Restrictions on the Supply of Affordable, Entry-Level
Housing in Colorado
March 1, 2017

Table of Contents
Executive Summary ................................................................................................................................................. 3
Overview ...................................................................................................................................................................... 4
National Background .............................................................................................................................................. 4
Supply & Demand of For-Sale Homes in Denver ........................................................................................ 5
Demand .............................................................................................................................................................. 6
Supply ................................................................................................................................................................. 8
Potential Effects on Individuals & the State................................................................................................ 10
Unintended Consequences of the Colorado Construction Defects Law .......................................... 11
Projected Economic Impacts from Higher Prices & Lower Residential Investment................. 12
Appendix I ................................................................................................................................................................. 20
Appendix II ................................................................................................................................................................ 24

2

Executive Summary
Over the last five years, home price increases in metro Denver have significantly outpaced price
increases in the rental market. This has made it harder for potential buyers, particularly first-time
buyers, to purchase homes. While demand for home ownership plummeted as a result of the Great
Recession, it has returned in recent years in Denver and other major metro areas.
For-sale housing inventory growth has lagged population growth since 2007. Condominium growth
in particular has been largely non-existent in Denver in recent years. Recent pricing pressures
suggest that there is significant unmet demand in metro Denver for affordable, entry-level housing,
which has led to a “crowding out” of young buyers, forcing young households to rent rather than
purchase. The inability to purchase robs a buyer of the chance to build home equity, an important
financial asset which represents nearly two-thirds of the median U.S. household’s lifetime net worth.
This report explores the evidence and possible causes of restricted housing supply in Colorado and
the potential economic impacts on individuals, the Denver metro area, and the state as a whole.
Using the dynamic forecasting and simulation model, PI+, developed by Regional Economic Models
Inc. (REMI), we are able to simulate the state-wide economic impacts of even small changes to
housing prices and residential investment.
Key findings:
Ø Denver for-sale home prices have increased much more quickly than rent prices,
particularly at the entry level. For the previous 5 years through December 2016, the median
Denver home price increased 73.2%, while median rent prices increased just 46.4%.
Ø Condominium prices in particular have skyrocketed. According to Metro Denver EDC
average sales price for single-family homes in Denver rose 5.1% year-over-year to $421,962,
while the average price of condos increased 21.3%.
Ø Median home prices in Denver have reached all-time highs partly as a result of the
insufficient supply of new housing for entry-level homes, especially in the area of
condominiums. During 2016, nearly 90% of all existing condos re-sold in Denver were priced
below $400,000, pointing to strong demand in the entry-level segment. However, less than 30%
of the new condos built in 2016 were priced below $400,000, and nearly 40% were priced over
$1 million.
Ø Several studies from recent years have found that Colorado construction defects laws are
having adverse effects on the housing market and the supply of affordable
condominiums. A 2013 study released by the Denver Region Council of Governments found
that the increased risk of litigation and resulting insurance costs due to Colorado’s construction
defect laws have increased condominium builder expenses by as much as $15,000 per unit,
potentially making any condos priced under $450,000 uneconomic to build.
Ø The REMI simulations found that even a 1% decrease in residential investment due to
reduced building would result in over 1,800 fewer jobs for Coloradans in 2017, and over
the next five years would decrease state GDP by $1.1 billion and revenue to the state
General Fund by nearly $32 million. A 5% decrease in residential investment would eliminate
8,850 Colorado jobs the first year, and over the next five years would reduce state GDP by $5.2
billion and state revenue by $156 million.
Ø The simulation also found that a 1% increase in housing costs would reduce Coloradans’
aggregate real disposable income by $322 million in just the first year. A 5% increase
would reduce Coloradan’s real disposable income by $1.8 billion in the first year.
Ø The crowding-out of young buyers impacts households by preventing them from building
home equity, but also affects the state at large by leading to reduced migration, greater
income inequality, increased infrastructure pressures as a result of urban sprawl, and
disincentives for businesses to move to or open offices in the state.
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Overview
Over the last five years, home price increases in Denver have significantly outpaced price increases
in the rental market, making it harder for potential buyers to purchase homes, particularly in the
entry-level segment. While demand for for-sale housing plummeted as a result of the Great
Recession, it has returned in recent years in Denver and other major metro areas. At the same time,
for-sale housing inventory growth has lagged population growth since 2007, most notably in the U.S.
West Census Region, which includes the Denver metro area. Condominium growth in particular has
been largely non-existent in Denver in recent years, which has contributed to the restricted supply.
Recent pricing pressures suggest that there is significant unmet demand in Denver for affordable,
entry-level housing.
This paper describes why there is a strong case that prices in Denver are being driven higher due to
restricted supply, particularly in the condominium market, and how this has led to a “crowding out” of
young buyers, forcing young households to rent rather than purchase. The inability to purchase robs
a buyer of the chance to build home equity, an important financial asset which represents nearly
two-thirds of the median U.S. household’s net worth. This report also explores how current
construction defect legislation is likely contributing to restricted condominium supply in Denver and,
using Regional Economic Models Inc.’s PI+ and Tax-PI dynamic forecasting models, explores the
broader economic impacts of lower residential investment and higher housing costs.

