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Project Overview 
 
In collaboration with the Inland Empire Utilities Agency (IEUA) and Monte Vista Water District 
(MVWD), Applied Research in Government Operations (ARGO) proposes to estimate indoor 
sewer flows in the IEUA service area. The goal is to research the potential need to update 
Exhibit J “Equivalent Dwelling Unit Computations” utilized to calculate sewer fees.  The intended 1

outcome of this preliminary research and development study is to offer recommendations and 
scope a potential full study to update the rates in Exhibit J. 
 
This novel research is important particularly in light of recent legislation (SB 606 / AB 1668) to 
make conservation a California way of life, which sets new standards for indoor and outdoor 
water use. Team ARGO which staffs the California Data Collaborative (CaDC) was funded by 
the Water Foundation to conduct the first ever rapid assessment of residential water budgets 
statewide. That planning tool and parcel level landscape area measurements will be invaluable 
in supporting this study.  
 
The proposed methodology uses a land use based demand model provided by IEUA in concert 
with creative external customer categorization tools. Those classifications of commercial and 
other sewer customers will be integrated with water use (where available), vegetation, and 
evapotranspiration information maintained by ARGO to establish return to sewer factors by land 

1 https://www.ieua.org/download/equivalent-dwelling-unit-computations-regional-contract-exhibit-j/  
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use type and business category. These estimated sewer flows will be broken down by 
subcategories of commercial and industrial use to enable easy and straightforward fees. 
 
NOTE ON EXPERIMENTAL NATURE OF THIS APPROACH: This research and development 
project leverages novel data integration and new methodological approaches. As an 
experiment, the final results may not reach the level of accuracy required to update return to 
sewer flow specifications. The goal of this study is to 1) identify whether a full study is needed to 
update Exhibit J and 2) leverage the results of this applied research and development to scope 
that study.  

Project goals 
 

● Integrate IEUA land use categories with novel data on commercial customers to explore 
appropriate categories for sewer fee setting. 

● Estimate return to sewer flows through a more granular understanding of customer 
demand utilizing customer metered use data.  

● Collaborate with Agency staff to incorporate return to sewer flow estimation in IEUA 
planning and operations.  

● Develop reusable tools so the estimation methodology developed in this study can serve 
as an ongoing resource for IEUA. 

 

Data Assets 
 

● Maintained by ARGO: 
○ Bi-Monthly meter reads from customers in the MVWD, geocoded and matched to 

parcel data 
■ Use of this data in this study will require written permission from MVWD  
■ Additional IEUA retailers may provide their data by becoming SCUBA 

subscribers: http://californiadatacollaborative.org/join-us/  
○ Parcel polygons for IEUA from San Bernardino County Assessor 
○ Aerial measurements of Photosynthetically Active Vegetation (PSAV) areas for 

each parcel  
○ Evapotranspiration data from the DWR CIMIS program 

 
● To be developed as part of this project: 

○ Categorization of commercial and industrial customers 
■ Integration of Yelp and other available categorizations of IEUA customers 

within a defined shapefile 
■ OPTIONAL integration of business listing data (this would require 

additional funds to purchase the data). Some potential vendors include:  
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● Factual  http://developer.factual.com/places/categories/  
● Dunn & Bradstreet 

 
● Provided by IEUA 

○ Land use types for all properties in the IEUA service area 
■ The SAWPA commercial and industrial NAICS code integration would be 

useful to obtain as well 
○ Estimated annual unit water demands for each land use type and retail service 

area in IEUA 
○ Measured sewers flows at IEUA treatment facilities (coarse grained and to be 

utilized as an order of magnitude check).  
■ If possible, it would be highly useful for IEUA or IEUA’s engineering firm 

consultants to measure sewer flows at regional sewer trunks 
○ Wastewatershed shapefile indicating the area provided service by each 

wastewater treatment plant. 

Proposed Approach to Categorize Commercial 
Goal: analytical foundation of granular commercial entity linkages to enable return to sewer flow 
analysis. 
 
