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Abstract: Separating urban land and structure values is important for national accounts and for analysis of house
price dynamics. A large part of the literature on urban land valuation uses the land residual method, which relies on
the assumption that structures are easily replaced. But  urban land value depends on accessibility to nearby land
uses, implying that infrastructure and the slowly changing built environment are the most important components of
land value. Investments in structures are only slowly reversible, implying that land and structure function as a bundled
good whereas land residual theory severs the connection between land value and structure value over time. We
develop a simple theoretical model that includes risk – and therefore the option to delay – and compare our model to
a nested land residual  model  before and after a  shock to values.  Cross-sectionally  our model  shows that  land
residual theory overestimates structure value; over time almost all of any change in property value is allocated to land
residuals. Data from Maricopa county, AZ, 2012–2018 strongly support option value models when nested within a
general model that also includes land residuals. FHFA estimates use entirely different cost estimation methods: our
analysis of FHA data suggest that our conclusions generalize to the U.S. as a whole, and that high and rising land
value ratios (the “hockey stick” pattern found in the literature) are likely an artifact of the residual model. We further
show that construction costs are valued by the housing market,  suggesting a new use of  the construction cost
variable.
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Introduction

This paper proposes new methods for valuing urban land which we define as land in urban 

areas where substantial usable structures are present on the land. We use the terms “land” and 

“urban land” to refer to land under a substantial usable structure. We use the term “vacant land” 

for urban land with small structures, parking lots, raw land without improvements or land in 

some stage of preparation for construction. We always use the “vacant” qualifier if we refer to 

this less common type of urban land.

The value of urban land as separated from the value of structures is highly relevant to 

the dynamics and volatility of commercial and residential real estate. This was highlighted 

recently by Knoll et al. (2017): “We show that real house prices stayed constant from the 

nineteenth to the mid-twentieth century, but rose strongly and with substantial cross-country 

variation in the second half of the twentieth century. Land prices, not replacement costs, are the 

key to understanding the trajectory of house prices. Rising land prices explain about 80 percent 

of the global house price boom that has taken place since World War II. Our findings have 

implications for the evolution of wealth-to-income ratios, the growth effects of agglomeration, 

and the price elasticity of housing supply.” Knoll et al. (2017) uses an influential land valuation 

method, the land residual model which assumes that land value and structure value are 

additively separable (i.e., each component of total value may evolve independently of the other) 

and that structure value can be estimated from the cost to rebuild the structure less depreciation

due to aging.1

We think that it is implausible that the value of urban land can evolve independently of 

the value of structures because urban land value depends on accessibility to nearby land uses, 

implying that infrastructure and the slowly changing built environment are the most important 

1 Prof. Ted Bergstrom has lecture notes providing a good technical explanation of additive 
separability. We will show that land and structure value cannot evolve separately under the 
assumption of irreversible investment in structure.
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components of land value. Think of a (future) urban area composed of raw land which has no 

roads, utilities or structure. The value of this raw land will be very low; it might plausibly be 

traded for a few trinkets and some cloth.2 After substantial capital investment in infrastructure 

and surrounding structures the same parcel of vacant land will have value based on the 

potential for a structure that is well suited to surrounding structures and land uses. In the event 

that the parcel already has a structure – likely since urban land is typically densely developed – 

then its value will be based on the existing structure and on its potential for substantial 

renovation or redevelopment to better match the surrounding built environment. These 

considerations mitigate a framework designed to separate the dynamics of land and structure.3

The residual land value method developed by real estate appraisers was popularized in 

the academic literature by Davis and Palumbo (2008).  The land residual method has been 

applied and developed by an extensive literature discussed below and recently extended to 

geographies as small as zip codes by Davis et al. (2019). The literature includes contributions 

by Diewert et al. (2011) and by Landefeld and Hines (1985) who discuss the National Income 

and Product Accounts (NIPA) treatment of land value. The land leverage hypothesis which 

holds that the risk inherent in real estate is an increasing function of the ratio of land value to 

total value uses land residual methods: see Bostic et al. (2007) and Bourassa et al. (2011). 

Despite the way academics typically use the land residual approach for all properties, 

practitioners are typically quick to note that the cost approach is either not calculated at all or 

just not relied on for properties past a given age. In the real-world, adjustments are often 

needed to reconcile costs, sales comparisons, and income valuation approaches, all of which 

2 Pikety (2017), chapter 5 defines pure land as “land prior to any human improvements” and
suggests that “pure land constitutes only a small part of national capital.” Here we propose 
methods for separating the value of land with improvements from the economic value of 
structure and we argue that their patterns over time are highly interdependent.
3 It might be objected that long run changes in structure value must be the same as changes
in construction costs. This is not the case because of substitution between structure and 
land, as we demonstrate with our numerical solutions below. The intuition is that higher 
valued structures will be built on higher valued land, reducing the ratio of land value to 
property value when land value is increasing.
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may lead to disparate estimates of property and land valuations. We develop a framework for 

better land valuation practices.

Our alternative land valuation methods are based on irreversibility and option value 

theory. The theory says that, once a structure is built, the structure and land become a bundled 

good for an extended period of time. For a typical real estate market where values are stable or 

changing by modest amounts, we show that the ratio estimated with option value theory 

changes much more slowly than the one estimated by the land residual theory. In a rising 

(falling) market the land residual method predicts that land value ratio will rise (fall) whereas 

option value methods predict no change except for the obsolescence of structures in a rising 

market and the depreciation of structures in a falling market. We provide a simple model with 

numerical examples of these differences in a rising market.

In addition to modelling the disparate valuations of the land residual and option value 

theories, we empirically compare the two models using a new database provided by the 

Maricopa county, Arizona tax assessor to a group of researchers working with the Lincoln 

Institute of Land Policy. The data provide rich source of information on vacant land sales (2000-

2018) and single family residential (SFR) sales (2007 – 2018) along with many characteristics of

these sales and of all properties in Maricopa County.

Figure 1 motivates our study with Maricopa county data for quarterly SFR sales since 

1995. The home price index, land price index (the “Lincoln land price index”) and land share are

obtained from the Lincoln Institute of Land Policy website and Davis and Palumbo (2008). Land 

residual methods were used to produce land indices. For the purposes of this paper, we are 

most interested in the close association between the home price index and the land share 

index. This follows from the assumptions of the land residual model, which we illustrate by 

adding an annual construction cost index for Maricopa County. In the land residual method, 

structure value for any existing structure increases at the rate of construction costs less 
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depreciation and obsolescence. In Maricopa County, construction costs have increased roughly 

linearly. Almost all of the differences between changes in house value and changes in 

construction costs are allocated to land by the land residual method, and this is reflected in 

Figure 1.

Figure 2 plots the Lincoln land price index (annualized) since 2000 in order to compare 

to an index we produced based on Maricopa County vacant land sales and Phoenix house 

prices estimated by the FHFA. All three indices use SFR sales data or sales of land zoned SFR.

In general, we observe the expected positive correlation between house prices and the two land

price indices. In the case of the Lincoln index this follows from the assumption that most of the 

variation in house prices is transferred to land value. In the case of the vacant land index this 

follows from the fact that urban land has little value except for its potential to be developed with 

a structure, i.e., vacant land value derives from the value of the structure. Option value theory 

applied to vacant land says that the option value component of land value is leveraged by the 

relatively constant cost to build, implying that the timing of land value changes will follow those 

of SFR values, but that land will have much higher volatility. This is what we observe in Figure 

2, strengthening our belief that option value theory is relevant to urban land valuation.4

The Lincoln land price index is more volatile than the vacant land price index with a 

difference between trough and peak of about 3.0 versus about 2.5 for the vacant price index. 

The timing of the Lincoln index is not as well matched with the SFR index. These observations 

cast some doubt on the land residual method, motivating our research on an alternative method 

based on option theory. 

4 However, once a substantial structure is added to the land, the option to redevelop with another 
structure has very little value: the option is “deep out of the money” because of irreversibility. This implies 
that the value of urban land (not vacant) should be much less volatile than implied by the vacant land 
index or the land residual index. Figure 2 shows the opposite relationship, raising doubts about the land 
residual method.
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In our empirical analysis, we focus on data from Maricopa county, AZ during a time period 

of appreciation (2012–2018) to estimate land values with both the land residual and option value

approaches. We also compare these with FHFA estimates: FHFA uses a land residual method, 

but with a very different source for depreciated cost to replace the structure. We find that the 

marginal structure value per square foot is undervalued by land residual estimates. These 

marginal effects support predictions from option value theory, as can be seen with our simple 

theoretical model of option value in a rising market.  We also directly demonstrate the strength 

of the option value approach by revealing empirically that land shares for high option value 

neighborhoods, where vacant land sales are more relevant, increased by about 11% over six 

years compared to nearly 24% under land residual assumptions. These findings are consistent 

with the evolution of vacant land prices that we observe in Figure 2. Option value also requires 

that the neighborhoods classified as existing with deep out of the money options – 

neighborhoods typical of a large share of urban real estate – demonstrate low growth in the land

ratio (about 2% over six years) due to depreciation only.