National Background
The Great Recession led to a nationwide demand and supply shift away from for-sale housing and
toward rentals (Figure 1).

Figure 1: U.S. Rental Property Inventory as a Share of Total (Q1 2007 to Q3 2016)

Source: U.S. Census Bureau

The growing share of rental properties in the U.S. may be a long-term negative for individual
household finances. Not only do home buyers receive a variety of tax benefits that renters do not,
but when renters pay rent, they send money to the landlord and receive no financial assets in return.
When a buyer purchases a home, each payment made toward the mortgage increases an important
financial asset: home equity.
Home equity acts as collateral, allowing a household to take out lines of credit for spending that it
otherwise would not have had. As a result, there is a strong historical relationship in the United
States between the growth in housing wealth and the growth in total consumption (Figure 2).
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Figure 2: Annual Changes in Housing Wealth and Consumption in the U.S. (1952 to 2008)

Source: U.S. Federal Reserve1

Home equity also acts as an important investment tool, as rising home values are a major
component of how a household builds its net worth. According to the U.S. Federal Reserve, for the
median U.S. household, or excluding the impact of large financial assets held by wealthier
individuals, housing wealth accounts for almost two-thirds of total net worth1. Thus, home equity is a
major component to the creation of wealth in the United States.
As individuals and households have recovered from the Great Recession their demand for for-sale
homes has grown, but the new supply of for-sale homes has not kept pace. This trend is especially
pronounced in Denver, where construction of affordable, for-sale homes, particularly condominiums,
has been largely non-existent in recent years. This restriction on affordable housing supply limits
renters’ options and has driven up the prices of for-sale homes in the Denver area, forcing younger
or less-affluent households to rent or locate elsewhere, which in turn could have a significant
negative impact on the broader Colorado economy.

Supply & Demand of For-Sale Homes in Denver
A 2013 study by Economic & Planning Systems on behalf of the Denver Region Council of
Governments (DRCOG)2 addressed the issue of condominium construction in Denver and found the
following factors to play an important ongoing role:
•

Lending: Stricter lending requirements since the housing crisis are set to continue, but
residential lending is on the upswing.

•

Foreclosures: Foreclosures have declined dramatically and should have far less of an impact
on housing prices going forward.

•

Economic and market conditions: The housing market has improved dramatically, though
continued wage compression suggests that demand for lower-priced units will grow and the
role of attached for-sale products like condominiums will become increasingly important.

•

Peer cities: Other western cities like San Francisco and San Diego have seen a resurgence
in condominium sales and construction, though Denver has not.

•

Demographics: The study suggests the impacts of generational preference on reductions in
for-sale condominium construction have been minor. The preferences of the younger
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generation toward for-sale homes are in line with previous generations and the aging of the
baby boomers may increase demand for single-story, amenity-included housing like condos.
•

Construction defects: Since 2010, the costs related to construction defect liabilities in Denver
have grown. Based on the model used in the study, developers are estimated to pay an extra
$15,000 per unit due to construction defects and, according to industry sources, insurance
premiums are 25% to 45% higher in Colorado than in other states for comparable products.
These additional costs have apparently affected the feasibility of building entry-level housing.

In response, Pacey Economics released a 2015 report3 that challenged the findings of the DRCOG
study, concluding that the lack of condominium construction was primarily due to:
•

Demographic factors such as the younger generation marrying later, as well as lower real
income and higher student debt burdens for young households

•

Stricter financing qualifications for owners

•

Stricter financing qualifications for builders

•

A lack of demand for for-sale housing due to the factors above, and thus lower condo prices
relative to apartment prices as a result of the above, which incentivized the construction of
rental properties over for-sale properties in recent years

The trends referred to in the Pacey study, from lower real incomes to higher unemployment rates,
would be applicable to any major U.S. metropolitan area in the years following the Great Recession.
However, while financing requirements still remain more strict than before the recession, the trends
related to employment and income have meaningfully reversed in recent years as the national
economy has recovered. The Pacey study does not account for the fact that trends in employment
and income, along with a shift in demographics due to the aging of younger households, are now
actually pointing toward strong demand for condominiums and entry-level housing in Denver.
Ø Demand
While high rent costs dominate the headlines, the price growth of for-sale housing in Denver has
actually measurably outpaced rent growth in recent years (Figure 3). In the five years through
December 2016, the median Denver home price increased 73.2%, while median rent prices
increased just 46.4%4.

