systems among businesses
B Overall water consumption among firms

B Income and expenditure patterns among businesse€@EE analysis).

12.4.2Survey Technigue And Sample Size

The business survey will use face-to-face intergieuth probably several representatives in
each sampled firf The survey instrument will be shown in a lateromrep

Currently estimated sample sizes are shown indl@fing chart; these are derived from an
assumption that errors of the 50 percent prevalpacameter assessment shall not exceed 5
percent with 95 percent reliability for the grouggseach RID city as well as industrial and
resort towns.

110. Business Survey Sample Size

TARGET GROUP FIRMS OPERATING IN TARGET CITIES (PRIVATE SECTOR)
Survey Methodology Quantitative survey
Survey Technique Face-to-face interview
Bakuriani 25
Borjomi 77
Poti 126
Kobuleti 91
. Kutaisi 183
Sample Size Total in target areas 502
Control areas 400
Total 902
Volume of separate industries in each city will be identified based on
the city’s economic structure after the data from DS is available.
Estimates Sampling Error 5 percent

Source: RID IEP Analysis.

12.4.3Sampling Frame

The volume of sampling within the settlements &f sub-group will be distributed
proportionally to the square root from the numbiegrdgerprises in the settlement. We will use
stratified sampling based on the full list of biesises operating in the target and control cities
provided by DS and the Tax Department.

4% Some guestions will be best answered by the Qireehile others will require help of the chief acotant.
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At the first stage of sampling formation, baseettlement points will be split into strata
according to their turnover and volume of waterstonption. All large enterprises, 25
percent of middle-size and 10 percent of smallrpniges will be interviewed. Sampling of
middle and small enterprises will be carried outdaydom sampling method. Additional list
will also be formed together with the main listalf interview cannot be conducted with any
of the enterprises, it will be replaced from theifidnal list of enterprises in the same
stratum.

12.5WHOLESALER SURVEY

This Section briefly describes the wholesaler sythat is a part of the RID IEP Design.
Final details will be developed during detailedvayrdesign. Data from the wholesaler
survey will be used in the CGE model; details &@ in Chapter 9 and Appendix J.
Procedures described in the Section on the houssholey will be applied to the wholesaler
survey as well.

12.5.1Survey Purposes

The CGE analysis requires estimates of importsitbexports from each RID city, imports
being the more problematic of the two. Importshis sense typically would be products
produced in the rest of Georgia and consumed ifRtBecity. We will ask businesses during
the business survey about their consumption patieen purchases from 37 productive
sectors). We will also ask them to divide thosecphases, on a percentage basis, between
purchases from local companies and from foreignpaomes in the rest of Georgia. This will
give us one measure of imports to each RID city.

The Wholesaler Survey will supplement those comnehssby directly asking the largest
wholesalers in each city about domestic (withig)cind foreign (in the rest of Georgia)
supply to the RID city. This will give another meas of imports to the RID city.

These two measures of imports to each RID cityarheof the 37 productive sectors will be
used in the CGE analysis.

12.5.2Survey Technigue And Sample Size

Meetings with wholesalers will be a series of irpitheinterviews with a complete interview
guide. It is a misnomer to call this a survey; eaflhis is in-depth qualitative research.

During the interviews we will cover the whole rangassues related to imports to the RID
city. There will be a number of survey forms to qete as well.

We expect that a relatively small number of intews in each RID city will capture a very
large portion of imports to the city. The final salesizes have not been determined.

ACT professional interviewers specialized in cortthgcqualitative studies and economists
will be teamed together for the wholesaler suriiegome project areas we assume that local
interviewers will not have relevant knowledge amgexience for conducting the interviews.
In these cases, trained interviewers from Thilidii ke sent to the RID cities (and control
cities) for the interviews.
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All interviews will be recorded on digital recordeaind later detailed transcripts will be
prepared. Both the records and the transcriptsbeitirchived and sent to the survey team.

12.5.3Sampling Frame

The snowball technique will be used for the setecof participants. Results are not expected
to be statistically based.

12.6 WATER UTILITIES SURVEY

This Section briefly describes the water utilitsesvey that is part of the RID IEP Design.
Final details will be developed during detailedvayrdesign. More information on this
survey is shown in Chapter 7 and Appendix |.

12.6.1Survey Purposes

One of the six Impact Groups is Water Utilitiesttwimpact Categories of Operations and
Finance. During the Water Utility Survey we willl@et data on:

B Condition of water and sewer infrastructure
B Supply of water, as viewed by the utility

B Demand for water, as viewed by the utility
B Water quality and testing results

B Cost structure

B Financial viability

B Staffing and other efficiency measures

B Problems with rehabilitated systems.

12.6.2Survey Technigue And Sample Size

Meetings with water utilities will essentially besaries of in-depth interviews. It is a
misnomer to call this a survey; rather, this islepth qualitative research.

There is one water utility in each RID city ande control cities. We will conduct several
face-to-face interviews in each water utility, th different people according to their

spheres of competenc®dn addition to interviews, we will prepare and mbofficial letters
to the water utilities to provide us with more infaation related to their financial situation.

So far, we have visited water utility companiesha RID cities three times. Water utility
representatives are very friendly and have provigedith all the information we have asked
for. We anticipate few problems in obtaining théadled data that is needed.

*0 some guestions will be best answered by the Qireehile others will require help of the chief acotant.
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In some respects, it is a misnomer to describevtir& with utilities as a survey. In fact, it is a
census with in-depth interviews on a variety ofjeats. A total of about 30 interviews will be
done.

