
1 
 

 

 

 

 

An Analysis of the City of 
Waukesha Diversion Application 

Focusing on Conservation and Efficiency Measures, 
Demand Forecast, and Alternative Sources of Water Supply 

 

 

 

 

 

 

 

 

 

 

 

 

Jim Nicholas 
February 2013 

 

 



2 
 

 

 

Contents 

 

Introduction .........................................................................................................................1 

Water conservation and efficiency measures .....................................................................1 

Implemented CEMs ......................................................................................................2 

Planned CEMs 2012 to 2016 ........................................................................................4 

Recommended future CEMs in FWCP post-2016.........................................................6 

Comparison to other cities ...........................................................................................7 

Effect on average day demand and maximum day demand .......................................7 

Water demand forecasts .....................................................................................................8 

Sources of water supply .................................................................................................... 14 

Evaluation criteria and issues .................................................................................... 15 

Discussion of alternative sources .............................................................................. 18 

Evaluation of alternative sources .............................................................................. 27 

Summary and conclusions ................................................................................................ 29 

Publications and documents reviewed ............................................................................. 32 

 

 

 

 

 

 

 

 

 

 



1 
 

Introduction 

¢Ƙƛǎ ǇŀǇŜǊ ǇǊŜǎŜƴǘǎ ŀƴ ŀƴŀƭȅǎƛǎ ƻŦ ŎŜǊǘŀƛƴ ŀǎǇŜŎǘǎ ƻŦ ǘƘŜ /ƛǘȅ ƻŦ ²ŀǳƪŜǎƘŀΩǎ ²ŀǘŜǊ 5ƛǾŜǊǎƛƻƴ 

Application (Application). The Application was submitted to Wisconsin DNR (WDNR) in May 

2010. In addition to the Application, numerous other documents were submitted or referred to. 

Many ƻŦ ǘƘŜǎŜ ŀǊŜ ŀǘ ²5bwΩǎ City of Waukesha Water Diversion Application web page. 

Documents reviewed in part or in whole are listed at the end of this paper. 

 

The scope of this paper is limited to three aspects of the Application: conservation and 

efficiency measures, demand forecast, and sources of water supply. For sources the focus is on 

hydrologic and environmental aspects of withdrawals in the Application. Issues related to 

economic factors and return flows to Lake Michigan, for instance, are not addressed. The author 

assumes readers are familiar with the Application and related documents, so material from 

documents is not presented again in this paper; rather it is referred to and is described only to 

provide insight into analyses. 

 

The goal of this paper is to provide an objective scientific analysis of particular aspects of the 

Application. The author is a scientist and an experienced hydrologist. He is neither an opponent 

nor a proponent of the Application. This paper contains no recommendations for actions by any 

parties. 

 

The Application is for water to meet the needs of a service area that is not congruent with the 

/ƛǘȅ ƻŦ ²ŀǳƪŜǎƘŀΩǎ ŎǳǊǊŜƴǘ ǳǘƛƭƛǘȅΦ LƴŦƻǊƳŀǘƛƻƴ in the Application regarding water sources, 

conservation measures, and demand is not presented separately for the parts of the service 

area outside of the City of Waukesha. Therefore, this paper assumes that facts and figures 

presented, in the Application and associated documents, are for the service area, unless 

documents specify otherwise. Where this paper refers to Waukesha water conservation 

measures, demand forecasts, and water sources, ά²ŀǳƪŜǎƘŀέ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ǎŜǊǾƛŎŜ ŀǊŜŀ ŦƻǊ 

which the Application was made. 

 

Water Conservation and Efficiency Measures 
¢Ƙƛǎ ǎŜŎǘƛƻƴ ŘŜǎŎǊƛōŜǎ ²ŀǳƪŜǎƘŀΩǎ ǿŀǘŜǊ ŎƻƴǎŜǊǾŀǘƛƻƴ and efficiency measures (CEMs). It 

summarizes which CEMs have been implemented, which are still planned, and water savings for 

each, if available. 