Figure 3: Denver Median Home Prices vs. Median Rent Costs (Dec. 2011 – Dec. 2016)

Source: Zillow Home Value Index, Zillow Rent Index

6

Both home prices and rent growth have significantly outpaced income growth in Denver in recent
years; in the five years through 2015, Denver’s median household income grew by only 12.6%5.
Further, of the total increase in for-sale housing prices in Denver, it is homes in the lowest-price,
entry-level tier that have seen the fastest growth (Figure 4).

Figure 4: Denver Home Price Increases by Price Tier (Dec. 2011 – Dec. 2016)

Source: Zillow Home Value Index, Zillow Rent Index

This trend is confirmed by looking at the resale market for condominiums in Denver: during 2016,
nearly 90% of all existing condos re-sold in Denver were priced below $400,000, which suggests
particularly strong demand in the entry-level price segment (Figure 5).

Figure 5: Annual Denver Condominium Resales by Price Level ($ thousands)

Source: Metrostudy6

Trends in cities like Salt Lake City and Austin, which have similar housing markets to Denver, have
seen markedly stronger recoveries in condo construction than Denver in recent years. As of year-
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end 2014, Austin saw condo construction rebound to about 22% of its pre-recession peak and Salt
Lake City to about 16%, while Denver condo starts had remained at only about 7% of peak pre-crisis
levels7.
The risk is that there is indeed demand in Denver for entry-level, condominium-style housing and
that it will continue growing, but that there will be little to no supply to absorb it.
Ø Supply
There has been a nationwide collapse in housing inventory since the recession, but particularly on
the for-sale side. Figure 6 compares population growth in the West Census Region, which includes
Colorado, versus growth in total housing inventory.

Figure 6: Housing Inventory vs. Population Growth, West Census Region
(Annual average % change, 2002 - 2016)

Source: U.S. Census Bureau

For comparison, Figure 7 illustrates population growth in the West census region compared to
growth in for-sale housing inventory specifically.
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Figure 7: For-Sale Housing Inventory vs. Population Growth, West Census Region
(Annual average % change, 2002 - 2016)

Source: U.S. Census Bureau

Clearly, relative to demographic demand (as determined by population growth) faster housing
inventory growth is needed, particularly on the for-sale side. Faster-growing prices in the lower price
tiers also suggest that supply is lagging demand particularly for entry-level buyers.
Unfortunately, in the Denver area, too little entry-level housing has been built in recent years to
accommodate for the demand. As of 2016, Denver condominium starts remain well below historical
averages at 4% of total new homes8. Though absolute starts have recovered somewhat, they remain
extremely low relative to starts of detached homes and townhomes (Figure 8).

Figure 8: Denver New Home Starts by Type (Q4 2002 – Q4 2016)

Source: Metrostudy5
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Further, what few new starts there have been are slanted toward high-cost luxury units. In August
2016, a major condominium project broke ground near Union Station in Denver. Of the 334 new
units, less than 6% will be in the high $200,000 range or below, the minimum as required by city
affordable housing law9. Of the other units, the majority are priced at $1 million or more. This trend is
also reflected in condominium starts for the city as a whole: less than 30% of the new condo supply
built in 2016 was priced below $400,000, and nearly 40% was priced over $1 million (Figure 9).

Figure 9: Annual Denver Condominium Starts by Price Level ($ thousands)

Source: Metrostudy5

The lack of new condominiums has contributed to a shortage in for-sale housing in the more
affordable, entry-level price tiers, to the point that 68% of homes in Denver are now priced above
$400,000 - an all-time high10.
Condominium prices in particular have skyrocketed- according to Metro Denver Economic
Development Corporation, which conducts research on behalf of the Denver Metro Chamber of
Commerce, the average sales price for single-family homes in Denver rose 5.1% year-over-year in
February 2017 to $421,962, while the average sales price of condominiums ($277,384) increased
21.3%11.
The movement in housing prices in recent years is clear evidence that Denver has healthy demand
for entry-level housing like condominiums and insufficient supply to absorb it. This “crowding out” of
new would-be buyers forces young households to rent and prevents them from accumulating the
home equity that is so important to their future wealth and financial stability.

