








o CDM and the Forum should assess the likelihood of providers achieving the maximum
10% distribution system loss mandated by the Municipal Water Law. Assumed non-
revenue water fractions should be adjusted as needed.”

Scenario Descriptions.--The scenario specifications should be expanded to include related
changes in other explanatory variables. For example, different demographic projections
should be associated with different growth rates for income and possibly with different
mixes for future employment. Weather-related scenarios that result in more or less seasonal
water use should be associated with higher or lower growth rates for price, respectively.

Weather-Production Model.--The Weather-Production Model should be re-estimated,
eliminating the employment term. If a time trend--uncorrelated with weather variables--is
still evident, it can be removed in various ways that do not introduce the likelihood of
coefficient bias. However, due to the small amount of available data, this step should be
approached cautiously.

Weather Adjustment of Seasonal Use.--Once unbiased weather elasticities have been
obtained from a revised Weather-Production Model, the weather adjustment to seasonal
water use should be revised to include a price term. The price elasticity should be based on
the consensus of the literature regarding the price elasticity of (specifically) seasonal use,
minus the price elasticity of year-round use already incorporated in the model.

CHANGES THAT CAN BE MADE LATER

e Verification and Backcasting.--As per the present status of the forecasting study, there is

no way to judge the explanatory power of the model. As noted elsewhere in this report and
in the Task 1 Memorandum, verification and backcasting are the only available means of
testing explanatory power at the time of model development. In this case, verification and
backcasting have not been performed as of the date of this review. Although less
satisfactory, the alternative would be to perform future year verifications. Sometime after the
year 2010, for example, data could be collected on all the explanatory variables and used to
calculate water use for 2010, as well as water use by sub-region.”’ A close examination of the
results might suggest improvements and/or build confidence in the explanatory power of
the model.

THINGS TO KEEP IN MIND

e Omitted Variables.--In the interest of transparency and usability, some known explanatory

variables were omitted from the forecasting model. These include housing density,
household size, housing type mix (e.g, rental apartments, condominium apartments, semi-
detached units, etc.) and variables affecting non-residential uses. The effect of omitting
these variables is to assume that they remain unchanged throughout the forecast period. If,

60 The definition of distribution losses in the Municipal Water Law excluded unmetered withdrawals which are tracked
and accounted for, (such as main flushing, fire suppression, etc.) as well as losses from transmission mains.
61 This test can also be limited to selected sub-regions.
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in the future, changes in these factors are noted, it is possible to correct the forecasting
model by either (1) recalculating the affected water use factors or (2) revising the affected
water use models.

Elasticities.--The price and income elasticities were not empirically determined for the
region, but were based on results from other studies as modified subjectively by local
experience. If future demand studies in the region suggest different values for these
elasticities, consideration should be given to replacing the values used in the forecasting
model.

Price and Income Trends.--The baseline forecasting assumptions include most likely long-
term trends for real marginal water and sewer price and real median household income. If;
after a number of years, it appears that the long-term trends have diverged from these
assumed values, consideration should be given to altering the baseline forecast assumptions
accordingly.
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DOCUMENTS REVIEWED

SCOPE OF WORK

CDM Scope of Work (as conveyed via e-mail by Kyle Comanor on Nowv. 19, 2007)

MEETING NOTES (APPROVED)

Jan. 11, 2007: Joint meeting-Municipal Water Demand Forecast & Municipal Water Supply
Assessment Advisory Committees

Feb. 8, 2007: Joint meeting-Municipal Water Demand Forecast & Municipal Water Supply
Assessment Advisory Committees

Mar. 1, 2007: Municipal Water Demand Forecast Advisory Committee

Mar. 15, 2007: Joint meeting-Municipal Water Demand Forecast & Municipal Water Supply
Assessment Advisory Committees

Apr. 5, 2007: Municipal Water Demand Forecast Advisory Committee

Apr. 19, 2007: Joint meeting-Municipal Water Demand Forecast & Municipal Water Supply
Assessment Advisory Committees