The rest of this paper is focused on comparing the land residual method with methods 

based on irreversibility, the main assumption of option value theory as applied to estimating 

urban land values. The next section surveys literature, followed by our presentation of the 

theory and methods for land valuation. We then describe the data, followed by our empirical 

results. Finally, we offer some concluding remarks. 

Literature Review

The values of land and improvements have been historically challenging to disentangle. One 

contribution of our work is that we set up a framework for practitioners who want to estimate 

land values under the assumption of irreversibility. One of our key empirical findings is that 
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irreversibility is an important factor for estimating land values for most parcels, even for those 

with structures that have been built within the past 15 years. 

The challenges for separating urban land and structure values have evoked a rich 

literature on the topic. The existing literature on land values tends to focus on at least 3 

approaches to estimating land values. The first of these that we review below include “residual” 

land value methods, where land values are equal to the residual between house values and 

construction costs. The second approach relies on vacant land sales as providing values 

comparable to land under structures. A third approach consists of a set of automated valuation 

methods (AVM), where econometric models are used to derive land value estimates. Some of 

these AVM models focus on hedonic land value models, while others use hedonic housing value

models to extract the value of house characteristics and then derive location values.

One advantage of the residual land value approach is computational ease, and this is 

likely one reason why some of the most comprehensive land value indexes (i.e, Davis et al., 

2019) rely on this approach. In general, there are available data on residential construction 

costs, and there is some guidance in the appraisal literature on reasonable assumptions on 

depreciation rates over time. Using the construction costs data, it is possible to estimate the 

replacement costs of an existing house. But when a house is not a new construction property, 

the value of the structure is typically not equal to the replacement cost of building a new house, 

because of depreciation coupled with changes in property value since construction. The logic of 

the land residual method requires adjustments for construction costs for depreciation to 

estimate structure value. After obtaining the estimated structure value, land value is obtained as 

the residual between the sale value and the replacement cost net of depreciation.

The land residual method is widely accepted and also has been applied in several 

settings. For instance, Landefeld and Hines (1985) demonstrate the use of this approach in the 
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National Income and Product Accounts (NIPA), with respect to natural resources. Specifically, 

the “natural resource component of the total value of oil and gas reserves is obtained by 

subtracting the current replacement cost value of oil and gas producers' net stock of physical 

capital from the total value of oil and gas reserves.” (Landefeld and Hines, 1985). The land 

residual method is also used in land value indices that are published by the Lincoln Institute of 

Land Policy (see Davis and Palumbo, 2008), as described in more detail below. Diewert et al. 

(2011) apply a variation of the residual approach to a Dutch house price index, along with a 

parametric approach, to disentangle land and improvement values. Clearly the land residual 

method has a long history of applications, which motivates our analysis.

The Davis et al. (2019) residual land value method can be traced back in the academic 

literature to Davis and Heathcote (2007), who use vacant land data to obtain a nation-wide land 

price index for the U.S. Later work by Davis and Palumbo (2008) relies heavily upon the 

residual land value approach in their development of a land price index, which varies by MSA 

and time (at the quarterly frequency), reaching back to 1975. In a more recent paper, Davis et 

al. (2019) use the residual land value method to develop a land price index at the zip code level 

as well as at the census tract level, covering the entire U.S. This index is the most 

comprehensive-known land price index to date.

Knoll et al. (2017) use the residual land value method to study historical land values for 

14 different countries, going back to the late 1800s in some cases. For the U.S., they find that in

the roughly 60-year period following World War II, land values account for approximately 80% of

the house price appreciation, on average: i.e., land’s share of value has increased substantially 

since 1950 and this generalizes to most countries. We will show that these conclusions are an 

artifact of the land residual model: variation in house value is forced into land value.
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An alternative to the residual land value approach is using vacant land sales. Haughwout

et al. (2008) focus on vacant land in order to come up with estimates of land value for New York

City. Barr et al. (2018) produce a land price index for Manhattan, for the period 1950-2014, 

using vacant land sales. At a more aggregate level, these studies differ from some of the others 

in their focus on New York City, where the sheer magnitude of the size of the city (and the 

associated large number of land parcels) lends itself to analysis based on vacant land sale 

comparables. But one potential drawback of the New York City data is that a high-density 

setting has relatively few vacant parcels. There also can be a sample selection concern 

because those vacant parcels that do sell tend to be in the most desirable locations within the 

city. Albouy et al. (2018) develop the land value estimates for MSAs in the United States, using 

vacant land sales estimates. A similar vacant parcel scarcity concern holds for the Albouy et al. 

(2018) dataset. Where vacant land estimates are available at the MSA level, this approach can 

be feasible, although one potential limitation can be obtaining reliable data on changes in the 

vacant land over time.

One way to potentially circumvent some of the sparse vacant parcel concerns in dense 

settings is to consider teardowns, where the improvement on an existing parcel is destroyed 

and then the parcel is redeveloped. Dye and McMillen (2007) have leveraged data on 

teardowns in Chicago to develop land value estimates. When there are properties that are 

designated to be torn down, one can derive a land value from the sale price of the parcel, net of 

the cost of tearing down the existing structure. While this enables the researcher to enhance the

sample size compared with the scenario of only considering vacant parcels, there is still a 

potential sample selection problem in that the desirable locations (near transit and city centers, 

as found by Dye and McMillen, 2007) may have properties that are more likely to be sold, torn 

down, and ultimately redeveloped.  Helms (2003) considers Chicago neighborhoods between 

1995-2000, using a dataset of all residential renovations during this period. Helms finds that the 

neighborhood characteristics and structure characteristics are the two most important 
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explanatory variables for determining the likelihood of a property being torn down. Munneke and

Womack (2017) find teardowns are concentrated in space and time, as well as further evidence 

that the land on which teardowns are located is the primary motivating factor for buyers of these

types of properties. Dye and McMillen (2007) control for selection bias in their analysis, but the 

form of sample selection is due to their use of teardown permits as proxies for redevelopment, 

which may not always be the only sample selection issue that is present in the data. They use a 

Heckman procedure to estimate a probit model to correct for this sample selection issue and 

then they calculate the land value as the projection of the sale price of the teardown on the 

teardown indicator variable. Their analysis differs from other teardown research in that they use 

the hedonic characteristics of the teardown properties in their estimations. With their model they

include year fixed effects for the years 1996 through 2002, which implies the possibility of 

generating distinct land values for each of these periods through out-of-sample estimations. 

In some sense, the residual land value approach can be thought of as a special case of 

the teardown approach, where the teardown cost is assumed to equal zero. On the other hand, 

the residual land value approach may be more flexible because it can be applied to a broader 

set of properties than those that are merely slated to have their improvements demolished. In 

addition to the larger sample size, the issue of sample selection is less of a concern with the 

residual land value approach. 

The third general method of land valuation is AVMs. There are several strands of 

literature that focus on AVMs. One of these relies on the notion that land value equals the 

difference between house value and the value of structural characteristics. Cohen, Coughlin and

Clapp (2017), and Clapp (2003), employ variants of this approach. Cohen, Coughlin and Clapp 

(2017) focus on sales of single-family homes in Denver Colorado, over an approximately 20-

year period from the 1990s to 2013. Their approach is sometimes referred to as a local 

polynomial regression (LPR) approach, as in Clapp (2003). It relies on the assumption that the 
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entire property value equals the sum of the values of the structural characteristics and the value 

of land.

This AVM literature, as in Cohen, Coughlin and Clapp (2017) and Clapp (2003), relies 

on hedonic house value estimations as one step in generating the land value estimates. One 

potential concern is that this approach uses shadow prices for characteristics, in which case the 

mean of the omitted location variables (as well as mis-specification errors) is forced into the 

constant term. While these techniques are assuming the shadow-prices are average price of 

characteristics, they are really the marginal price. This could lead to biased land value 

estimates. 

The land leverage literature is an important related literature to the residual value 

literature. Land leverage is sometimes referred to as the land use intensity, and it has been 

measured as the ratio of land value to total parcel value, as described by Bourassa et al. (2011).

An important aspect of the land leverage hypothesis is that the riskiness of real estate is an 

increasing function of the ratio of land value to total property value. In addition to Bourassa et al.

(2011), many other land leverage studies use the land residual method to find the land value 

ratio. 