Potential Effects on Individuals & the State
Here we outline a few key qualitative issues facing Colorado as a result of restricted affordable
housing supply. This list is by no means exhaustive, and there are numerous other issues with
restricted housing supply in Denver that are not mentioned in this report.
First and foremost, when younger or poorer households are prevented from accumulating net worth
through home equity, it keeps those households from their single most important investment vehicle,
which ultimately leads to greater income inequality. All else equal, the later a household begins
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building equity, the less time it has to reap the benefits of rising home values and, thus, the less
wealth the household is able to eventually build.
A lack of entry-level housing could also take a toll on Denver’s infrastructure by promoting “urban
sprawl,” forcing households away from the city center and leading to heavier traffic, worse
congestion, and greater infrastructure requirements on the part of the state. Besides creating
inefficiencies by forcing people to live further and further from where they work, urban sprawl puts
more strain on the environment and Colorado’s state budget.
Further, reduced availability of affordable housing discourages in-migration by young professionals
and families, who require affordable entry-level housing. These households are important to the
economic health and growth of the city, particularly as it relates to bringing higher-skilled, higherpaying jobs into the state.
These disincentives for individuals are also disincentives for their employers. Businesses often
evaluate the availability of nearby housing at various price levels when considering setting up new
offices and seek cities with a wide variety of housing options. With such restricted supply of entrylevel housing in the Denver area, many companies may simply feel they need to locate elsewhere.
Ultimately, given the clear unmet demand for entry-level, for-sale housing in Denver as well as the
potential negative effects on the state’s economy, the question is what is preventing builders from
addressing the demand.

Unintended Consequences of the Colorado Construction Defects Law
In 2001, the Colorado House of Representatives passed the Construction Defect Action Reform Act
(CDARA), which, among other things, distinguishes construction defect lawsuits from common
lawsuits and allows homeowners’ associations (HOAs) to file a defect action for five or more units. In
response to numerous class-action lawsuits that saw large damages awarded to claimants, which
construction industry professionals argued were above and beyond reasonable amounts, the
Colorado House amended the law in 2003 to require residential property owners to notify
construction professionals of any defects before filing an action and to give them the opportunity to
inspect the defects and tender an offer to fix the defects.
Other Colorado construction defect legislation includes a 2007 bill that voids the waiver of statutory
rights by residential property owners, prohibiting any construction contract clause that waives any of
the rights contained in the CDARA or the Colorado Consumer Protection Act, as well as a 2010 bill
that requires insurance companies to broadly interpret their duties in defending insured residential
property owners under a commercial general liability policy12.
In light of this legislation, some home builders have concluded through standard risk assessments
(which generally cover everything from developer to lender to insurance risk) that condominiums are
simply too risky to build in Colorado due to the high probability of class-action lawsuits. Data in this
report supports the notion that, along with other factors, regulatory burdens such as the construction
defects legislation in Colorado are indeed contributing to a restriction in housing supply and
increasing housing prices, particularly for entry-level buyers. Thus, while the law is meant to protect
consumers, it is also having a negative impact on the broader housing market and economy.
The two reports referenced earlier, from DRCOG and Pacey Economics, have differing viewpoints
on the extent to which the construction defects law is having an impact, but both recognize that there
is a cost. The DRCOG study suggests that these costs are around $15,000 per condominium. It
also estimates that, as a result of higher costs and litigation risk, units under $450,000 are not
economically feasible for builders to construct. The Pacey Economics reports does not quantify
specific costs, but suggests that the impact of construction defects regulation on the supply of
condominiums is likely minimal, with low supply largely a result of absent demand.
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Even if the supply impacts from construction defects regulations are thought to be minimal, there
could still be significant effects on the broader Colorado economy. Housing is a vital part of any
regional economy, both from the standpoint of the homebuilding and related industries as well as
from the standpoint of individual household budgets. The industries related to construction, real
estate services, repair, financing, and furnishing account for a significant part of Colorado’s total job
market and represent the source of income for many individuals. Further, the monthly cost of
housing through rent or mortgage is often the single largest cost to a household.
Therefore, any restrictions in housing supply, represented in the following simulations by lower
residential construction and higher home prices, end up having a broad financial impact on the state
as a whole. In the next section of the paper we look at what a range of these disruptions means for
the Denver and Colorado economies. Using a range of just 1% to 5%, we evaluate the economic
impacts of lower residential investment and higher housing costs on Colorado’s population,
migration, tax revenues, employment, gross domestic product, and citizens’ real disposable income.