Jun. 7,2007: Municipal Water Demand Forecast Advisory Committee
Jun. 21, 2007: Municipal Water Demand Forecast Advisory Committee
Jul. 19, 2007: Municipal Water Demand Forecast Advisory Committee
Aug, 16, 2007: Municipal Water Demand Forecast Advisory Committee
Sept. 20, 2007: Municipal Water Demand Forecast Advisory Committee

Oct. 18, 2007: Municipal Water Demand Forecast Advisory Committee (including two tables: (1)
Central Puget Sound Percentage of Non-Revenue Water to Total Production (10-18-07), and
(2) Puget Sound Draft Projections of Percent Served Using Available Data)

Now. 8, 2007: Municipal Water Demand Forecast Advisory Committee
Dec. 6, 2007: Municipal Water Demand Forecast Advisory Committee

Jan. 17, 2008: Municipal Water Demand Forecast Advisory Committee
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PRESENTATIONS
Jul. 6, 2006: Seattle Public Utilities Water Demand Forecast Model — Bruce Flory
No Date (possibly 20067): City of Everett, Water Demand Projection Methodology — (No name)

Jun. 21, 2006: Puget Sound Regional Council (PSRC) Forecasts and Planning Data — Mike
Simonson & Tim Michalowski

Mar. 1,2007: Water Demand Forecasting Approach — Presented to the Water Demand Forecast
Advisory Committee — CDM

Jun. 7,2007: Water Demand Forecast Model: Technical Memorandum - Presented to the Water
Demand Forecast Advisory Committee — CDM

Jul. 19, 2007: Water Demand Forecast Scenarios - Presented to the Water Demand Forecast
Advisory Committee — CDM

Aug. 16, 2007: Data Collection and Water Demand Factors - Presented to the Water Demand
Forecast Advisory Committee — CDM

Sept. 20, 2007: Re-Calculation of Unit Use Factors - Presented to the Water Demand Forecast
Advisory Committee — CDM

Sept. 20, 2007: Analysis of Water Production - Presented to the Water Demand Forecast Advisory
Committee — CDM

Oct. 18, 2007: Water Conservation Scenarios - Presented to the Water Demand Forecast Advisory
Committee — CDM

Oct. 18, 2007: Water Production and Weather Model- Presented to the Water Demand Forecast
Advisory Committee — CDM

Now. 8, 2007: Preliminary Water Demand Forecast and Forecast Scenarios- Presented to the Water
Demand Forecast Advisory Committee — CDM

Dec. 6, 2007: Water Demand Forecast Scenarios- Presented to the Water Demand Forecast
Advisory Committee — CDM

Dec. 6, 2007: Comparison of Existing Water Supply and Demand Projections- Presented to the
Water Supply Assessment Advisory Committee — CDM

Jan. 17, 2008: Water Demand Forecast Memo Update — Presented to the Water Demand Forecast
Advisory Committee — CDM

Feb. 21, 2008: Water Demand Model Modification- Presented to the Water Demand Forecast
Advisory Committee -- CDM
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TECHNICAL MEMORANDA AND CORRESPONDENCE

Feb. 2007: Municipal Water Demand Forecast Advisory Committee- Background for the DCM
Team, Demand Forecasting Model

Feb. 2007: Municipal Water Demand Forecast and Water Supply Assessment Advisory Committees-
Background for the DCM Team, the Role of Conservation

May 22, 2007: (memo header date of May 10, 2007) Technical Memorandum Task 4.1 to Don
Wright. Central Puget Sound Regional Water Supply Outlook: Water Demand Forecast
Model, from Dan Rodrigo and Bill Davis

May 22, 2007: Ibid. Technical Memorandum Task 4.1. Central Puget Sound Regional Water
Supplier’s Forum Water Demand Forecast Model — Model Scenarios, from Dan Rodrigo and
Bill Davis

Jun. 28, 2007: Correspondence from Richard Reich (e-mail) to Demand Forecast Advisory
Committee members and CDM, posing questions Re the demand model structure proposed
for discussion at the next advisory committee meeting

Jul. 02, 2007: Correspondence from Dan Rodrigo (e-mail) to Members of the Demand Forecast
Advisory Committee and Don, in response to and regarding questions concerning the
demand model structure proposed for discussion at the next advisory committee meeting
posed by Richard Reich (e-mail) June 28, 2007.