 

wŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘŜ ǎƻǳǊŎŜ ƻŦ ²ŀǳƪŜǎƘŀΩǎ ŦǳǘǳǊŜ ǿŀǘŜǊ ǎǳǇǇƭȅΣ ǿŀǘŜǊ ŎƻƴǎŜǊǾŀǘƛƻƴ ƛǎ ŀƴ ŜǎǎŜƴǘƛŀƭ 

part of the CƛǘȅΩǎ ƭƻƴƎ-term strategy to meet future demands. Waukesha adopted a Water 

Conservation and Protection Plan in 2006 and updated it in 2012 as the Final Water 

Conservation Plan (FWCP). This plan describes water conservation and implementation 

strategies for all use sectors. The program will be evaluated annually and formally updated in 

2016. 
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The FWCP sets a goal of 10 percent savings in water demand by 2050, based on the 2050 

average day demand projection of 10.9 Mgd. Interim goals are savings of 0.2 Mgd by 2016 and 

0.5 Mgd by 2030, with a final goal of 1.0 Mgd by 2050. 

 

The principal CEMs are focused on 5 areas: 

¶ Monitoring unaccounted for water and focusing on leak detection and repair; 

¶ Promoting water conservation through public information and education campaigns; 

¶ Replacing high-use fixtures by providing users with financial incentives; 

¶ Reducing lawn sprinkling through ordinances; and 

¶ Reducing average day and maximum day demand using inclining water rate block structures. 

No specific water conservation targets are set for each CEM, except for fixture replacement. 

Rather they collectively are expected to meet the goals for 2016, 2030, and 2050. 

 

Implemented CEMs 

Unaccounted for water CEMτWaukesha has fairly low percentage of unaccounted for water, 

about 6 percent, with some variability from year to year. This is well below the average of 18 

percent for large municipal systems in Wisconsin reported in Water Efficiency Potential Study 

(WEPS) ŦƻǊ ²ƛǎŎƻƴǎƛƴΦ Lǘ ƛǎ ŀƭǎƻ ōŜƭƻǿ !²²!Ωǎ ǊŜŎƻƳƳŜƴŘed 10 percent. Waukesha continues 

its leak detection and repair program, as well as auditing that can point to unaccounted for 

water. No specific amount of conserved water is associated with this CEM, because 

unaccounted for water continues to hover around 6 percent and is expected to do so in the 

future. 

 

Public information and education CEMτ According to WEPS, EPA estimates a 3 to 5 percent 

reduction in water use as a result of information and education programs. Waukesha has 

promoted conservation through a variety of media and methods. In 2011, Waukesha spent 

$16,545 on these efforts, according to their Report on Water Conservation Programs to the 

Public Service Commission of Wisconsin (PSC). Although no specific amount of conserved water 

is associated with this CEM, it is a critical part of ensuring success in rebate programs, outdoor 

watering, inclining water rate block structures, and reducing overall demand.  

 

Fixture replacement rebate CEMτWaukesha launched a toilet rebate program in October 2008, 

with a goal stated in the Application of saving 0.5 Mgd by 2050. From inception through 2011, 

the program has resulted in replacements of 88 toilets at a cost of $25 per toilet. According to 

the Report on Water Conservation Programs the savings over this time period was 1,430,825 

gallons or 0.001 Mgd. Waukesha estimates a savings of 15,000 gallons per year per toilet in the 

Application. Thus to reach the 2050 goal of 0.5 Mgd savings, the total number of toilets that 

would need to be replaced is a little over 12,000 or 300 per year between 2011 and 2050. 

Possibly the Application meant to refer to replacement of other fixtures besides toilets, because 
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the FWCP sets a goal of 7,444,000 gallons saved over 5 years (2112-2016), which equates to 

about 99 toilets per year. 