Projected Economic Impacts from Higher Prices & Lower Residential Investment
Economic modeling provides the opportunity to quantify the regional impacts of various economic
and policy issues. Using the PI+ modeling software developed by REMI, we simulated two potential
scenarios to gain a better understanding of what impacts these restrictions could be having on the
broader economy.
PI+ is an economic forecasting and simulation model. It is built to represent the unique regional
economies of Metro Denver, Denver South and the Rest of Colorado. A map with the shaded
counties in each region is shown on the following page. The model structure contains equations that
capture the dynamic and interconnected nature of a regional economy. The underlying methodology
integrates different economic theories including computable general equilibrium, input/output,
econometrics and new economic geography. PI+ is built by REMI, and is used by state, local and
national organization across the country and world. The full documentation can be found online at
www.remi.com/documentation. There is also additional information on the model in Appendix I.
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PI+ Model Linkages

PI+ Regional Layout
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PI+ Economic Simulations
These economic simulations were performed to isolate the macroeconomic impacts of two direct
effects of restricting housing supply: (1) lower residential investment and (2) higher housing costs.
Each scenario was performed over a 5 year period and assumes a 1% and 5% direct change to the
inputs in order to explore the dynamic impacts of such variations.
Ø Scenario 1
The first scenario looks at just the economic losses associated with a 1% and 5% reduction in
annual residential housing investment over a projected 5 year period. New residential investment is
simply the dollar amount of annual increase in total housing. It has the most significant impacts on
the construction and real estate markets; however, through impacts on suppliers and consumer
spending as a result of lower wage income, nearly every industry is affected. The direct impacts on
residential investment, which represent the initial shocks to the model that then flow through the
model structure to quantify the associated impacts, are provided in Appendix II.
Figure 10 illustrates the impact of a 1% decline in residential investment on Colorado’s total
employment. The table below details impacts at both the 1% and 5% levels.

Figure 10: Jobs Lost Due to a 1% Decrease in Residential Investment

Change
1%
1%
1%
1%
5%
5%
5%
5%

Region
Metro Denver
Denver South
Rest of CO
All of CO
Metro Denver
Denver South
Rest of CO
All of CO

2017
-795
-394
-612
-1,801
-3,915
-1,907
-3,028
-8,850

2018
-1,154
-571
-888
-2,613
-5,682
-2,763
-4,395
-12,840

2019
-1,210
-597
-933
-2,740
-5,957
-2,887
-4,619
-13,463

2020
-1,087
-534
-846
-2,467
-5,352
-2,586
-4,185
-12,123

2021
-876
-428
-692
-1,996
-4,316
-2,073
-3,425
-9,814
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Figure 11 shows the impact of a 1% decline in residential investment on Colorado’s GDP. The table
below details impacts at both the 1% and 5% levels.

Figure 11: GDP Lost Due to a 1% Decrease in Residential Investment (millions 2017$)

Change
1%
1%
1%
1%
5%
5%
5%
5%

Region
Metro Denver
Denver South
Rest of CO
All of CO
Metro Denver
Denver South
Rest of CO
All of CO

2017
-77.5
-37.0
-44.6
-159.1
-381.2
-179.3
-220.7
-781.2

2018
-114.3
-54.5
-65.9
-234.7
-562.2
-263.8
-326.2
-1,152.2

2019
-122.0
-57.9
-70.7
-250.6
-600.5
-280.7
-349.6
-1,230.8

2020
-111.5
-52.8
-65.2
-229.5
-548.6
-255.7
-322.4
-1,126.7

2021
-91.3
-43.0
-54.3
-188.6
-449.6
-208.6
-268.5
-926.7

If we look at the distribution of the impact on jobs by industry (Figure 12), we can see that even
though sectors directly involved with residential housing are most affected, all industries feel the
impact of lower residential investment.