A related AVM approach relies on hedonic regressions of vacant land prices, which 

control for the characteristics of the land. In this regard, Sirmans and Slade (2012) develop a set

of land price indexes for residential, commercial, and industrial properties, and an overall index 

in the U.S., using hedonic models with data on land sales and characteristics in 20 MSAs from 

1990-2009. Nichols et al. (2013) develop indexes for 23 MSAs using the hedonic regression 

approach. They find that in some cities (especially coastal cities and in Nevada), there is much 

more volatility than in other parts of the U.S. This might be due to the fact that vacant land has a

large option value component. Option values are levered by the cost to build (the strike price); 

this implies high volatility -- as the value of the underlying asset (the new structure) changes, the
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value of the option changes at a rate magnified by leverage. Levered volatility in the land market

is like options on stock, which are typically much more volatile than the underlying security. The 

idea that land value can evolve separately from structure is implausible from an options value 

perspective. Bostic (2007), and the entire land leverage literature, derive high volatility from the 

assumption that the structure is valued at the depreciated replacement cost and as such 

evolves separately from land value. 

Several other papers use the land leverage hypothesis. One of these, Davis et al. 

(2017), develop land value estimates for the 18-year period of 2000-2017 in Washington, DC. 

They show that land value volatility was greatest in locations of the city where the land was 

valued lowest in 2000, the opposite of what the land leverage hypothesis would predict. Davis et

al. (2017) note that pre-2006 the land values (relative to house values) rose the most in the 

lowest land value neighborhoods, while between 2006-2012 land values fell the most in those 

same neighborhoods. These low-value neighborhoods also tend to be the neighborhoods with 

the highest minority populations.

Another contribution to the land leverage literature is Bourassa et al. (2011), which 

focuses on single family houses in Switzerland sold between 1978-2008. They rely on hedonic 

models to develop land leverage and land values over time, and they use land ratio estimates to

claim that land leverage is an important determinant of house price changes.

Our option value approach builds on the land residual method, which clearly holds at the

time a new structure is built on vacant land. At that time, the value of the property is the cost of 

the land (including any utilities or other improvements) plus the cost to build the structure. Land 

leverage is measured by the ratio of land value to property value at the time of construction. As 

the structure ages, the land residual method assumes that property value equals land value plus

depreciated cost to build a new structure whereas we develop an important role for 

irreversibility: land plus structure become bundled goods after construction. We will show that 
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irreversibility has important implications for land valuation, even for properties with structures 

that are only 10 or 15 years old.

Theory and Methods

Urban land is approximated by dense development, with existing structures everywhere 

except the urban fringe.  Our theory focuses on the vast majority of urban land which is not at 

the periphery and is not at the point of redevelopment, T *: at T *, the shadow price of vacant 

land has empirical content given by the following additive equation:

P (H )H=P (L ) L+P (S )S (1)

where H  is the quantity of property services produced by combining optimal quantities of

land L and structure S (assuming optimal intensity, S/L); P represents per unit prices as

a function of the variable in parentheses. Note that P (H )H  can be observed as a 

function of sales prices of new houses. Davis and Heathcote (2007), Davis and Palumbo

(2008) and Davis et al. (2017) present a theoretical and empirical analyses of land and 

structure shadow prices P (L ) and P (S ) at T * where these values are given by the 

opportunity cost of bidding resources away from the next best use. Equation (1) is their 

additive model at the redevelopment point (i.e., when the structure is built or rebuilt). 

Equation (1) has deep roots in the Alonso-Muth-Mills (AMM)5 assumption that structures 

are rebuilt to optimal size whenever demand changes. We interpret equation (1) more 

narrowly as holding only for a new structure; it does not necessarily hold after.

5  The AMM assumption derives from the work of Alonso (1964), Muth (1969), and Mills 
(1972).
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The problem is that shadow pricing theory is widely acknowledged to break down as the 

structure ages. Consider the very common case: 0<P (H )H<P (S )S, the cost of building a 

structure at optimal intensity is greater than the market value of land and structure. The option 

to redevelop is out of the money but the property has substantial use value, P (H )H  determined

by its accessibility to other urban land uses. Shadow pricing of the resources needed to build 

the structure does not accurately predict the value of the structure in this case. And it is 

incorrect to think that the value of land is zero in this case because accessibility (location) gives 

value to the existing property, land plus structure. The appraisal concept of “as if vacant” does 

not help predict values of L and S because vacant land is typically limited and at special 

locations. The built environment, given by history, determines values of L and S as explained 

next.

The land residual method deals with the problem of changes over time in demand and 

supply by assuming that structure can be valued at each point in time by subtracting 

depreciation from the cost to build a new structure with the same characteristics as the existing 

structure. That is, it substitutes the depreciated cost of S in equation (1):

P (H )H=P (L ) L+P (S )Sd (2)

where Sd is the depreciated structure cost. Equation (2) formalizes the land residual 

framework illustrated in Figure 1: the value of the existing structure P (S ) Sd decreases 

with depreciation but increases with construction costs which are typically rising over 

time. Rearrange equation (2) to see how the boom-and-bust cycle in house values is 

transferred to land value:

P (L )L=P (H )H− P (S )Sd (3)

Computer Assisted Mass Appraisal (CAMA) procedures for implementing the land 

residual method focus on estimating the depreciated cost new of each structure. We 
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develop steps for this when we discuss data and results.
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Land Value Derived from a Simple Options Model6

Model Framework

Consider a fully built up inner suburban neighborhood with all neighborhoods around it 

fully built up, i.e., no vacant land within the urban area.  Quantities of land, L and structure, S 

are measured in the same units (e.g., square feet). Each unit of housing (stock of housing, H ) 

delivers one unit of services per time period:7

H=aL+bS, given a ,b , L ,S>0 (4)

The ability of structure to produce housing services increases with L and S according to the 

non-negative parameters a ,b. Land will be assumed fixed in our solutions.      

Land share in production=
aL

aL+bS
(5)

Equation (4) avoids a problem with the more typical Cobb-Douglas production function: the 

implausible assumption of constant land share in the technical production process.8 One 

observes flexible substitution in older suburban neighborhoods as well as in commercial real 

estate. Equation (5) delivers a plausible technical rate of substitution between land and structure

in addition to solutions which avoid messy log transformations.

Rent per unit housing services H  – and therefore, value per unit – declines with the amount of 

structure as demonstrated by empirical studies summarized by Munneke and Womack (2015):

6 The model presented here may be compared to one in section 2 of Davis et al. (2019). We 
improve on that model by: 1) including risk – and therefore the option to delay –  in the 
model; 2) our comparison to the land residual model before and after a shock to values; 3) 
substantially simplifying mathematics to improve intuition. The main point of the Davis et al.
(2019) model is to point out that the Davis and Polumbo (2008) land residual model does not
hold for older structures, so research based on that model should be limited to new 
construction. Our model is designed to provide intuition for empirical work on the land value 
ratio.
7 Throughout, parameters are given by lower case letters, variables by upper case.
8 We distinguish the rate of transformation between land and structure in production -- I.e., 
the technical rate of substitution – from the more common elasticity of substitution in a 
profit maximizing framework.
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Rent
H

=p
S−c

L
, given  0<c<1

(6)

Note that p   is rent per unit intensity. The decline of rent per unit structure as structure size is 

increasing with c.

The value of this property, a quantity that might be inferred from observed sales prices is 

obtained by multiplying equations (4) by (6) and dividing by r  to obtain present value:    

P (H )H=( pr )a S−c+( pr )b( S
1−c

L )
(7)

Here, r is the interest rate which is equal to the rate at which rental income is discounted. We 

simplify by assuming that rents and discount rates are unchanged into perpetuity: note that

P (H ) equals capitalized rent per unit housing.

The cost to build a unit of structure is some percentage, k  of the value per unit intensity, and 

total costs increase with the amount of structure:9

Building costs=( pr )k Sd, given 0<k<1 , d>0. (8)

The cost to rebuild relative to the value of the property (land plus structure) increases with k, the

fraction of per unit value required to build a unit of structure. If 0<d<1 then building costs per 

unit structure decline with structure size; this is expected for one- or two-story structures. If d>1,

then our model is relevant to larger structures that require increased structural strength and 

lifting building materials to higher levels (see Eriksen and Orlando, 2019). Moreover, d>1 

provides a simple way of capturing additional costs such as basements and detached garages 

that typically accompany larger houses. The model solution can be simplified with d=1.

As if vacant land value 

9 We ignore demolition costs which are small for residential properties.
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Land value as if vacant, the appraisal definition of urban land value with an existing structure, is 

derived from highest and best use (HBU) which is the structure size S* that will maximize the 

value of vacant land, V : 

V *
=( pr ){aS* (−c )

+b( S
* (1−c )

L )−k S*d
} (9)

Here, asterisks (*) signify optimized values. This is the land residual value at the point of 

reconstruction: i.e., after the existing structure becomes valueless and it has been demolished. 

It is a hypothetical (“as if”) value because it is observed only at the point after the option to tear 

down has been exercised, i.e., after the existing structure is removed. We allow the removal to 

occur for several reasons such as a natural disaster prior to the optimal teardown time.