 

The t{/Ωǎ {ǳƳƳŀǊȅ ƻŦ нлмл ¦ǘƛƭƛǘȅ ²ŀǘŜǊ /ƻƴǎŜǊǾŀǘƛƻƴ wŜǇƻǊǘǎ ƛǎ ŀ ǎǳƳƳŀǊȅ ƻŦ ǿŀǘŜǊ 

conservation efforts for eight utilities required to report these to the PSC. The number of toilet 

rebates for these utilities ranged from 14 to 2504, the latter for a city three times bigger than 

Waukesha (table 1). Waukesha had 17 toilet rebates. The amount of water saved per rebate was 

quite variable, ranging from 2000 to 12,ллл Ǝŀƭƭƻƴǎ ǇŜǊ ȅŜŀǊΦ ²ŀǳƪŜǎƘŀΩǎ ǿŀǎ уллл Ǝŀƭƭƻƴǎ ǇŜǊ 

year. This is significantly less than, nearly half, the amount Waukesha estimated to save in the 

Application, which was 15,000 gallons per year per toilet. Thus, there is some uncertainty with 

respect to projections of water savings from the toilet rebate program. 

 

 
 

According to WEPS, toilets account for nearly 30 percent of indoor water consumption. Average 

residential single-family water use per household is 30 GPD for a toilet. Based on 2010 Census 

data on the year homes were built, 85 percent of residential customers in Wisconsin are 

estimated to have 3.5 gallons per flush (gpf) toilets, 13 percent have 1.6 gpf, and 2 percent have 

1.28 gpf toilets. The distribution in Waukesha has not been estimated. 

 

Outdoor watering ordinance CEMτWaukesha implemented outdoor sprinkling restrictions for 

all customer classes in 2006. !ŎŎƻǊŘƛƴƎ ǘƻ ²ŀǳƪŜǎƘŀΩǎ нлмл ²ŀǘŜǊ /ƻƴǎŜǊǾŀǘƛƻƴ ǊŜǇƻǊǘ ǘƻ ǘƘŜ 

PSC, the restrictions are applicable from May 1 to October 1. The restrictions ban daytime 

sprinkling from 9:00 a.m. to 5:00 p.m. Customers are allowed to irrigate two days a week 
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according to their address. According to WEPS, inefficient irrigation practices can cause 

observed water loss of 20 to 50 percent of outdoor water use.  

 

In 2010, maximum day demand was 8.65 Mgd, which is 67 percent lower than the 2005 peak 

demand of 12.87. For the same time period, the difference in average day to maximum day 

demand decreased 61 percent. Although other factors affect maximum day demand, the 

sprinkling ordinance is likely a major factor in reducing it.  

 

Inclining water rate block structures CEMτIn 2007, Waukesha was the first city in Wisconsin to 

adopt an inclining water rate block structure. The structure is applicable to residential users. It 

sets different costs (or rates) for water according to the amount of use. Rate blocks are 

associated with different levels of quarterly use (for example, 0 to 10,000 gallons, 10,001 to 

30,000 gallons, and over 30,001 gallons). Costs in the highest rate block are 40 percent higher 

than in the lowest rate block. The idea is to provide a price incentive for customers to use less 

water. 

 

Since implementation of the inclining water rate block structure, residential water use has 

decreased. Over the same time period, water use has declined in the industrial, commercial, and 

public water use sectors also, so factors other than the inclining water rate block structure are 

likely causing a decline in water use in the residential sector. Still price incentives have been 

shown to significantly reduce water use, although adjustments in the number of rate blocks, the 

amounts of water associated with each, and the cost of water in each sometimes take several 

years to achieve desired results. Timely feedback (billing) to customers is also necessary so that 

decisions on use can be made. Monthly billing would likely influence water-use decisions more 

effectively than does quarterly billing. According to WEPS, EPA estimates that an inclining block 

rate structure can lead to a 5 percent overall reduction in water use. 

 

Planned CEMs 2012 to 2016 

²ŀǳƪŜǎƘŀΩǎ ŎǳǊǊŜƴǘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ǎǘǊŀǘŜƎȅΣ ƻǳǘƭƛƴŜŘ ƛƴ ǘƘŜ C²/tΣ ƛǎ designed to develop a 

foundation for the programs in Year 1 (2012) through public education and incentives for 

residential customers, particularly the top 10 percent water users. Starting in Year 2 (2013), the 

program focus would expand to include incentives for commercial and industrial customers. As 

the program expands over the subsequent three years (2014 to 2016), additional measures 

would be emphasized to capture the greatest savings and the lowest costs. This plan is outlined 

in Table 8-5 in the FWCP. 