Figure 12: Share of Jobs Lost by Industry Due to a 1% Decrease in Residential Investment
Industry
Construction and Real Estate
All other industries

Denver
Metro
46.1%
53.9%

Denver
South
47.8%
52.2%

Rest of
Colorado
56.2%
43.8%

For this first scenario, we were also able to capture the dynamic tax revenue impacts to the state as
a result of the economic impacts shown above. For these simulations, we used a state level Tax-PI
model, which incorporates all the functionality of PI+, but with the added capability to simulate
dynamic impacts to a state budget. By first calibrating the Tax-PI model to link the state budget to
the tax base represented within the model baseline, the model can calculate how revenues and
expenditures will change as a result of policy simulations. Results are found in Figure 13.
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Figure 13: State Revenue Lost Due to a 1% and 5% Decrease in Residential Investment (millions
current $)

Ø Scenario 2
The second scenario evaluates the economic impacts of a 1% and 5% increase in housing prices
above a baseline over a 5 year period. The economic impacts related to higher housing prices are
complex. As stated earlier, higher prices generally result from growing incomes and stronger
demand. Higher prices benefit current owners due to increased wealth and the ability to charge
higher rents. Long-term, it may even be the case that more expensive homes simply serve as larger
savings and investment vehicle for homeowners. However, if prices are being driven up due to
regulation or supply restrictions, they instead have the effect of reducing growth relative to its original
potential, and can also lead to less migration and lower real disposable incomes.
Within PI+ the impacts are simulated by increasing the cost of three direct categories, which are
outlined in Appendix II. The PI+ model has the unique capability to quantify the interaction between
the economy and demographics through labor supply and economic migration. The decision of
where to live is largely determined by the underlying costs in a particular area; thus, all else equal,
higher cost areas mean that new migrants moving in will demand a higher wage relative to a similar
job in a lower cost market.
Figure 14 illustrates the multi-year impact of a 1% increase in housing prices on total economic
migrants to the state, and the accompanying table details the impact from 1% and 5% increases.
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Figure 14: Reduced Migration Due to a 1% Increase in Housing Prices

Change

Region

1%
1%
1%
1%
5%
5%
5%
5%

Metro Denver
Denver South
Rest of CO
All CO
Metro Denver
Denver South
Rest of CO
All CO

2017

2018

2019

2020

2021

-741
-369
-714
-1,824
-3,600
-1,792
-3,484
-8,876

-638
-323
-616
-1,577
-3,099
-1,566
-2,998
-7,663

-558
-285
-542
-1,385
-2,692
-1,377
-2,637
-6,706

-470
-240
-473
-1,183
-2,278
-1,166
-2,297
-5,741

-385
-196
-400
-981
-1,866
-950
-1,941
-4,757

Figure 15 illustrates the multi-year impact of a 1% increase in housing prices on the total state
population, and the accompanying table details the impact from both 1% and 5% increases.

Figure 15: Reduced Population Due to a 1% Increase in Housing Prices
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Change Region
1%
1%
1%
1%
5%
5%
5%
5%

Metro Denver
Denver South
Rest of CO
All CO
Metro Denver
Denver South
Rest of CO
All CO

2017

2018

2019

2020

2021

-748
-372
-721
-1,841
-3,633
-1,811
-3,520
-8,964

-1,405
-706
-1,358
-3,469
-6,826
-3,430
-6,620
-16,876

-1,993
-1,008
-1,933
-4,934
-9,666
-4,890
-9,417
-23,973

-2,503
-1,271
-2,450
-6,224
-12,139
-6,166
-11,928
-30,233

-2,937
-1,494
-2,903
-7,334
-14,237
-7,248
-14,127
-35,612

Finally, as a result of deterring individuals from wanting to move into the region and crowding out
non-housing consumer spending, higher housing prices also have the effect of lowering real
disposable income (income after taxes and inflation) by reducing total job growth and decreasing
household purchasing power. Thus, while real disposable income is forecast to increase in Colorado
over the next five years, higher housing costs will cause it to increase at a slower rate than it
otherwise would have. Figure 16 illustrates the impact of a 1% increase in housing prices on total
disposable income for the state’s population and the accompanying table details the impact from
both 1% and 5% increases.

Figure 16: Reduced Real Disposable Income Due to a 1% Increase in Housing Prices (millions 2017 $)

Change
1%
1%
1%
1%
5%
5%
5%
5%

Region
Metro Denver
Denver South
Rest of CO
All CO
Metro Denver
Denver South
Rest of CO
All CO