The category of “commercial” encompasses a wide variety of customer types and water use 
patterns. ARGO proposes to tackle that by linking various novel data sources that have 
subcategories of commercial types. Such data sources will include Yelp, County Assessor and 
other useful linkages. A presentation describing this approach is provided here: 
https://docs.google.com/presentation/d/1OjMr7GqNbQqW0iVEyfT8pNNCMqx4a4na7pvsp2ZOq
eA/edit#slide=id.g24b20221c9_2_4  
 
That ongoing study has only matched about ⅓ of commercial customers in MNWD’s service 
area. Note in addition to issues with granular classification, it is often challenging to correctly 
and precisely assign landscape area to commercial customers. This is a known issue with many 
remote sensing vendors. Shopping centers for example with many business entities are an 
outstanding area of open research. The goal is to leverage and improve upon that commercial 
entity classification pipeline in conjunction with IEUA provided land use information to develop 
best available customer categorizations. Those granular categories will be integrated with 
estimates of indoor use and return to sewer volumes to scope prospective categories.  

Proposed Methodologies to Estimate Indoor Use 
Goal: estimates of indoor use returned to sewer flow broken down by commercial subcategories 
developed through an iterative process incorporating the linkages described above.  
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Isolating indoor consumption from total consumption is a complex problem, and in the absence 
of dedicated indoor and outdoor metering, any approach is bound to be inexact. To get the most 
robust estimates possible, ARGO proposes to use a combination of different methods, each 
with distinct benefits and drawbacks. These different methods can then be compared and 
integrated to show the return to sewer flows by subcategory of commercial customer. The 
following sections details the different proposed methodologies and their expected benefits and 
drawbacks.  

Method 1: Subtract Estimated Outdoor Demands from Outdoor 
Allocations 
 
The first method will subtract estimates of annual outdoor water use from estimates of total 
water use for each retail agency and land use type. The estimated sewer flow per acre using 
Method 1 for a given land use and retail agency is then 
 

ndoor Sewer F low LUD Outdoor allocation per acreI =  −   
 

Where  is the Land Use Unit Demand from the IEUA demand model (af/ac/year) andUDL   
 

utdoor allocation per acre ET  Factor evapotranspiration PSAV  Area O =  ×  ×  × C  
 

Is an estimate of outdoor water use under an assumption about the intensity of watering. 
Specifically, 
 

●  (also called a crop coefficient, or landscape factor) is a coefficient capturingT  FactorE  
our assumptions about both the average water needs of vegetation in the IEUA service 
area and the irrigation efficiency of customers in the area. These factors often range 
from 1.2 for heavily trafficked turf with low irrigation efficiency, to 0.5 for drought tolerant 
plants with efficient irrigation 

●  is the (yearly) reference evapotranspiration for the areaevapotranspiration  
●  is the area of photosynthetically active turf and shrubs/trees in the area.SAV  AreaP  

This value is derived from 4-band aerial imagery and provided to ARGO through a 
partnership with Claremont Graduate University 

● is a unit conversion factor to convert to af/ac/yearC  
 
This process is shown in Figure 1. Assessor parcel polygons with PSAV area are joined with 
land use data shapefiles. The average PSAV area per acre for each retailer and land use is 
combined with evapotranspiration data as specified above to calculate outdoor LUDs. These 
outdoor LUDs are then subtracted from total LUDs in the IEUA demand model to obtain 
estimates of the indoor LUD. 
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Figure 1. Indoor land use unit demand calculation using Method 1. 
 

Benefits and Drawbacks 
 
Simplicity - Method 1 benefits from conceptual simplicity and fits neatly into the existing 
framework of the IEUA demand model. Calculations can be done done at the aggregate level 
for each land use type and retailer without resorting to customer-level calculations.  
 
Accuracy (under assumptions) - To the extent that, on average, vegetation is irrigated as 
indicated by the ET factor, then this method should produce an accurate estimate of indoor 
sewer flows. 
 