 

Table 2, adapted from Table 8-1 in the FWCP, shows a projected 86 MG (0.24 Mgd) in water 

savings across all sectors in millions of gallons per year between 2007 and 2016. ²ŀǳƪŜǎƘŀΩǎ 

implementation schedule is outlined only until 2016, leaving some uncertainty about how the 

additional 0.26 Mgd in savings will be achieved by 2030. Furthermore, how Waukesha will 

achieve an additional 0.5 Mgd between 2030 and 2050 has not been described. That being said, 

plans need to remain flexible in order to be effectively budgeted and implemented. When the 
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Conservation Plan is reviewed again in 2016, Waukesha should know what its future water 

supplies will be and can better evaluate and adopt appropriate measures.  

 

 
 

Unaccounted for Water CEM ς As previously stated, unaccounted for water is relatively low in 

Waukesha. Waukesha will continue its leak detection and repair programs and water audits. 

 

Public Information and Education CEM ς Current measures already implemented will be further 

publicized and expanded in scope through 2016. Educational programs will expand into schools, 

from elementary to college campuses, such as Teach the Teacher workshops and course 

projects. Partnerships with coalitions throughout Waukesha County will strengthen and expand 

as well. Although this CEM is an essential part of any water conservation plan, no specific goal of 

water savings is associated with it. 

 

Fixture Replacement Rebate CEM ς Measures incentivizing fixture replacement will be expanded 

from 2012 to 2016 as well. For residential customers, the toilet rebate program will provide 

$100 rebates, rather than the current $25, with the objective of accelerating the number of 

replacements. Rebates or a distribution program will also begin for high-efficiency showerheads. 

Indoor water audits will also be available to residential customers. As shown in Table 3, the 

projected water savings from these measures are 8.34 MG (0.0046 Mgd).  

 

For commercial, industrial, and institutional customers, rebates for high-efficiency toilets, 

showerheads, clothes washers, spray-rinse valves, and urinals will begin in order to provide 

incentives for these customers to make their facilities more efficient. Indoor water use audits 

will also begin for these use sectors between 2012 and 2016. According to WEPS, residential and 

nonresidential audits that include plumbing retrofits, evaluations of kitchen and irrigation 

systems, and leak reduction have the potential to reduce demand by 15 to 35 percent. Based on 

only the CII water demand from 2008-2010 in the FWCP, that would equate to 0.0009 to 0.0022 

Mgd in water savings. As shown in Table 3, according to the FWCP an estimated 4.93 MG 

(0.0027 Mgd) in water savings is attributed to these programs. 
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Outdoor Watering Ordinance CEM ς The sprinkler ordinance will remain in effect through 2016 

to continue to help reduce average and maximum day demand in summer months. 

 

Inclining Water Rate Block Structure CEM - Water pricing is an important driver of a 

comprehensive conservation program. The current rate structure will continue to be evaluated 

annually.  

 

Recommended Future CEMs in FWCP post-2016 

! ŘŜǘŀƛƭŜŘ ƻǳǘƭƛƴŜ ƻŦ ²ŀǳƪŜǎƘŀΩǎ ƭƻƴƎ-term implementation strategy is available in Appendix F 

of the FWCP. As many of these measures are continued or expanded versions of measures 

already implemented, proper tracking and evaluation over the next few years is essential in 

allowing stakeholders to better project water savings for the following measures. 

Unaccounted for Water CEM ςLeak detection and repair programs will continue post-2016. A 

new policy regarding the survey and repair of leaks upon the sale or lease of property may also 

come into affect.  

Public Information and Education CEM ς This CEM is planned to continue. 

Fixture Replacement Rebate CEM - There are many areas within each use sector that Waukesha 

can, and in some cases already is, exploring for water savings through rebates. For example, one 

area that appears to have a high potential for water savings is addressing inefficiencies of 

cooling systems through audits and retrofits. According to WEPS, cooling systems account for 

16.8 percent of indoor water use in nonresidential accounts. Irrigation technology or spinkler 

head replacement rebates are also being considered.  A new policy requiring plumbing retrofits 

upon sale or lease of property may also come into effect. Furthermore, incentives or policies 
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regarding water-efficiency standards for new buildings and low-impact development techniques 

are likely to begin. 