2017
-137.5
-71.2
-113.5
-322.2
-761.8
-395.5
-628.2
-1,785.5

2018
-145.8
-76.9
-121.6
-344.3
-809.3
-427.9
-674.3
-1,911.5

2019
-156.3
-82.6
-131.3
-370.2
-863.8
-459.8
-726.2
-2,049.8

2020
-161.5
-86.0
-138.1
-385.6
-891.8
-477.1
-761.8
-2,130.7

2021
-164.1
-87.3
-142.7
-394.1
-903.8
-483.5
-784.6
-2,171.9
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Conclusion
Denver is currently suffering from a significant undersupply of affordable for-sale housing,
particularly as it pertains to condominiums. Pricing pressures suggest that there is strong demand in
the entry-level price tiers, and yet very little supply has been built in Denver in recent years. The
explanation for this discrepancy partially comes down to construction defects regulations in
Colorado, which some homebuilders claim has made the risk of class-action litigation so high that
they have decided to stop building condominiums in Colorado entirely.
Ultimately, all Coloradans pay the price for this restriction of affordable housing supply and the
ensuing impact on households. The crowding out of young buyers impairs household finances, adds
to urban sprawl and associated infrastructure pressures, and discourages in-migration of workers
and their employers. Further, economic simulations find that even small decreases in residential
investment or small increases in housing prices can result in thousands of fewer jobs, millions of
dollars in lost GDP, millions of dollars in lost state revenue, and millions of dollars in lost disposable
income for the state and its citizens. As a result, encouraging the construction of entry-level housing
in Colorado, particularly in the area of condominiums, would likely benefit the state as a whole.
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Appendix I – Overview of PI+
PI+ is a structural economic forecasting and policy analysis model. It integrates input-output, computable
general equilibrium, econometric, and economic geography methodologies. The model is dynamic, with
forecasts and simulations generated on an annual basis and behavioral responses to compensation, price,
and other economic factors.
The model consists of thousands of simultaneous equations with a structure that is relatively
straightforward. The exact number of equations used varies depending on the extent of industry,
demographic, demand, and other detail in the specific model being used. The overall structure of the
model can be summarized in five major blocks: (1) Output and Demand, (2) Labor and Capital Demand,
(3) Population and Labor Supply, (4) Compensation, Prices, and Costs, and (5) Market Shares. The
blocks and their key interactions are shown in Figures 1 and 2.

Figure 1: REMI Model Linkages
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Figure 2: Economic Geography Linkages

The Output and Demand block consists of output, demand, consumption, investment, government
spending, exports, and imports, as well as feedback from output change due to the change in the
productivity of intermediate inputs. The Labor and Capital Demand block includes labor intensity and
productivity as well as demand for labor and capital. Labor force participation rate and migration
equations are in the Population and Labor Supply block. The Compensation, Prices, and Costs block
includes composite prices, determinants of production costs, the consumption price deflator, housing
prices, and the compensation equations. The proportion of local, inter-regional, and export markets
captured by each region is included in the Market Shares block.
Models can be built as single region, multi-region, or multi-region national models. A region is
defined broadly as a sub-national area, and could consist of a state, province, county, or city, or any
combination of sub-national areas.
Single-region models consist of an individual region, called the home region. The rest of the nation is
also represented in the model. However, since the home region is only a small part of the total nation, the
changes in the region do not have an endogenous effect on the variables in the rest of the nation.
Multi-regional models have interactions among regions, such as trade and commuting flows. These
interactions include trade flows from each region to each of the other regions. These flows are illustrated
for a three-region model in Figure 3.
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Figure 3: Trade and Commuter Flow Linkages
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Multiregional national models also include a central bank monetary response that constrains labor
markets. Models that only encompass a relatively small portion of a nation are not endogenously
constrained by changes in exchange rates or monetary responses.
Block 1. Output and Demand
This block includes output, demand, consumption, investment, government spending, import,
commodity access, and export concepts. Output for each industry in the home region is determined by
industry demand in all regions in the nation, the home region’s share of each market, and international
exports from the region.
For each industry, demand is determined by the amount of output, consumption, investment, and
capital demand on that industry. Consumption depends on real disposable income per capita, relative
prices, differential income elasticities, and population. Input productivity depends on access to inputs
because a larger choice set of inputs means it is more likely that the input with the specific characteristics
required for the job will be found. In the capital stock adjustment process, investment occurs to fill the
difference between optimal and actual capital stock for residential, non-residential, and equipment
investment. Government spending changes are determined by changes in the population.
Block 2. Labor and Capital Demand
The Labor and Capital Demand block includes the determination of labor productivity, labor intensity,
and the optimal capital stocks. Industry-specific labor productivity depends on the availability of workers
with differentiated skills for the occupations used in each industry. The occupational labor supply and
commuting costs determine firms’ access to a specialized labor force.
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Labor intensity is determined by the cost of labor relative to the other factor inputs, capital and fuel.
Demand for capital is driven by the optimal capital stock equation for both non-residential capital and
equipment. Optimal capital stock for each industry depends on the relative cost of labor and capital, and
the employment weighted by capital use for each industry. Employment in private industries is
determined by the value added and employment per unit of value added in each industry.
Block 3. Population and Labor Supply
The Population and Labor Supply block includes detailed demographic information about the region.
Population data is given for age, gender, and ethnic category, with birth and survival rates for each group.
The size and labor force participation rate of each group determines the labor supply. These participation
rates respond to changes in employment relative to the potential labor force and to changes in the real
after-tax compensation rate. Migration includes retirement, military, international, and economic
migration. Economic migration is determined by the relative real after-tax compensation rate, relative
employment opportunity, and consumer access to variety.
Block 4. Compensation, Prices and Costs
This block includes delivered prices, production costs, equipment cost, the consumption deflator,
consumer prices, the price of housing, and the compensation equation. Economic geography concepts
account for the productivity and price effects of access to specialized labor, goods, and services.
These prices measure the price of the industry output, taking into account the access to production
locations. This access is important due to the specialization of production that takes place within each
industry, and because transportation and transaction costs of distance are significant. Composite prices
for each industry are then calculated based on the production costs of supplying regions, the effective
distance to these regions, and the index of access to the variety of outputs in the industry relative to the
access by other uses of the product.
The cost of production for each industry is determined by the cost of labor, capital, fuel, and
intermediate inputs. Labor costs reflect a productivity adjustment to account for access to specialized
labor, as well as underlying compensation rates. Capital costs include costs of non-residential structures
and equipment, while fuel costs incorporate electricity, natural gas, and residual fuels.
The consumption deflator converts industry prices to prices for consumption commodities. For
potential migrants, the consumer price is additionally calculated to include housing prices. Housing
prices change from their initial level depending on changes in income and population density.
Compensation changes are due to changes in labor demand and supply conditions and changes in the
national compensation rate. Changes in employment opportunities relative to the labor force and
occupational demand change determine compensation rates by industry.
Block 5. Market Shares
The market shares equations measure the proportion of local and export markets that are captured by
each industry. These depend on relative production costs, the estimated price elasticity of demand, and
the effective distance between the home region and each of the other regions. The change in share of a
specific area in any region depends on changes in its delivered price and the quantity it produces
compared with the same factors for competitors in that market. The share of local and external markets
then drives the exports from and imports to the home economy.
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Appendix II - Direct Model Shocks
Scenario 1
Table 1 - Simulation 1 Direct Shock to
Residential Investment(M Fixed 2017$)
1% Metro Denver
1% Denver South
1% Rest of CO
5% Metro Denver
5% Denver South
5% Rest of CO