First and second order conditions for maximization:

V '=−ca S* (− 1−c )
+(1−c )b( S

* (−c )

L )−dk S* (d −1)
=0 (10)

V ' '=c (1+c )a S* (− 2−c )−c (1−c )b ( S
*(−1−c )

L )−d (d−1 ) k S* (d −2 )
<0,

given 0<c<1 ,0<k<1 ,d>0 ,a>0 , b>0.

(11)

Further normalization is obtained from: L=1 , a=1, d=1 which implies a simplified first order 

condition:S(−c )
{−c S(− 1)

+b (1−c ) }−k=0

Land value is only observed at new construction, when equation (1) holds. This is the land value

for all the properties in our hypothetical neighborhood. Other structure amounts (e.g., 

depreciated structures or those not at optimal intensity for historical reasons) do not change 

land value, only structure value.
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If we have a set of parameters such first and second order conditions hold, then what happens 

when we change parameters, given that (10) and (11) must hold after the change?

1. c and d are inversely related; c and k are inversely related.

2. b and d are positively related given k; b and k are positively related given d.

3. If c=1, then the first derivative is negative over all S and there is no solution.

4. If d is too small relative to c, then the cost term will go to zero faster than the structure 

productivity term (1−c )b( S
* (−c )

L )  and there will be no solution.

Numerical solutions: cross sectional solution

Table 1 presents numerical examples with as if vacant land value used to calculate the land 

value ratio: all values are a function of the amount of structure, S, the only characteristic that 

varies across the neighborhood. Structure amounts can differ from the highest and best use 

(HBU, the solution to equations (9)-(11)) for several reasons: 1) they were built at different times

when HBU was different; 2) they were built at non-optimal levels due to personal preferences or 

financial constraints; 3) they were modified by natural disaster; or 4) physical depreciation and 

functional obsolescence. Our solutions can be related to models emphasizing depreciation by 

supposing that all S<S* are due to depreciation (physical wear and increased maintenance 

costs) and obsolescence (to be explained below). 

The locations of all houses are identical and values are observed or anticipated at the present 

time, t=0, so land value is the same for all houses regardless of the amount of depreciation: it 

is given at the HBU structure size, the solution to equation (9)-(11). That is, land value is the 
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property value at S* minus construction costs, the land residual value at S* (74.4 = 254.4 – 180).

This is the simple model equivalent of equation (1). 

When the structure is worthless the “teardown decision rule” discussed by Munneke and 

Womack (2015 and 2017) is relevant: here we ignore demolition costs to simplify the model. In 

Table 1 teardown occurs at structure amount 2 (S=2) in the baseline example. We may 

observe neighborhood land values for S= 1 or 2 because the structure will optimally be rebuilt to

S*: if the property sells after teardown, we observe neighborhood land value which is equal to 

the “as if” land value. Likewise, if the property with a new HBU structure sells and we know 

construction costs, then neighborhood land value can be calculated with the land residual 

method, equation (1).

The cross-sectional equilibrium demonstrates that the land residual method is correct only at S*.

At any other S, it overstates the value of the structure: i.e., the land value ratio estimated by the 

land residual method is too small given the parameters in this example. This is because it 

ignores capital land substitution. If the structure is demolished for any reason the property will 

be rebuilt optimally to S* meaning that the economic value of the land and structure will be 

determined by equations (9–11). The land residual method assumes that the economic value of 

the structure is construction costs less depreciation, which may be different than economic 

values based on optimal land and structure values S* and V *.

The failure of the land residual method to account for economic value is especially problematic 

as structures approach the teardown level of depreciation. Consider a structure size S=4 when 

there is still a substantial structure but nearing teardown: in our numerical solutions the land 

residual method overstates the economic value of the structure by an order of magnitude. The 
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correct land value ratio for this property is .8 whereas the residual method would estimate it at 

only 0.57 (=53.3/93.3).10

Changes in valuation as a function of model parameters

A positive shock to valuation is represented in Table 1 by a decline in the cost of construction.11 

This means that the HBU structure amount and as if vacant land value are increased. Almost all

the increase in valuation is optimally shared between structure and land because optimal 

structure size, S* increases with the positive shock as structure is substituted for land. The land 

value ratio after the shock is 0.28 versus 0.29 before.12

After the unanticipated shock, the economic value of structures declines at every level of S. This

is due to obsolescence, a point also made with simple examples by Longhofer (2018).13  The 

new S*=28 implies a structure value of 252 which is less than the overimproved structure value 

before the shock. The increased land value ratios compared to baseline reflect this 

obsolescence and they are associated with increased redevelopment. All properties with S< 5 

should be demolished and redeveloped to S*= 28.

At this point it may appear that the predictions over time of the land residual model are correct –

in fact, too conservative. For a 10% decline in construction costs, economic land value ratios 

increase by much more than 10%; e.g., from 0.29 to 0.38 at S=18 versus 0.29 to 0.36 for the 

10 These calculations are special to the simple numerical example. The general conclusion is 
that land residual methods are incorrect except for new HBU properties: see the discussion 
in Appendix 1.
11 Equivalently, this could be modeled with constant construction costs and a 10% shock to 
rents, equation (6).
12 A common misperception is that the land value ratio increases when the value of vacant 
land increases. A related misperception is that the ratio increases when vacant land 
appreciates faster than property values. Comparing the ratio before and after the positive 
shock (Table 1) demonstrates that capital land substitution invalidates any such 
generalizations.
13 Obsolescence is defined by a change in HBU structure and property value to distinguish it 
from physical depreciation which is higher maintenance costs and wear that is too costly to 
repair. Another form of obsolescence is due to changes in tastes and technology such as 
improvements in electrical wiring.
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residual method. This conclusion is incorrect because the calculations are cross-sectional: there

is no model of the risk of changes over time. This motivates our use of an options model of risk.

Variations over time from an options model of risk 

An option provides an instrument for controlling the risk of change over time. In Table 1, option 

value is introduced in a highly simplified way by assuming that there is some probability of a 

shock to construction costs, k expected at time t=0 when HBU is S*=22.14 To keep the options 

model simple, assume that there will be no change or that the change will be k declines to 0.45, 

i.e., the change in k discussed above is now reinterpreted; it is anticipated with probability equal 

to 0.5 in Table 1.

The last column of Table 1 illustrates the land value ratio that will hold with the option valuation 

of random shocks. Because the option model anticipates the possibility of the shock, the fact 

that it occurs does not influence valuation for most properties. The value of the option is added 

to baseline land value at t=0 (before the shock). The amount of value added is negligible for S>8

because these properties are far from tear down, meaning that they have little option value.15 

The probability of a shock of 10% at t=0 is not relevant to most structures, only to those near 

teardown. Whether or not the shock occurs is not relevant either: randomness has already been

considered in the option component of land value.

Consider a boom or a bust market. The land residual model allocates all changes to land value 

for given construction costs and for a structure with a known amount of depreciation. Options 

14 This formulation avoids discounting or any expectation about the time T in equation (4) 
since the shock occurs at t=0 or not at all.
15 The percentage of option value added as a function of deviations from the teardown point 
is based on the highly nonlinear theoretical prediction in Clapp, Jou and Lee (2012) and on 
empirical results in Clapp and Salavei (2010) and in Munneke and Womack (2017). The 
simple model would be excessively complicated by any attempt to formally model these 
percentages.
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models (full models such as equations (4) and (5) in Appendix 1) contain expectations for 

changes in values over time and for the risk that these values will be shocked: these are drift 

and variance model parameters. Any change from year-to-year will have been modeled, so it 

will have limited effects on land values. 

In this general case, the ratio between the value of the redeveloped property and the cost to 

build (the teardown ratio) determines the amount of option value. With upward trending prices, 

this ratio gets larger and obsolescence increases for properties near teardown until the existing 

structure has no value.16 Empirical evidence presented by Munneke and Womack (2017) for 

Miami Florida in the years 1999–2002 shows that only about 38% of sales had any option value,

and much of this was concentrated in the top decile of the teardown ratio.17 This implies that, 

except for less than 10% of properties, the land residual model gives incorrect predictions about

the evolution of land value over time (and for properties beyond a certain age, practitioners tend

not to rely on the land residual approach, despite its prevalence among academics).18

Application of the simple option valuation model requires measuring property values and

economic structure values; the latter are a function of HBU land and HBU structure value in the 

neighborhood, adjusted for depreciation and obsolescence.  Here we outline some practical 

methods for implementing structure and land valuation:

16 Longhofer and Redfearn (2015) and Longhofer (2018) have developed models of incurable 
obsolescence, a form of depreciation that does not respond to normal maintenance and 
replacement expenditures. One form of obsolescence is an increase in neighborhood value that 
makes the existing structure too small: new construction would occur at much higher intensity. 
We think that these ideas are correct but of secondary importance for our purposes.
17 They carefully compare these estimates to other studies, establishing generality. They 
further examine the relationship between renovations and teardowns, showing that the 
likelihood of renovation declines substantially in the top decile of the teardown ratio, a 
finding consistent with endogenous maintenance decisions. Both renovations and teardowns
are highly concentrated spatially but renovations (teardowns) increase more strongly with 
structure size (lot area).
18 In a falling market, option value (a value leveraged by the cost to build and the cost of 
sacrificing the existing structure) diminishes rapidly. The land value ratios for properties far 
from teardown will stay constant whereas the land residual theory implies a symmetrical 
response of land values to changes in property values, as suggested by Figure 1.
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 Appraisers and tax assessors need to go back to a time when the subject 

property, or similar properties in the same or similar neighborhoods, were newly 

constructed. These comparable sales measure the land ratio applicable to houses near 

the HBU condition. Ahlfeldt and McMillen (2020) show how this is done with sales of the 

land followed within a few years by sales of the land plus structure.