Jul. 30, 2007: Technical Memorandum Task 2.4 to Don Wright. Central Puget Sound Regional
Water Supply Outlook: Historical Curtailment Events, from Dan Rodrigo and Bill Davis

Jul. 30, 2007: Technical Memorandum Task 2.5 to Don Wright. Central Puget Sound Regional
Water Supply Outlook: Self-Supplied and Large Water Users, from Dan Rodrigo and Scott
Coffey

Aug. 9, 2007: Technical Memorandum Task 2.0 to Don Wright. Central Puget Sound Regional
Water Supply Outlook: Data Collection and Processing, from Dan Rodrigo, Scott Coffey
and Bill Davis

Aug. 9, 2007: Ibid. Attachment 1 — 11 X 17 Plots of Surveyed Water Purveyors and Planning Sub-
Regions, Attachment 2 — Demographics by County

Oct. 23, 2007: Memorandum to Don Wright. Demand Forecast Scenarios (including table of
“Assignment of Water Use Factors as of 11-2-07”), from Dan Rodrigo

Now. 28, 2007: Memorandum to Don Wright. Revised Growth Rates and Elasticities for Price and
Income, from Dan Rodrigo

Jan. 4, 2008: Memorandum to Don Wright. Central Puget Sound Regional Water Supply Outlook:
Task 4.1: Water Demand Forecast Model — Updated, from Dan Rodrigo and Bill Davis
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Jan. 18, 2008: Memorandum to Don Wright. Central Puget Sound Water Demand Forecast Task 3:
Water Use Profile, from Dan Rodrigo and Bill Davis

Feb. 1, 2008: Memorandum to Don Wright. Central Puget Sound Regional Water Supply Outlook:
Task 4.2: Weather-Production Analysis, from Dan Rodrigo and Bill Davis

REPORTS

CDM, 2008 Central Puget Sound Regional Water Supply Outlook: Water Demand Forecast
Technical Appendix, (draft report), April 7, 2008.

SURVEY FORMS

Central Puget Sound Water Suppliers' Forum, 2008 Regional Water Supply Outlook, Water Utility
Survey (one example of “Long Form,” one example of “Short Form”)

STATE OF WASHINGTON DOCUMENTS

House Bill 1338 (Second Engrossed Second Substitute), 58" Legislature, 2003 1% Special Session,
“Municipal Water Supply — Efficiency Requirements Act of 2003,” commonly known as the
Municipal Water Law.

Office of Drinking Water, “Summary of the Water Use Efficiency Rule,” Washington State
Department of Health, Division of Environmental Health, DOH PUB. #331-302 (update),
July 2007.

Office of Drinking Water, “Metering Requirements,” Washington State Department of Health,
Division of Environmental Health, DOH PUB. #331-306 (update), July 2007.

Office of Drinking Water, “Distribution Leakage Standard,” Washington State Department of
Health, Division of Environmental Health, DOH PUB. #331-304 (update), July 2007.
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APPENDIX

Water Demand Forecast Review:
Scope of Work and Schedule

Scope of Work
Work will be conducted in three tasks.

Task 1.--A Review of the Model Development Approach

This task will include examination of the forecasting model, data requirements and data collection protocols, and the
suitability of the model for the Puget Sound application. Note, however, that this task will address only those
questions that can be answered with the reports or other documentation available by mid-November 2007. Any of
the following questions which cannot be answered in this task will be deferred to Task 2.

Among the questions to be asked about the model is whether it is sufficiently detailed but not overly complex;
whether the degree of disaggregation produces reasonably homogeneous water use sectors; whether the model
reflects current knowledge of the relationships between explanatory variables and water use but is still adequately
transparent; and whether it imposes data requirements that can reasonably be met. The model design should reflect,
as much as possible, consensus views of causal and other relationships. It should also minimize the role of judgment
in producing a forecast.