2017
-60.6
-30.6
-51.9
-300.2
-145.9
-257.2

2018
-87.1
-44.4
-74.2
-431.2
-211.9
-367.6

2019
-90.9
-46.7
-77.3
-450.1
-222.9
-383.1

2020
-81.5
-42
-69.5
-403.2
-200.6
-344.5

2021
-65.6
-33.8
-56.5
-324.6
-161.4
-280.2

Scenario 2
Table 5 - Scenario 2 Direct Model
Inputs
2017

2018

2019

2020

2021

Consumer Price

Rental of tenantoccupied nonfarm
housing

Metro
Denver

Percent

1

1

1

1

1

Consumer Price

Imputed rental of
owner-occupied
nonfarm housing

Metro
Denver

Percent

1

1

1

1

1

Consumer Price

Rental of tenantoccupied nonfarm
housing

Denver
South

Percent

1

1

1

1

1

Consumer Price

Imputed rental of
owner-occupied
nonfarm housing

Denver
South

Percent

1

1

1

1

1

Consumer Price

Rental of tenantoccupied nonfarm
housing

Rest of
CO

Percent

1

1

1

1

1

Consumer Price

Imputed rental of
owner-occupied
nonfarm housing

Rest of
CO

Percent

1

1

1

1

1

Property
Income(Rent)

1%

Metro
Denver

2009 Fixed
National $
(B)

0.046 0.047 0.047 0.047 0.047
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Property
Income(Rent)

1%

Denver
South

2009 Fixed
National $
(B)

0.022 0.022 0.022 0.022 0.022

Property
Income(Rent)

1%

Rest of
CO

2009 Fixed
National $
(B)

0.039 0.040 0.040 0.040 0.040

Property
Income(Rent)

5%

Metro
Denver

2009 Fixed
National $
(B)

0.231 0.234 0.234 0.235 0.236

Property
Income(Rent)

5%

Denver
South

2009 Fixed
National $
(B)

0.108 0.109 0.110 0.110 0.111

Property
Income(Rent)

5%

Rest of
CO

2009 Fixed
National $
(B)

0.195 0.198 0.200 0.200 0.202
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