Outdoor Watering Ordinance CEM ς The sprinkler ordinance will continue to remain in effect. 

Irrigation control outreach, along with distribution of rain gauges or sensors to high water users 

with either large lots or high peak seasonal use will also be explored. New efficiency standards 

addressing outdoor decorative features and swimming pools may also be implemented.  

Inclining Water Rate Block Structure CEM ς The current rate structure will continue to be 

evaluated annually. Waukesha will also explore monthly billing which has been shown to 

increase customer awareness about water use and thus decrease demand. 

Comparison to other cities 
The EPA recently published a report that highlights the results of water conservation plans 

implemented by different cities around the country. As shown in Table 4, water savings from 

conservation plans that incorporate elements similar to WaukeshaΩǎ ranged from 7.3 to 30 

percent. Obviously, differences in climate, population, infrastructure, water savings potential, 

and user profiles exist between these cities and Waukesha. However, it does provide insight as 

to the level of water savings a city can hope to achieve following implementation of a 

comprehensive water conservation plan. The amount of water savings these cities achieved 

ǎƘƻǿ ǘƘŀǘ ²ŀǳƪŜǎƘŀΩǎ Ǝƻŀƭ ƻŦ ŀ мл ǇŜǊŎŜƴǘ ǊŜŘǳŎǘƛƻƴ ƛƴ ŀǾŜǊŀƎŜ Řŀȅ ŘŜƳŀƴŘ is reasonable and 

may be conservative. 

 

 
 

Effect on average day demand and maximum day demand 

²ŀǳƪŜǎƘŀΩǎ Ǉƭŀƴǎ ŦƻǊ ŎƻƴǎŜǊǾŀǘƛƻƴ ŀƴŘ ŜŦŦƛŎƛŜƴŎȅ ƳŜŀǎǳǊŜǎ ŀǊŜ ǘƻ ǊŜŘǳŎŜ ŀǾŜǊŀƎŜ Řŀȅ ŘŜƳŀƴŘ 

by 10 percent. Maximum day demand, while important, is only the demand for a single day and 

can be affected by activities that are not impacted by conservation, such as firefighting. 

Maximum day demand is important mostly for design and infrastructure, and less so for 
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environmental impacts of withdrawals. A better target might be reducing maximum week or 

month demand. Measures related to outdoor water and cooling will reduce maximum day 

demand, but more importantly, they will reduce maximum week or month demand. 

 

FWCP 4.2.3 makes the argument that demand will increase due to improving economic 

conditions, especially growth in the commercial and industrial sectors. While it appears 

reasonable to argue that an increase in water utility customers will result in higher demand, the 

history of demand and per capita use by sector does not support this argument, as discussed in 

the next section on Demand Forecast. 

 

If the FWCP is fully implemented and successful, then per capita demand and maximum day 

demand should continue to decrease. It is difficult, however, to directly measure progress 

towards the conservation goal for individual CEMs, other than fixture replacement, because 

there are many confounding factors that affect trends in demand. Demand and water use per 

capita were decreasing for a long time prior to implementation of CEMs, as shown in the next 

section.  Estimates of savings for each CEM could be made, as they are, for example in WEPS. 

 

 

Water Demand Forecasts 
Future water needs are based upon projections of population growth, a future mix of water-use 

sectors (residential, commercial, industrial, and public), estimates of the amount each sector will 

use, and improvements and efficiencies in infrastructure and water use that conserve water. 

Estimates of future water needs are conservative in the sense that they must not under-predict 

future needs. Potential and largely unpredictable changes in infrastructure, demand, and 

climate must all be accounted for. 