 Since most owners maintain their property in nearly their original condition, 

economic depreciation is a function of obsolescence. For example, the house is 

significantly smaller than HBU, with wiring and plumbing that would be too costly to 

change to HBU standards. Empirical methods for estimating the amount of depreciation 

in these houses - i.e., how much the potential for teardown influences property value – 

have been developed by Clapp and Salavei (2010), Dye and McMillen (2007) and 

Munneke and Womack (2015 & 2017). These methods can be adapted to estimating 

land value ratios that are significantly higher than those for the HBU property.19

 In strongly rising markets with teardown and redevelopment or major 

renovation the land ratios for structures near teardown need to be adjusted upward 

towards one. These teardown markets are located at isolated points in time and space: 

i.e., not representative of most markets. 

 Once land value ratios have been established cross-sectionally, they will be 

approximately constant until the market experiences substantial appreciation or change 

in risk. In a typical market (rising, stable or mildly declining house prices) the land value 

ratio can be increased from the new construction date to the present time using an 

estimate of depreciation as we will demonstrate with our empirical analysis.

 The land residual model, equations (2) and (3), incorrectly predicts that 

almost all the price changes in typical markets are due to land value as we demonstrate 
19 We suggest a three-bucket approach: 1. use the HBU ratio for the one-third or more of 
properties with little obsolescence; 2. Use a high ratio as suggested by techniques in 
Munneke and Womack (2017) for properties near teardown (about 35% in their sample); 3. 
use a ratio in-between these two extremes for the remainder.
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by Figures 1 and 2 and in Table 1: changes in construction costs and depreciation are 

the only determinants of structure value, and this can differ substantially from economic 

structure value. This problem with the land residual method calls into question some of 

the claims of the land leverage literature that predicts much more risk over time in rising 

markets due to increased land shares. We will show that this problem is present even 

over the first 10 or 15 years of structure life.

Estimation Methods for Depreciated Cost of New Construction

The land residual method estimates structure value as equal to the cost to build the structure at 

the time of the sale less depreciation (i.e., depreciated cost new, also called herein “replace 

cost”). Our objective is to replicate the steps taken by a cost appraiser, but to do so for tens of 

thousands of properties. We cannot visit each property, but we can use detailed information 

provided by the Maricopa assessor to approximate much of the information used by 

professionals to estimate “replace cost”.

To implement cost estimates we adapt information in the Marshall Valuation Service Cost 

Estimation Manual (8/2018 with supplements on 1/2019) to the Maricopa data. We use a per 

square foot (“unit in place”) method to calculate costs whereas Eriksen and Orlando (2019) use 

the costs of labor and materials inputs. This reflects different research objectives: they focus on 

factors contributing to changes in marginal cost of supplying rental housing as a function of 

number of floors whereas we estimate the total cost of SFR structures with no more than three 

floors. We follow their example of meticulous consideration of various influences on cost.

We begin with base costs per square foot for class D, masonry veneer single family residential 

construction. These psf costs decline with total square footage and vary depending on 

construction quality. The Maricopa assessor provides a variable (“r_iclass”, which we define as 

“construction quality” in Table 3) for construction quality. We tested this variable, described in 
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more detail in the empirical section, extensively and found that it provided a good fit to the data. 

We note that differences between class D and C, and between masonry veneer and other 

veneer typically amount to 2 to 7% of costs once construction quality is controlled, so we do not 

think our decision here, or our choice of rectangular or slightly irregular structure shape, grossly 

distort our cost estimates.

Using methods from the cost manual, we modified base numbers for two or more stories, and 

added for a swimming pool (about 60% of our SFR sales), square footage in a finished 

basement (infrequent in Phoenix), additional square footage such as a granny flat or guest 

house, square footage in an attached or detached garage and for sports courts (infrequent). We

added estimates for the cost of appliances but made no adjustment for HVAC because the base

numbers in the manual include HVAC costs for moderate climates. We used cost multipliers 

specific to Phoenix and we use yearly estimates of Phoenix cost changes for class D 

construction to adjust costs from 8/2018 to the year of sale.20

Our estimates for depreciation use tables in the cost manual modified by results from our SFR 

hedonic regression for each market area. Like Geltner et al. (2018), we find fairly rapid 

depreciation in market value (roughly 1% per year) for the first 10 years of structure life, with the

rate of change in depreciation gradually flattening for older structures up to about 50 years.

Other studies in the land residual literature have used a variety of approaches for calculating 

construction costs. For instance, Bourassa et al. (2011) calculate the construction cost as the 

product of the volume of the structure and the construction cost per cubic meter. This is quite 

different than the Davis et al. (2019), who use cost appraisals submitted to Fannie Mae and 

Freddie Mac between 2012-2018 in Uniform Residential Appraisal Reports. As far as we know, 

20 This is done before estimating depreciation. For the Phoenix Cost Index presented in Figure 1, we had 
Phoenix data for July of each year back to 2009. Prior to that we used the US Western District Cost 
Index.
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the quality of these appraisals has not been tested, but appraisers generally consider costs 

more reliable for new structures. Appraisal reports are not typically available for houses that do 

not sell, restricting out-of-sample valuation. In our analysis, we use much more detailed 

information, even more than a typical hedonic regression, and our cost estimates are available 

out-of-sample.

The Data

The focus of the empirical section of this paper is on Market 5 in Maricopa County, AZ, for 

properties that sold post-2011 during a recovery period when the economy experienced a 

positive shock to demand.21 The geographic boundaries of Market 5 (Figure 3) are defined by 

the Maricopa County assessor to include sales of higher priced single-family homes (SFR), 

averaging $504,517 compared to a Maricopa County overall mean sale price of $253,028. As 

discussed above, we selected Market 5 because it contains active markets for vacant land and 

new home sales as well as single family residential properties. This allows us to compare the 

three general methods for land valuation to our option value method. Our choice of market 5 

favors the land residual method because new construction can be substituted for teardowns in 

most of the market.

Figure 3 shows a map of Maricopa County, and demonstrates that Market 5 is linked to 

downtown Phoenix by major roads. A typical Market 5 location has a 10-15-mile drive to the 

downtown area, 10-15 minutes in average traffic according to Google maps. Figure 4 shows 

neighborhoods (as defined by the Maricopa County assessor) in Market 5. It is noteworthy that 

there is a grid pattern of streets, as well as many golf courses, schools, mountains and water 

amenities. After examining Google Maps it is apparent that the areas where there are no 

transactions are often locations with mountains, parks, and golf courses offering amenities to 

21 The options value model presented above implies asymmetrical responses to positive and 
negative shocks because option values are highly nonlinear. Analysis of the bust period, 
2007-2011 is beyond the scope of this paper.
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bordering residential areas. Market 5 clearly benefits by ease of access to amenities as well as 

access to downtown.

Using a GIS we add layers of data on distances to downtown and to roads by type of road, 

schools, parks and water bodies. Most houses are within 1.4 miles of a primary road; the mean 

of 0.92 miles indicates a substantial majority closer than one mile. Distances to secondary 

roads, parks and water show substantial variation. Using an overlay of topographical maps, we 

add a dummy variable (high elevation dummy) which has values of 1 for high elevation 

locations, otherwise zero. About 5% of Market 5 houses are at high elevations, whereas many 

Maricopa County markets have no houses at high elevation. 

A data filtering process was applied to the entire dataset for Maricopa County, to yield the final 

data that we use in our analysis. To mitigate possible confounding factors from the financial 

crisis and obtain conservative estimates of the relevance of option values, we focus on the sale 

years for the period 2012-2018. The filtering process is described in Table 2.

In Table 2, SFR structures in Market 5 average about 31 years old, with 25% being greater than

38 years at the time of sale (2012–2018).

Over two-thirds of sales have a swimming pool, an important amenity in the warm, dry climate. 

Market 5 does not have many golf communities (about 15%). Locations on cul-de-sacs and 

greenbelts are desirable amenities available for a small percentage of sales.

