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Key Questions

AWhat absolute impact does increasing residential density have on
total demand?

AWhat are the characteristics of increasing residential density in
regards to change In total demand?

AWhat absolute impact might increasing the efficiency of outdoor
water use have on total demand?

AWhat are the characteristics of increasing the efficiency of outdoor
water use in regards to density and total demand?



Approach

AUsed Denver Water data and model to estimate water demand by
building type.

AUsed exploratory scenario analysis to examine relationships between
Increasing density and outdoor efficiency with total demand.
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Qualifications

ABased on Denver Water data, may not be directly applicable to other
places.

ANot a predictive analysis, large amounts of variance and uncertainty!

ASystems of development and water use are very complex,
made many assumptions about how systems function to simplify

analysis.

AOther systems such as economics and community values were NOT
considered.

AOnly looking at new housing, not existing.
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Glossary

APervious ArealThe square feet (or acres) on a parcel that are NOT
Impervious (building, street, drivewagtc). The assumption is that plants
(grass, trees, shrubs, etc.) could be grown in this area.

AGallons PeBgFtPerviousA unit of measure for how many gallons of water
will be used on one square foot of pervious area for one yeat.

ABuilding TypeThis is a type of development pattern that is somewhat
N10MOgenous In terms of density, pervious area, and gallonSqEt
ervious.

AHousehold & UnitThese terms are used interchangeably in this analysis, a
nousehold is a group of people living in a housing unit (house, apartment,
etc.). Every household has a unit of some building type they live in and
every building type unit has a household.

Aa2NBE (2 0O02YS Xodo




Assumptions

ACurrent Building Type characteristics are both building specific and
household specific.

AGallons PeSgFtoutdoor water use andqFiof Pervious Area are building
specific.

Alndoor GPCD and Persons per Household are household specific.

ABuilding characteristics stay with building type.

AHousehold characteristics stay with household.

AThere are no trends of changing household size, indoor GPCD, nor
density of building type.

AScenario Analysis is based only on new households.
Aa2NBE (2 0O2YS Xo



Basic Denver Model

ABased on Building Types/Households

Median
Median Gallons
Dwelling Pervious PerSgFt
Units Per Persons Per Indoor SqgFtper Pervious
Building Type Acre Household GPCD Unit Area
Large Single Family LSF 2.8 2.5 63.5 8,837 11.9
Typical Single Family TSF 5.1 2.5 50.9 4,492 8.2
Small Single Family SSF 8.6 2.4 52.( 2,299 12.5
Small Multifamily SMF 16.C 2.4 52.6 1,047 13.1
3-Story Walkup WMF 24.3 2.3 59.9 641 27.2
Mid-Range Multifamily | MMF 71.8 2.1 69.3 16(Q 31.9
High Density Multifamilyy HMF 115.2 2.0 60.4 88 57.1




Basic Denver Model

Alndoor Gallons Per Capita Per Day
APeople Per Household

ANumber of Units Households
APervious Surface Area Per Unit
AGallons Per Pervious Surface Area

Alndoor Demand =
(People Per Household * Number of Households) * Indoor GPCD * 36
days

AOutdoor Demand = |
(Pervious Area* Gallons per Pervious Area) * Number of Units
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Outdoor
Demand

Demand Per Unit by Building Type and Variance
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Current Conditions

AAssessment at a Regional Level

ANumber of total households
AEstimate of Households for each Denver building type.

ARegion Estimate of Building Types
ARegion Demand By Building Type



Estimate of 2015
Building Types

A Based on method to classify
existing parcels and buildings
to Denver types.

A With assistance from DRCOG

A Did not classify 30% of
housing units.

Housing Units
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Estimates of Water
Demand By Building

Type

Median Gallons Per
SqFtPervious Area

Water Demand by Building Type
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Scenario Analysis

AWhat is it?

AScenarios
Alncreasing Density
Alncreasing Efficiency
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Advanced Scenario Analysis
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51/ 5 I Oe=qaaver Water Model
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A They did most of the hard work.
AAgent based model.