Assumptions - This method relies on empirically estimated vegetation area that is classified as 
commercial and an assumed ET factor, and therefore has a higher level of uncertainty. 
Fortunately, we can build confidence in this approach by looking at agency-wide efficiency 
targets in the Statewide Efficiency Explorer (SEE). The SEE uses the same efficiency 
framework used here and produces highly accurate estimates of residential water production for 
most IEUA retailers using an ET factor of 0.8. 
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Figure 2. IEUA retailer water production is well-approximated using an efficiency budget 
framework. 
 
The SEE also opens the possibility of tailoring the ET factor to specific circumstances of each 
retail agency by selecting an ET factor that best fits the observed water production trends in the 
SEE.  
 
Method 1 may produce a slight overestimate of indoor sewer flows because both the LUDs and 
the SEE budgets are estimates of water production, not consumption. This can be compensated 
for by subtracting reported distribution system water loss from the IEUA 2015 Urban Water 
Management Plan (“UWMP”) to develop estimates of consumption.  
 

Method 2: Extrapolate Minimum-Month from MVWD to subtract 
estimated outdoor demands 
 
The second method aims to make use of meter-level consumption data from the Monte Vista 
Water District to estimate indoor sewer flows using the minimum-month method. These 
estimates can then be converted to unit demands and extrapolated to other retailers in the IEUA 
service area. This process is shown in Figure 3. 
 
First, MVWD customers will be matched with IEUA land use types, and indoor sewer flows will 
be estimated for each customer using meter reads from the lowest month of water use 
available, which should correspond to the month with the most precipitation, and therefore the 
least demand for outdoor irrigation. The customer-level estimates of indoor sewer flows can 
then be summed within each land use type and divided by the area devoted by that land use to 
obtain indoor unit demands (indoor LUDs) for each land use type in MVWD.  
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At this point the indoor LUD is almost certain to be an overestimate of true sewer flows due to 
the presence of small amounts of outdoor irrigation even in periods of high precipitation (due to 
sprinkler timers, moderate climate, etc). An approach that has been used in Orange County is to 
directly account for this winter irrigation and subtract it away. This is done by deriving irrigation 
intensities ( ) from dedicated irrigation meters during the minimumolume water / vegetation areav  
month. The average irrigation intensity can then be subtracted from each indoor LUD to obtain 
an adjusted indoor LUD. 
 
From here, there are several possibilities. One is to assume that differences in indoor sewer 
flows are negligible across retailers, and that most inter-agency variation in unit demands 
comes from differences in outdoor irrigation. In this case, no extrapolation is necessary. A 
second approach assumes that while total LUDs vary across retailers, the ratio of water for 
indoor use remains fixed across retailers. In this case, an  can be calculated forndoor ratioi  
each land use in MVWD, and this can be used to estimate indoor LUDs for the same land use in 
a different retailer as follows: 
 

ndoor LUD for retailer MVWD indoor ratio UDi =  × L  
 

Figure 3. Indoor land use unit demand calculation using Method 2. 
 

Benefits and Drawbacks 
 
Directness - Method 2 estimates indoor sewer flows directly, so it is able to avoid the uncertainty 
in PSAV area estimates and ET factor assumptions used by Method 1. 
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Inaccuracy - As state above, Method 2 without an adjustment for winter irrigation is likely an 
overestimate. In one respect this is a benefit as well as a drawback because it allows one to 
place a hard upper bound on what realistic indoor flows may be. 
 
Generalizability - There are several assumptions made in this approach. One is the assumption 
that winter irrigation for dedicated irrigation accounts can accurately model winter irrigation for 
other customer types. Another is that customer behavior in MVWD can accurately be 
extrapolated to other retail service areas. 
 

Method 3:  Regression model of residential water demand 
 
This method approaches the problem of sewer flow estimation by estimating per-capita water 
use as it is influenced by factors like evapotranspiration, income, and education. This could be 
done using a regression model of water use at the level of census block groups, for example: 
 

ater use β opulation β ncome opulation .. β SAV area ..w =  1 * p +  2 * i * p + . +  n * P + .  
 

( β β ncome β ducation .. ) opulation .. β SAV area ..=  1 +  2 * i +  3 * e + . * p + . +  n * P + .  
 