Table 4 indicates a great deal of variation in structure size (improved area), with the average 

around 2,400 sf. Most are single story or split-level ranch houses as indicated by the first-floor 

area (not shown in Table 4), which in many cases is the same as total square footage, which in 

many cases is the same as total square footage. 

We applied the cost approach described above to value each SFR structure: the result is the 

“replace cost” variable. This variable starts with the characteristics of each SFR sale and 
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estimates the cost to build a new structure with the same characteristics in the year of sale 

(“sale year”), then subtracts an estimate of depreciation to arrive at the depreciated cost of a 

new structure, the estimate of structure value according to the land residual method. Because 

Market 5 has thousands of sales of vacant land and new construction, older housing must 

compete with newer. A buyer considering an older house will be able to compare prices, 

location and characteristics to those of a newer house, or buy vacant land and buy a custom-

built house. We expect significant substitution between new construction and older existing 

houses. This is important: we do not expect dramatic differences among the land valuation 

methods in Market 5. Any differences we do find will illustrate conservative differences, i.e., that 

should be accentuated in markets with limited substitution between new construction and older 

properties.

Market 5 is useful for comparing valuation methods because there are substantial differences in 

locations of SFR, vacant land and new construction within Market 5. Table 5 shows number of 

transactions by each of the 28 neighborhoods with boundaries defined by the Maricopa County 

assessor. Table 5 shows that there are at least 125 SFR sales in each neighborhood and at 

least one vacant or new construction sale except for 5015 which has no vacant sales but an 

active new construction market. A handful of neighborhoods have less than 10 transactions in 

vacant land and in new construction: a buyer wanting to locate in those neighborhoods would 

have little alternative to an older SFR.

Table 6 characterizes neighborhoods using the ratio of vacant and new construction sales to all 

SFR sales, where we define new construction as structures less than 16 years old at the time of

sale. Clearly many neighborhoods have substantial vacant and/or new construction options for 

buyers. Neighborhoods with active vacant land and new construction are likely to have 

substantial tract development. In these, the value of land at the point of construction, but not 

necessarily over the ensuing 15 years, should be well-measured by the land residual method.  
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The eight neighborhoods without a lot of alternative to existing SFR should have most land 

values determined by irreversibility.

An alternative to the choice between new and existing SFR is to buy a property (typically a 

small, old house), tear it down and rebuild. The Maricopa County assessor has identified 75 

sales for teardown (Table 7).  More than half the teardowns are in two neighborhoods, 5004 and

5005, and almost all of the teardown sales took place in 3 years, 2016-2018. Moreover, the 

median teardown prices are high compared to the sales of all SFR (see Table 4). 

The teardown numbers in Table 7 are highly consistent with the option exercise as predicted by 

real options theory. Options are exercised at the high contact point, where the price of a newly 

constructed house at that location (i.e., the price of the underlying asset) has risen permanently 

to a level that triggers options exercise. The high-contact point must be high enough to justify 

sacrificing the value of the option which is extinguished after exercise and the value of the 

existing structure, plus teardown and new construction costs. Ben Bernanke famously described

the requirement of a permanently (as believed by the option holder) high price with the regret 

principle: the person exercising wants some assurance that she will not regret the decision if 

there is a negative shock to the market. (Note that the prices of teardowns in neighborhoods 

5004 and 5005, shown in Table 7, are substantially higher than vacant land in Appendix 2.) This

is because the high contact point is far above the NPV=0 point. In the housing market this 

implies that option exercise is highly concentrated in time and space, and this is the case in 

Market 5 (Table 7). This characteristic of option exercise has been documented in other markets

by Dye and McMillen (2007) and by Munneke and Womack (2017).

Regression Results and Land Ratios Over Time

Table 8 presents hedonic regression coefficients starting with a baseline hedonic valuation 

model where the dependent variable is SFR sales prices, model (1). Land residual estimates of 
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land values are the dependent variables for models (2) and (3); models (4)- (7) are designed to 

test the land residual model by regressing sales prices on various combinations of land residual 

variables and hedonic variables. Model (5) includes all the variables in any of the other models: 

I.e., it is the unrestricted model which nests models (1), (4), (6) and (7). We chose to estimate 

models linear in improved area and structure age because nonlinear regressions (not shown) 

support the linear restriction and results are easier to interpret.22 We estimate models in levels 

because the land residual model is additive in levels, not logs, and some land residual values 

are negative. We enter land square feet linearly and as a square root to account for ”excess 

acreage”; the value of a building lot per square foot declines if lot size is above the amount 

needed to build with a normal yard. The square root specification performed well when tested 

against nonlinear specifications.

All coefficients in the baseline hedonic model (1) have the expected signs. Larger interior

area increases structure value at the rate of $122,400 for each additional thousand square feet 

of floor area: note that sales prices are in hundreds of thousands of dollars and interior area is in

thousands of square feet. Property age has the expected negative sign with value decreasing at

the rate of $4,300 per year from a base in 2012 of $407,400. The presence of a pool adds about

5% to value and construction quality increases value at an increasing rate. Recall from Table 4, 

that the vast majority of structures have an average quality rating of 4. Properties with an 

average rating are not worth significantly more than the nearly 5,000 properties with rating of 3. 

Taken together, these sales form a base value typical of market 5: higher quality ratings are 

exceptional with quality rating 6 (only 302 sales) worth nearly $200,000 more than average. We 

conclude that the market validates assessor construction quality estimates. This is important 

because construction quality figured prominently in our estimates (based on cost manuals) of 

the cost to rebuild structures. In models (2) and (3) the dependent variables are land residual 

22 Shifting these two variables with quintile dummies (not shown) does not substantially 
increase R2 and estimated values suggest a roughly linear relationship.
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values: i.e., estimates from equation (3), sales price minus depreciated construction costs. 

Model (2) explains land values with all the location variables in our dataset, providing estimated 

(“hat”) values for models (4) and (5); in addition, model (2) is used for out-of-sample analysis. 

Significant coefficients in model (2) are the same signs as coefficients in model (1), and 

magnitudes are similar except for a few of the distance variables and the lot area variables. This

means that the land residual method is capturing many of the characteristics of land value that 

are relevant to market pricing, but with somewhat different weights on several characteristics. 

The square root of lot size has a much larger coefficient in model (2) compared to model (1) but 

marginal valuations are virtually identical for the two models, ranging from $14 per square foot 

to $4 per square foot over a relevant range of lot sizes (6,000 to 27,000 square feet).

Structural characteristics are included in model (3) to examine their relationship with land 

residuals. Land residual theory would predict that land and structure are two separate 

components of property value with structure properly valued by depreciated construction costs. 

If this were the case, then we would expect zero coefficients on structure size unless our 

construction cost estimates were incorrect, or structure is substituted for land. The near-zero 

coefficients on construction quality and pool dummies suggest that the market values these 

factors in about the same way as we included them in construction costs: i.e., the land residual 

model and our cost estimates are jointly supported.

Interpretation of the large positive coefficient on interior area and the $27,000 reduction in land 

value per year of age is difficult. The signs of these two variables are opposite those that might 

follow from a purely mechanical relationship: more square footage (higher age) adds to 

(subtracts from) estimates of structure cost, meaning that they have the opposite mechanical 

influence on land residual values which are estimated using equation (3). It is highly unlikely that

we underestimated the influence of size and age enough to account for the signs observed in 

model (3) because the cost manual provided for large influence of these variables. We conclude
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that these two large, significant coefficients provide evidence of a problem with the land residual

method: for a typical property in the rising market studied, marginal structure value per square 

foot is undervalued and the amount of structure depreciation per year of age is greater than the 

cost method would indicate. These marginal effects are consistent with option value theory and 

with the simple example of option value in a rising market, Table 1A. 

Model (4) tests the additive separability assumption of the land residual model. If the 

assumptions are correct, and structure costs correctly estimated then the two should add up to 

the predicted sales price. Instead, marginal land residual values are overestimated by about 

$9,200 per thousand dollars increase in the land residual, and structure values are 

underestimated by $26,100. For large houses with cost estimates in the $300,000 to $400,000 

range these results can be interpreted to mean that the market value is roughly $100,000 higher

than the cost estimate. It may be objected that the discrepancy is due to errors in our cost 

estimates, but as pointed out above, this is a problem common to all land residual models, and 

we have a much more detailed and plausible method for estimating structure cost than the 

previous literature. 

Model (5) is the unrestricted model which contains all explanatory variables in any other model. 

It is included to provide for nested tests of differences in model fit. Model (5) double counts the 

effects of many variables. This results in a negative sign on lot size because land residuals 

already account for lot size. 

Models (6) and (7) are hedonic models supplemented with depreciated structure cost estimates.