A Agent:a group of households that have common characteristics and behave in the same way.
A Unique agents make decisions and take actions,

A Such as choosing a building type and consuming water
A Base ScenaridNo change in density or efficiency.

A Agents have same building type, same persons per household, same indoor GPCD, thus seven agents.
A Assumption:new units are distributed among building types as they are under current

estimates.
AOne time step, to the future.
A Using DRCOG 2040 TAZ estimates
A 1,383,233 new people.
A 562,069 new units
AQualification:
A Analysis results are independent of number of new people and households and the time line.



Scenario Analysis

AScenarios
Alncreasing Density
AlIncreasing Efficiency



Scenarios: Increasing Dengjtftey Concepts

AHousehold movement:

AHouseholds can move their housing choice from a unit of one building type to
a unit of a higher density building type.

AThe household takes its persons (household size) and its indoor water use
behavior (indoor GPCD) with it to the new building type.

ABuilding type characteristics, such as DUA, Pervious area, and water use per
pervious area, stay with the building type unit.

AMovement depth:
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Scenarios: Increasing Dengjtftey Concepts

AHousehold Movement Assumptions

AlIn a scenario when household movement occurs, building types can not be
skipped, movements are cumulative.

A For example, Movement can occur from LSF to TSF and LSF to SSF, but not just from LSI
to SSF.

i I A O



Scenarios: Increasing Dengjtftey Concepts

AScenario Construction

AA scenario consists of different patterns of movement of households form
one building type to another.

A For example.
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Scenarios: Increasing Dengjtiey Concepts

AScenario Construction Assumption
AHouseholds do not move to a less dense building type.

AScenario Construction

Possible No Possible

ANo movement is a scenario option Building Type ~ Movements Movement Scenarios
AMultiple scenarios each representing LSF 6 1 7
different combinations of household TSF 5 1 6
movements z;FF ;‘ 1 j
ANumber of new households moving is a e : - :
scenario option. T 5 3 5
A 10%, 20%, .. 50% HMF 0 1 1
A Each adds 5,040 scenarios Total Scenarios 5,04

A Assumption:When moved to multiple building types, the
households are equally distributed to each. 20% of total
households moved to 5 building types, each gets 4% .



Scenarios: Increasing Dengjtiey Concepts

AHousehold Movement Increases Density

AAs new households chose to live in a denser building type, the average
density of the community increases.

AThe more households and the higher the density of building types, the higher
the average density increases.

Alncreased Density Reduces Per Unit Outdoor Water Demand

AGenerally increases in average community density result in declines in
outdoor demand

ABut, decreasing per unit outdoor demand is not uniform across all building
types. For example, going from Small Multifamily to \WaskMultifamily
Increases demand.



Scenarios: Increasing Dengjtiey Concepts

AAssumption:Indoor use of water is more a function of culture and
household structure (i.e., children and age) than of the physical
features of low or high density housing.

AGlossary

A Average DUAThis is the weighted average across all building types of the
communities ratio of Dwelling Units Per Acre.

APercent Savingsfhe percent of decline in water demand (total or outdoor)
from a base scenario that has no movement of households.



Scenarios
Increasing
Density

5 levels of % households moving
5,040 Scenarios each
25,200 Total Scenarios
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Scenarios: Increasing Dengjtiey Concepts

AResource CostThe efforts to influence household choice of building
type are considered resource costs. These costs maypliiesal,

SucC
SucC
SUcC

n as the effort to change zoning and building codesnomig
N as the subsidy of the higher costs of denser housirsnaona|

N as changes in culture or values.

AAssumption: The more household movement and the deeper this
movement the higher the Resource Costs.



Scenarios
Increasing
Density

A Not all scenarios of
household movements
are the same

A 30% household
movement example

A Four clusters of
scenarios
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Increasing
Density

LSF and TSF short movement
scenarios are low resource costs

Outdoor Water Demand (AF)
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Changes in Outdoor Efficiency

Increasing
Efficiency -z«
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