ACT professional interviewers specialized in cortthgcqualitative studies and economists
will be teamed together for the water utility survim some project areas we assume that
local interviewers would not have relevant knowledad experience for conducting the
interviews. In these cases, trained interviewarmfm bilisi will be sent to the RID cities (and
control cities) for the interviews.

All interviews will be recorded on digital recordeaind later detailed transcripts will be
prepared. Both the records and the transcriptsbeitirchived and sent to the survey team.

12.6.3Sample Frame

The water utility survey will be a census; all watélities in the RID and control cities will
participate.

12.7WATER ENGINEERING COMPANY SURVEY

This Section describes the water engineering ssctwey that is part of the RID IEP Design.
Final details will be developed during detailedvayrdesign.

12.7.1Survey Purposes

The micro-models used for households and firmsdfitesd in Chapters 5 and 6 and
Appendixes E and H) are engineering based in theesthat they request costs for digging or
renovating wells, installing pumps and so for. Dgrthe household and business interviews
we will ask respondents about how much they spemifferent types of water installations.
We will specifically ask about historical costs tbese items.

Separately, we will do face-to-face interviews withter engineering sector companies in
each RID city to estimate current costs for thees@ypes of water installations. The water
engineering companies are involved in water irstialhs as part of their normal business so
they will have a very good understanding of curicosts.

We will also use the water engineering companiaotthle check the semi-variable and
variable costs that we are receiving from individu@useholds and firms.

Costs from the water engineering companies wikkdrmbined with costs from individual
households and firms to arrive at a consensus atet installations costs.

12.7.2Survey Technigue And Sample Size

Structured in-depth face-to-face interviews willused for the water engineering company
survey. We expect to complete about 30 such irdervias part of the RID IEP.

ACT professional interviewers specialized in cortthgcqualitative studies will be teamed

with economists for the water engineering compagrviews. In some RID cities we
assume that local interviewers will not have refévanowledge and experience for
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conducting the interviews. In these cases, traintaviewers from Thilisi will be sent to the
RID cities (and control cities) for the interviews.

All interviews will be recorded on digital recordeaind later detailed transcripts will be
prepared. Both the records and the transcriptsbeitirchived and sent to the survey team.

12.8INVESTOR CASE STUDY

This Section briefly describes the investor suribeat is part of the RID IEP Design. More
information on this survey is shown in Section 6.3.

12.8.1Survey Purposes

Part of the Individual Firm Impact Group is busmesablers, for either existing businesses
or new businesses. We understand that the preseatsence of a suitable water and sewer
system is an important consideration when makidgasion on a large investment,
particularly for a large hotel or resort. The Ineesase study interviews will be used to
understand these factors better.

The investor survey will focus on relatively fewghivalue investors, 15 or fewer. We will
interview the successful and failed investors tdarstand the influence new water and sewer
systems would have on their investment decisiohga@icular importance will be:

B Importance of rehabilitated water and sewer sysiarttse investment decision
B Infrastructural problems

B Expectations regarding the RID projects.

Results will be documented as a case study.

12.8.2Survey Technigue And Sample Size

In-depth face-to-face interviews will be use foe thvestor case study. There are relatively
few large investors in water-related areas in Gadaglay; we hope to speak with most of
them.

12.8.3Sampling Frame

We will use our own contacts with investors andghewball method to select respondents.
In this case data are not expected to be of staistharacter and representative sampling
strategy will not be applied.

12.9PUBLIC HEALTH CASE STUDY

This Section briefly describes the public healteecatudy that is part of the RID IEP Design.
Final details will be developed during detailedvayrdesign. More information on this case
study is shown in Chapter 8.
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12.9.1Survey Purposes

We will prepare case studies concerning the impattte RID projects on the public health
system. The basis of these case studies will legi@ssof in-depth interviews with doctors and
other professionals in the public health arena.

The research questions for the doctors and pubhdtthsector survey are described in detail
in previous Chapters. They generally fall into tbibowing categories:

B Prevalence of water-borne disease
B Public health initiatives in the RID cities
B Expectations for improvements from the new water sewer systems

B Likely responses by the public health system toRHe projects €.g, possibly reduced
need to focus on water borne disease and mordiatigraid to other diseases).

12.9.2Survey Technigue And Sample Size

In-depth face-to-face interviews will be used foe public health case study. We expect to do
approximately 30 interviews in preparation of wigithe case studies.

12.9.3Sampling Frame

The top-down method will be used to select respotsdd hat is, we will meet first with
ministry officials and then work our way to lessiee staff.

12.10COMPLEMENTARY ACTIVITIES CASE STUDIES

This Section briefly describes the complementatividies case study that is p art of the RID
IEP Design. Final details will be developed durdedailed survey design. The case study is
described in more detail in Chapter 10.

12.10.1Survey Purposes

Other MCG initiatives are underway in the RID atidt is possible that there will be some
interaction between the RID projects and the oMh&(G initiatives €.g, a company
supported by the ADA could also benefit from a veater or sewer system). The interaction
between these projects will be the subject of traglementary activities case studies.

12.10.2Survey Technigues And Sample Size

Face-to-face interviews with recipients of other GlI@rojects will be done for the
complementary activities case study. A this timeewpect there will be 20 or so interviews
done for this purpose.

12.10.3Sampling Frame

MCG will provide lists of beneficiaries from othBICG initiatives in each of the RID cities.
It is likely that the RID IEP will interview evergompany on those lists.
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