Data requirements, data sources, and data specifications will also be examined in this task. Data should be fully
documented and obtained from reliable sources. Where sampling or survey methods are used, the resulting estimates
should be robust and statistically significant (where possible). Data gaps should be clearly identified and corrected
by statistically sound and reproducible methods. Generally, the documentation of the data collection phase should be
sufficient to allow another investigator to replicate the data set. In addition to a review of these issues, decisions
regarding data specification (e.g., for the price variable) will be examined in this task.

A very important part of Task 1 is the determination of the suitability of the forecasting approach to the Puget Sound
Region application. The model must include the relevant water use categories; incorporate variables which are
capable of reflecting structural, economic, and demographic shifts; and must support the planned policy analyses.
For example, the forecast should accurately reflect seasonality in water use, the effect of weather variation, the effect
of climate change, future rate-making practices, and the effect of changes in water conservation policies.

The deliverable item for the first task will be a memorandum to the Independent Review Sub-Committee ("Sub-
Committee") outlining the scope of the investigation, noting the limitations of the available information at this early
stage, and summarizing the conclusions reached. The memorandum will also indicate which issues or questions are
deferred to Task 2, due to lack of information. If weaknesses in CDM's approach have been identified, they will be
described and, where possible, corrective actions proposed.

Task 2.--Review of the Final Model

This task covers the same topics addressed in Task 1, with the addition of a review of the application of the final
model. The task will be based on whatever CDM reports or other materials have been completed by mid-December
2007.
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To the extent that questions regarding the modeling approach, data collection, and model suitability could not be
addressed in Task 1, they will be taken up again in Task 2.

Task 2 will also address some specific questions: If any changes have been made in the modeling approach, are
those changes properly justified? Do any changes detract from the transparency, credibility, or other characteristic of
the resulting forecast? Does the forecasting approach properly deal with sources of uncertainty or bias? Does the
forecasting approach facilitate future updates? Will data collection for future updates be unnecessarily burdensome?
Can the model be readily modified to reflect feedback from future forecasting applications?

If CDM has identified forecasting scenarios, this task will examine the way in which those scenarios were
developed. Are the scenarios plausible? Is the set of scenarios balanced and bias-free? Are the scenario definitions
appropriate to the decision/policy context?

Finally, this task will seek to determine if the final forecasts are likely to be fully supported by the methods and data
and whether they are expected to be transparent, credible, persuasive, and useful.

The deliverable item for this task is a short draft report to the Subcommittee. After review by the Subcommittee and
participating agencies, the report will be revised to reflect any questions or comments received. It is possible that the
final, revised report will be submitted after the completion of Task 3.

Task 3.--Presentation of Review to Subcommittee

The Reviewer will provide a presentation of the results of this review to the Subcommittee, interested Forum
members, and the model development team. In the course of a half-day workshop, the Reviewer's comments will be
presented and questions and responses will be discussed. It is anticipated that the results of this workshop will be
incorporated into the final report on Task 2.

Proposed Schedule
14 Nov 07 Notice to Proceed
16 Nov 07 Materials received from Subcommittee/CDM for review
19 Dec 07 Task 1 report submitted
30 Jan 08 Draft Task 2 report submitted*
Feb-Mar 08 Presentation of review to the Subcommittee at a time to be selected by the Subcommittee
Final Task 2 report will be issued 14 days after receipt of Subcommittee comments on
draft Task 2 report.**
* Schedule for Task 2 assumes that complete documentation of the Final Model will be available not later

than 19 Dec 07. If documentation is not complete at this time, the completion of Task 2 may be delayed.

ok Due to late completion of CDM materials, schedule dates were revised several times. The most recent
dates for completion are:

5 May 08 Submission of draft final report
15 May 08 Presentation of review to Subcommittee
26 May 08 Submission of final report
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