 

Waukesha forecasts water needs for 2050. The Application assumes that 2050 represents a 

timeframe in which the population and associated use sectors have reached their maximum 

based upon planning studies done by the City of Waukesha and SEWRPC. There are projections 

ƛƴ ǾŀǊƛƻǳǎ ƻǘƘŜǊ ŘƻŎǳƳŜƴǘǎ ŦƻǊ ǘƛƳŜŦǊŀƳŜǎ ōŜŦƻǊŜ нлрлΣ ǎǳŎƘ ŀǎ {9²wt/Ωǎ нлор ǇǊƻƧŜŎǘƛƻƴǎΦ 

However, the Application is conservative in the sense that it applies for water needs in 

άǳƭǘƛƳŀǘŜέ ōǳƛƭŘƻǳǘ ŀƴŘ ǿŀǘŜǊ ǳǎŜ ŦƻǊ ²ŀǳƪŜǎƘŀΦ 

 
Water demand forecasts, through the use of future population and water use estimates, project 

needs for water in the future. The Waukesha Diversion Application includes several documents 

that contain water demand forecasts or information relevant to forecasts. These were reviewed 

for this analysis and include:  Appendix CτFuture Water Supply (March 2002), Appendix Kτ

Summary of Water Requirements, (May 2009), Appendix DτWater Supply Service Area Plan 

(April 2010), the Application (May 2010), and Final Water Conservation Plan (May 2012).  
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The most recent demand forecasts for 2050 are an average day demand of 10.9 million gallons 

per day (Mgd) and a maximum day demand of 18.5 Mgd (Appendix D, exhibit 13). The average 

day demand projected for 2050 assumes a constant gallons per capita per day (GPCD) from 2008 

through 2050 for three use sectors (residential, commercial and public) that is near, but above, 

current GPCD (Appendix D, exhibit 13). GPCD is not given specifically for the industrial sector, 

but instead a total water use for 2050 is given (Appendix D, exhibit 13). Future average day 

demand is forecast simply by using a static GPCD of 112 and future population estimates, along 

with assumptions on unaccounted for water and a percent reduction in demand from 

implementing CEMs. Future maximum day  demand is based on a ratio of maximum day 

demand to average day demand of 1.68 (Appendix D, p. 16), using analyses of historical ratios 

and precautionary assumptions regarding factors that may increase maximum day demand, 

such as extended drought (Appendix D, p. 16). 

 

Figure 1 illustrates the historical trends in population and pumpage, along with projected 

population and demand. Note that both the historical and projected population have increasing 

trends. In contrast, Historical pumpage has a decreasing trend, and projected demand has an 

increasing trend. 
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Illustrating similar trends to Figure 1, Figure 2 shows historical declines in GPCD, average day 

pumpage, and maximum day pumpage, while showing increases in projected values for all three 

of these.  

 

 
 
Figure 3 shows trends in GPCD for various use sectors and total GPCD. Aside from the 

commercial use sector, other use sector GPCDs and total GPCD show historical declines. The 

horizontal line indicates the total GPCD, 112, which is used to project 2050 average day demand 

(Appendix D, exhibit 13). In comparison, the total GPCD for 2010 was 86. 
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Future maximum day demand is projected by using a ratio of 1.68, based on historical ratios of 

maximum day demand to average day demand. Figure 4 shows the historical ratios. No trend is 

apparent. The average ratio is 1.46, and only thirteen years from 1970 to 2010 had ratios above 

1.5. The most recent ratio for 2010 is 1.30. The horizontal line illustrates the ratio used for 

projection of 2050 maximum day demand. Only one year, 1992, has a value equal to or greater 

than 1.68. 
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Models of any kind that predict the future typically are calibrated to historical data. Doing so 

gives confidence that predictions are based on known historical relationships and functions. The 

demand forecast model used for Waukesha does not appear consistent with historical data; that 

is, it cannot predict historical data, as illustrated in this paragraph and Figure 5. The model used 

to forecast average day demand assumes a constant GPCD of 112, similar to that in 2000. Using 

a similar approach, one can test the predictive capabilities of the model by using the historical 

GPCD of 1990 (142), predict future demand, and compare it to historical average day pumpage 

from 1991 to 2008. The results of this test of the predictive model are shown below in Figure 5. 

Clearly, the further in time one moves from the base date of 1990, the more the model over-

predicts demand.  

 
 
 