In a model like this, the value can be interpreted as aβ ncome β ducation .. ) ( β1 +  2 * i +  3 * e + .  
per-capita water use that is modulated by income, education, etc. If outdoor water use is 
properly controlled for by including factors like vegetation area and evapotranspiration in the 
model, then this per-capita value should capture only indoor use. 
 
This per-capita value can then be customized to individual census blocks in the IEUA service 
area by providing the correct values of income, education, etc. Multiplying by population and 
dividing by the area of residential land use in each area can then create residential unit 
demands for each census block.  
 
For CII demand the model above would need to change slightly because population is not the 
primary driver of indoor demand for CII customers. Instead we can utilize the fine-grained 
customer categories derived earlier to estimate unit demands for each CII category while 
controlling for outdoor use with a model similar to the following: 
 

ater use β estaurant β f f ice .. β SAV area ET  ..w =  1 * r +  2 * o + . +  n * P *  + .  
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Accuracy and Quality Control 
There are a number of quality control steps that should be taken to ensure that the estimates 
provided by the methods above are realistic. 
 

● The simplest check is to compare LUDs derived from MVWD customers to the LUDs 
provided by IEUA. This will serve as a baseline to ensure that data from multiple sources 
is compatible. 

● The second natural check is to compare the results from the multiple estimation methods 
used above. The estimates will probably differ, but there should be rough consensus 
between approaches, and the differences should be explicable. 

● As an optional additional step, if metered sewer flow data become available for each 
sewershed in the future, then aggregate indoor sewer flows can be computed for each of 
IEUA’s sewer catchment basins using the LUD estimates derived during the study. 
These values can then be compared against these future “ground-truth” sewer flow 
measurements for each catchment provided by IEUA to gain another estimate of the 
accuracy of each method. 

Cost of Service 
 
Given the exploratory nature of this project, ARGO proposes to investigate the three 
methodologies discussed above.  That exploratory analysis, cost of potential external data and 
integration of IEUA land use is costed out below: 
 
 
Item Type Item Task Description Cost 

Necessary 
Foundational 
Data 
Integration and 
Exploratory 
Analysis 

Incorporating IEUA Land Use 
Information 

Aligning IEUA land use data formats 
to make compatible with SCUBA data 
infrastructure $2,500 

Integrate data to categorize 
commercial and industrial 
customers 

Integrate publicly available 
information to categorize commercial 
entities (such as Yelp and County 
Assessor information) along with 
IEUA provide CII categorization (from 
for example SAWPA). $2,500 

Investigate three proposed 
methodologies 

Method 1: Subtract estimated outdoor 
demands from outdoor allocations $4,500 

Method 2: Utilize metered use data 
and minimum month method to 
subtract estimated outdoor demands $4,500 
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Method 3: Regression model of 
residential water demand $4,500 

Dissemination 
of Results 

Bi-weekly calls/webinars 
and/or in person meetings to 
update and collaborate with 
staff 

Ad hoc presentations developed to 
discuss results with agency staff and 
others at agency staff direction $2,500 

 Final report summarizing results from 
this analysis and next steps $8,000 

    

Subtotal Professional services  $29,000 

    

Data purchase 

OPTIONAL - Data purchase to 
improve accuracy of CII 
customer classification 

Business and commercial entity 
classifications.  $9,000 

Subtotal Data purchase  $9,000 

    

TOTAL   $38,000 
 
 
This work will be collaboratively developed with IEUA staff through three month iterations to test 
and refine the methodologies proposed above. That work will result in reusable code as a 
resource for IEUA and a final report summarizing results of the project for senior management. 

Project Timeline 
 
The following timeline provides ARGO staff’s estimation of the time required to complete the 
work.  We estimate 6 months to conduct the study with monthly check-ins and focused research 
iterations developed in conjunction with IEUA staff.  
 
Month  M1   M2    M3    M4    M5    M6    

Week 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Task                        

Kickoff 
meeting                        

                        

First 
iteration                        
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Second 
iteration                        

                        

Third 
iteration                        

                        

Bi-Weekly 
checkin                        

                        

Final  
report                         
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