Our estimate based on a cost manual includes many variables that are not in the hedonic. We 

estimate the cost of a finished basement, a garage (attached or detached), additional square 

footage (e.g., outbuildings) and sports courts (costs vary with size). Also, cost of a second story 

is estimated separately from the first story. Therefore, we expect structure costs to add 
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information to the hedonic variables, and we find that the R-squared is higher than the baseline 

hedonic. Model (7) is the same as (6) except that structural characteristics are omitted. 

Consistent with model (4), replacement cost substantially underestimates the marginal 

economic value of the structure.

Evaluation of alternatives to the simple land residual model

This section evaluates nested models in and out of sample in order to determine if alternatives 

to the land residual model add explanatory and predictive power to the baseline hedonic.

We use RMSE (last line of Table 8) to compare in sample because the R-squares for models (2)

and (3) are not comparable to the other models whereas all RMSEs are calculated based on the

variance of sales price compared to predictions of sales price given parameter restrictions.23

Not surprisingly, the lowest RMSE is the unrestricted model (5) in which other models are 

nested. A likelihood ratio test on model (1) versus (5) produces a strongly significant chi-

squared statistic, 717 (p-value = 0.0000): I.e., the addition of the land residual variables adds 

explanatory power. Similar comparison of models (5) and (6) shows that only one of the two 

land residual variables, construction costs is needed as an addition to the baseline hedonic: 

there is no chi-squared value because the two models differ only by the redundancy of the land 

residual variable.

Importantly, the land residual model standard in the literature, model (4), performs poorly in-

sample. The additive separability restrictions it requires produce a very large chi-squared 

statistic, 2,461 (p-value = 0.0000). A particularly interesting comparison is model (6) vs model 

(3) which differ by the restriction of the parameter on depreciated cost to equal one in model (3).

The RMSE for model (3) is .002 higher than model (6), chi-square = 100.41, significant at less 

than the 1% level.

23 RMSE‘s are estimated with STATA’s constrained regression module, cnsreg.
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Table 9, panel A replicates all these in-sample tests using a leave-one-out framework; results 

are consistent. We conclude that the additive separability restrictions imposed by the land 

residual model are not supported by the data. But the addition of structure replacement costs to 

the standard hedonic model produces the best results in and out of sample. This supports our 

very detailed use of a cost manual to estimate construction costs, and it shows that construction

costs are valued in the housing market.

Are model results consistent with predictions from option value and land residual theories?

Table 9 adds variables to Table 8 models in order to test the option value and land residual 

theories. The simple model discussed above says that, in a rising market, structure value 

declines towards zero for small old structures. The model shows that the economic value of 

these small old structures is substantially less than predicted by land residual methods: see the 

numerical example in Table 1.

Table 9, panel B tests this by adding a dummy variable for small old structures interacted with 

the relevant valuation variable from each model. As predicted by option value theory, the 

marginal value of interior square footage is reduced dramatically for these structures, from 

$1,258 for an additional thousand square feet to $633, a 50% value reduction. Panel C interacts

the small old dummy with one for the moderate to high option value neighborhoods identified in 

table xx. The result is a larger reduction in valuation to $588, as implied by theory. The large 

additions to the constant term (1.245 and 1.388) can be interpreted as higher land valuation for 

these properties.24

The interactions of small-old dummies with “replace cost” in models (4) - (7), panels B and C, all

strongly confirm the predictions of option value theory given that house prices are increasing in 

24 All dollar values mentioned here are partial marginal valuations after controlling all the other hedonic 
characteristics. For example, the $1,258 cannot be interpreted as total property value per square foot.
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the market.25 The decrease in marginal valuation of additional cost for small old houses is 

between 25% and 67% of the valuation for other houses. Larger decreases in absolute dollars 

and as a percentage are observed for small old houses in moderate to high option value 

neighborhoods, panel C.

We tested nonlinear models similar to those in panels B and C. When interior area and replace 

cost variables were included as quadratics, conclusions are similar, but interpretation is 

obscured by the squared variables. When quantile dummies (an approach to allow for 

nonlinearities) are substituted for property age, interior area and replace cost, most of the 

significance of the small-old dummy goes away. This is not surprising since lack of significance 

means that quantiles on age and structure size or cost capture the effect predicted by the 

model: interaction terms are not required. Changes over time in land values and land shares

Panel A of table 10 presents changes in price indices from 2012 - 2018 for models (1) and (2), 

Table 8 and for a third model using “replace cost” as the dependent variable. The increase in 

construction costs (model (3)) is the rate of increase from the cost manual we used, weighted by

the ages and sizes of structures in our market 5 sample.

Two problems with the land residual method are apparent in Table 10. First, land shares appear

very high when compared to shares of around 20% in Ahlfeldt and McMillen (2020). This is due 

to the undervaluation of structures in a rising market which increases the economic value of 

both structure and land, whereas the land residual method applies a depreciation rate to 

construction costs. Table 8 provided evidence for this with the 1.26 coefficient on construction 

costs, model (4). If we increase structure cost in panel A by 26% then we get a more plausible 

land share of 36%.

25 Interpretation of the interaction term in models (2) is that the level of land value is lower for properties 
with small old houses because there is little structure left. This is obscured by the inclusion of many land 
characteristics in the regression, with all coefficients adjusting to the dummy for sales of small-old 
properties. Turning to model (3) it is a constrained version of model (6), so interpretation of interactions 
should be focused on model (6).

36



The second problem is the very high rate of increase in land share, from 49.1% to 60.7%, an 

increase of nearly 24% in only six years. The 78% increase in land values follows from the slow 

growth in depreciated construction costs (11.3%) when subtracted from rapidly increasing 

house prices (up by 47.3%). The land residual model does little to constrain the increase in land

share in a market with increasing house prices as illustrated over a longer time in Figure 1.

Land value shares over time: option value compared to land residual assumptions 

Our alternative strategy for constructing table 10 panel B is to first classify neighborhoods 

according to the amount of option value and then to use option value concepts based on 

equations (4) and (5) to estimate land value ratios and evolution of ratios over time for each 

neighborhood type. Our strategy is motivated by our objective of showing that application of 

option value concepts to land valuation might produce land value ratios dramatically different 

than the land residual method, even in market #5 which has a lot of new construction and large 

numbers of vacant land sales that can be substituted for existing housing.

Using results in Tables 6 and 7, we identified four types of neighborhoods:

1. Neighborhoods with high concentrations of teardown sales in 2016-2018. Table 7 which 

shows that the 75 teardown sales are concentrated in the last 3 years of the time period 

and that options exercise is concentrated in neighborhoods 5003, 5004 and 5005. These

three neighborhoods are classified as in neighborhood type (A). Note that this 

concentration of options exercise in time and space is as predicted by option value 

theory, where the high contact point holds when expected future implicit rental income is 

unusually high (See Helms, 2003; Munneke and Womak 2017). For this category, we 

assume that land values evolve based on the evolution of vacant land prices divided by 

prices of existing SFR properties from the baseline hedonic model.
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2. Neighborhoods that are characterized by tract development or a high percentage of new 

construction sales. There are 14 neighborhoods in this category, neighborhood type (B). 

We assume no option value in these neighborhoods: for comparison we assume that 

land shares evolve as predicted by the land residual model, table 10 panel A.

3. Neighborhoods with high vacant land percentages but not high rates of new 

construction. There are 3 neighborhoods in this category. Their codes are 5008, 5022 

and 5028. We exclude these neighborhoods from our option value analysis since many 

vacant properties have not reached the point of option exercise. Including them does not

substantially influence our conclusions.

4. Neighborhoods with high percentages of existing housing sales: i.e., neighborhoods that 

do not fall into any of the above categories. There are 8 neighborhoods in this category, 

neighborhood type (C), completing an exhaustive classification of the 28 neighborhoods.

Option value theory predicts that land shares are increasing slowly due to annual 

structure depreciation in this category. Construction costs are not a factor for this type of 

property as indicated by Table 1 and the above discussion of theory.

To finish implementing our strategy, we obtain land value ratios in 2012 based on land residual 

theory using median prices for land and new houses for each neighborhood type. We think 

these ratios are too high because residual assumptions undervalue most existing structures 

through the assumption that structure and land evolve independently and by ignoring capital 

land substitution. Ahlfeldt and McMillen (2020) use sales of lots linked to subsequent sales of 

new SFR properties to arrive at much lower ratios. Nevertheless, we use land residual theory for

initial ratios because our focus is on changes over time in these ratios, not their level.

Option value theory says that each property starts with a ratio given by the land residual 

method. Over subsequent years this ratio increases slowly until depreciation and, more 

38



importantly, functional obsolescence increases the ratio toward one; a ratio = 1 is achieved at 

the high contact point when it becomes economically feasible to tear down and rebuild to 

highest and best use. We increase land values in type A neighborhoods at the rate of vacant 

land price changes and divide by change in prices for new houses (less than 16 years old). The 

median land value ratio in 2012 is 0.73 compared to 0.52 or 0.53 for the tract development and 

existing SFR categories. This validates the classification that we used.

