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Aquacraft has a collection of residential end use data that spans the period between 1995 and the 
present.  This data includes micro-level water use, down to individual water events, for nearly 4000 
households.  We have also collected end use data on a selection of multi-family households.  The data 
includes outdoor water use at the annual level and the theoretical irrigation requirement, determined 
from aerial analyses, for a large number of the homes.  Most of the households in the data set completed 
and returned individual surveys, so the data includes a wide variety of household and demographic 
information as well.  
 
All of this information has been assembled by Aquacraft and used to create models of indoor and outdoor 
residential water use based on a set of the explanatory variables that have been found to best predict 
household water use and which are also readily available. The predictions from these models are not 
theoretical: they are based on empirical data that show how household water use is actually affected by 
the explanatory variables.  This provides us with a greater ability to capture both the technical and 
behavioristic factors that affect household water use.  These models can be used for demand forecasting 
purposes and for testing the impacts of a range of possible conservation measures. 
 
We are proposing to take this information and create simple and transparent demand forecasting models 
for your residential customers in a spreadsheet format.  Using spreadsheets will allow you to inspect and 
understand all of the parts of the model. 
 
Table 1 shows the key variables that are relied upon in the models to predict indoor and outdoor water 
use. These variables need to be estimated for both the current population and the future population.  This 
allows the model to manage demands for existing and new households separately. 
 
These models predict household water use that cover the range of efficiencies: from pre-1992 levels to 
what we refer to as the super-efficient home, which is projected to use an average of 70 gphd or less, 
compared to 140 gphd for current typical households.  
 
Table 1: Data requirements for residential demand model 

Variable Description/Source 

Indoor Variables  
Output = avg. household water use by end use (gal/household/day) 

Best estimate of current and future service area 
population 
% of population residing in SF and MF households 
currently and for future condition 
Number of persons residing in home, or 

Surveys, census information or local planning data 
combined with billing information for numbers of 
accounts 

   Number of adults in home Surveys, census information or local planning data 

   Number of teens, children and infants in home Surveys, census information or local planning data 

Avg. number of adults employed outside the home Surveys, census information or local planning data 
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Avg. number of adults home during day Surveys, census information or local planning data 

Income percentile of household Surveys, census information or local planning data 

Avg. efficiency class of toilets  From end use studies (either existing or custom) 
Low => 2.0 gpf, Eff = 1.4-2.0 gpf, High = < 1.3 gpf 

Avg. efficiency class of clothes washers Low > 30 gpl, Eff = 20-30 gpl, High < 20 

Avg. efficiency class of showers Low > 3 gpm, Eff = 2-3 gpm, High<2 gpm 

Avg. efficiency class of dishwashers Low > 10 gpl, Eff = 6-10 gpl, High > 10 gpl 

Avg. shower durations Avg = 8 minutes, or based on local end use studies 

% of homes with a swimming pool Surveys or aerial landscape analyses 

% of homes with an outdoor spa Surveys or aerial landscape analyses 

% of homes with on-demand hot water system Surveys or existing data 

% of homes with water softening systems Surveys or existing data 

% of homes with garbage disposals Surveys or existing data 

% of homes with active leak detection systems Surveys or existing data 

% of homes that recycle water for toilet flushing Surveys or existing data 

Outdoor Variables 
Output = avg. annual landscape water use (kgal/year) 

Average landscape area for existing SF and MF 
accounts under current condition and in future 

Landscape analyses using aerials, or surveys 

Local net ET Weather stations 

Avg. cost of water at 25 kgal consumption level Billing data 

% of homes with in-ground irrigation systems Surveys 

% of homes with swimming pools Surveys or aerial landscape analyses 

% of homes that are over-irrigating Landscape analysis with end use data 

 

The model will use the best available input values for each of the required variables.  For any agencies 
that have participated in an end use study conducted by Aquacraft over the years, we will start with the 
values that were generated for your population from that study.  For other agencies we will use data from 
similar agencies or study groups that are deemed to best approximate your population.  Census data and 
other local planning databases can also provide useful information. At any time, however, we can collect 
new end use data for your specific set of customers by doing an end use study on a random set of 
households. 
 
The models will be set up to include both single family and multi-family household water use for existing 
and new customer. This will allow you to track changes in water use separately for these two categories.  
Both indoor and outdoor use will also be tracked for each. The model will operate over a 25-30 year 
period and will project growth in population using either linear or exponential growth factors.  The effects 
of conservation measures will be captured through annual changes to the values of the key parameters, 
such as the percent of homes with high efficiency toilets, or changes in landscape areas, etc. 
 
We can add ICI demands and link the model to operations models in order to track performance of your 
water system, over time, expressed in terms of frequency and severity of shortages, but these features 
would be part of future work. 
 
An example of the type of output generated from the models is shown in Figure 1 below.  This shows 
average annual residential demands for a system under baseline (do nothing) scenario 0 and alternative 
programs A through E. 
 
Initially, the model will cover only single family and multi-family residential households, but other classes 
of customers can be added.  The typical cost for the residential model is between $10,000 and $25,000 
depending on the state of your billing data and the complexity of the system.  The time to complete the 
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work is normally between one and three months.  Please call or email if you would like to discuss this 
concept in more detail. 
 

 

Figure 1: Example output for average annual residential water demands for six models  

 