Results show that share for neighborhood type (A) increased by about 11% over six years 

compared to nearly 24% under land residual assumptions. There is more variability in 

neighborhood type (A), consistent with the evolution of vacant land prices in Figure 2. The 

neighborhoods classified as existing with little option value, neighborhood type (C), have low 

growth in the land ratio due to depreciation only, as required by option value theory.26  This 2% 

growth in land shares is dramatically less than 24% for neighborhoods where we use the land 

residual assumptions. Neighborhood type C represents the vast majority of urban 

neighborhoods which have aging housing and little new construction or redevelopment, 

suggesting that the 2% to 24% comparison represents a general pattern in markets with 

increasing house prices. These large differences over only six years suggest that the hockey 

stick pattern over time found by Knoll et al. (2017) is largely an artifact of land residual 

assumptions.

Generalization to the U.S.: FHFA land residual estimates of land share over time

The last column of Table 10, panel B presents land share data from the FHFA (Davis et al., 

2019), a study that provides similar information for numerous MSAs representing a large share 

of the U.S. housing market.27  They apply the land residual method only to structures built within

26 Our data support depreciation of about 1% per year for the first 6 years after construction, amounts 
consistent with findings in Geltner et al. (2018). Since we assume that structure is only 27% of property 
value in 2012, depreciation does not have a big effect on our analysis.
27 Why are the FHFA land values and shares so much smaller than our estimates for neighborhood type 
(B), .26 vs .49 in 2012, given that both use the land residual method? We think this might be explained by
FHFA’s use of appraised values which in turn are anchored to assessed values. We know that the 

39



10 years of sale, reasoning that these new properties should follow the land residual theory. But

we find that FHA land shares increase even more rapidly than in neighborhoods with a lot of 

new construction, 27% vs 24%. Option value theory says that the problem with FHFA numbers 

is that they do not allow new structure values to increase with property values over the first 10 

years, and they do not allow for building larger houses as land becomes more expensive 

(capital land substitution).

It may be objected that this conclusion follows from our assumption that land ratios in the 8 

neighborhoods dominated by older existing SFR are constant except for depreciation, and the 

heavy weight we give to the number of houses in these neighborhoods.28 The objection is 

correct, but is it an objection or just a comment? The assumption reflects the reality of 

irreversibility – land and structure are a bundled good – and the weight reflects a reality of the 

built environment in most urban areas. Moreover, we have provided considerable empirical 

support for the assumption in Figure 2, the temporal and spatial clustering of market 5 

transactions in Tables 5 through 7 and the coefficients in Tables 8 and 9. Most importantly, we 

began with a simple thought experiment: what typically happens to urban structure and land 

values when the only change within a fully built-up neighborhood is an unexpected, permanent 

shock to demand? Land residual assumptions do not provide a plausible answer when the value

of a large structure is compared to the otherwise identical small structure.

Do we contradict ourselves with our theory which nests the land residual equation (1) within 

option value theory, but then presenting evidence that land residuals give incorrect patterns 

over time even for houses built within 10 or 15 years of sale? No, because land residual holds at

the moment of construction, not after changes such as the boom in house prices in Maricopa 

county, 2012-2018. To correctly apply option value theory, the analyst needs construction costs 

Maricopa assessor values land at exactly 20% of property value for over 98% of all properties.
28 Substitution of structure for land is accommodated here with higher rates of obsolescence 
(a form of depreciation). Assuming somewhat higher depreciation does not change the 
conclusions put forth here.
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for each property at the time it was built. The resulting land value ratio changes over time as 

predicted by irreversibility, not with the ratio of other newly built properties in the neighborhood: 

land and structure function as a bundled good after construction whereas land residual theory 

severs the connection between land value and the structure that provides the source of value to 

land.

Summary, Conclusions and Directions for Research

Most of the existing literature on urban land valuation uses the residual model which assumes 

that structures can be valued by the cost to build less depreciation which depends on structure 

age. Land value is estimated as property value less the depreciated cost of new structures. This

“depreciated cost new” method is widely applied by real estate appraisers, scholars and for 

valuing land for national accounts. The key assumption of the land residual method is that 

structures are easily replaced, so their value is the cost of construction, i.e., the dollar amount 

required to bid resources away from other uses of the land, materials and labor required for new

construction, less depreciation. 

In contrast, option value theory assumes irreversibility: after construction land and structure 

trade as a bundled good for an extended period of time.29 Under most market conditions, 

change in the relationship between land and structure stems from the slow process of structural 

depreciation which gradually increases the land value ratio (land value divided by total property 

value) at the individual property level. Any shocks to property value are shared between land 

and structure according to the slowly changing land ratio, whereas the land residual theory 

assumes that almost all the shock is transferred to land value.

29 Alternatively, one might say that land and structures are ”effectively inseparable”
since given a large enough positive shock, theoretically even relatively new 
structures could be torn down.
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We develop a theoretical model that includes risk – and therefore a delay option – and compare 

our model to the land residual model before and after a shock to land values. We incorporate 

both spatial and time dimensions to generate some intuition for our nested empirical analyses. 

The land residual method, as applied to newly constructed properties, is a special case of the 

option value method: it correctly estimates land value at the time of redevelopment, when the 

existing structure is worthless because it is about to be demolished. 

We apply the two methods to Maricopa County sales in one large submarket, Market 5, with 

boundaries defined by the tax assessor to identify a distinct submarket. Market 5 has expensive 

homes on average with substantial variation over the 28 neighborhoods within the market. It 

was chosen because it contains large numbers of vacant land sales and new construction within

our sample period, 2012-2018 as well as a significant share of the (few) teardown sales within 

Maricopa County. These characteristics weight our results in favor of the land residual method 

because older properties must compete with new construction, where vacant land is subdivided 

and new structures are built using resources with shadow prices determined as required by the 

land residual model. One way to acquire well-located vacant land would be to teardown existing 

structures, the point in the option valuation model where structure is worthless, and the land 

residual model holds. 

Our application of the land residual method employs detailed construction cost and depreciation

estimates based on valuation manuals used by appraisers and assessors to value structures. 

lLnd value is estimated as sale price minus depreciated construction costs (“replace costs”). 

The key step is our estimate of the “replace cost” to build every structure in our SFR sales 

database, 24,250 properties. 

Our regression models are estimated for a boom period (2012-2018) chosen to correspond to 

the positive demand shock in our theoretical model. Nested models include a baseline hedonic 

model and a land residual model. Significant coefficients on replacement costs suggest that the 
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marginal economic value of a typical structure in market 5 is substantially greater than 

replacement cost as predicted by the option model. Similarly, marginal land values estimated by

the land residual method are overvalued. These marginal effects imply an option value theory 

approach is validated, as well as providing support for our specific simple model of option value 

in a rising market. 

We also show that land shares for high option value neighborhoods increased by about 11% 

over six years compared to nearly 24% under land residual assumptions, and there is more 

variability in these neighborhoods as expected if the property trades more like vacant land in 

high option value areas. In more typical neighborhoods with little new construction or option 

value, the land share increases only 2% over six years due to depreciation.

Our research is limited in several ways. First, we limit our theoretical and empirical work to a 

positive demand shock (boom period) because option theory in a bust is not symmetrical with a 

boom. Figure 1 strongly suggests that the land residual method implies too much land value 

volatility in a bust, but we leave that study for some future time. Second, we stop short of 

estimating the land share for individual properties. The land valuation procedures we suggest 

here might be implemented using the Ahlfeldt and McMillen (2020) and Davis et al. (2017 & 

2019) methods to find land shares for newly built properties and allocate these to older 

properties. These methods, supplemented with depreciation estimates, would provide land 

share estimates for most urban real estate. Third, some variant of the Munneke and Womack 

(2017) method might be applied of estimating land value for the minority of properties that have 

significant option value. With these three extensions of the option value model, reliable land 

value estimates and their dynamics might be accomplished over the next few years.
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Table 1, Panel A: As If Vacant Land and Structure Values with Simplified Option Value
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Table 1, Panel B: Parameters and Option Value for Simple Model
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Table 2: Data Filtering Process for SFR in Maricopa County
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Table 3: Selected Single Family Residential (SFR) Property Characteristics

Variable Description

parcel id Property id. First 3 digits= Book, Next 2 digits = Map, Last 3 digits = Lot, split (if applies): A-Z

market Residential Market Area. Assessor defined geographic areas with differing characteristics.

nbhd Market areas subdivided into neighborhoods: If 5 digits, first 2 characters are market area

sale price Sale price as recorded on the Affidavit of Sale

sale month Sale Month

sale year Sale Year

deed type Deed type dummy. Most are WD (Warranty Deed) or SD (special WD). For property type A only

land area (thous sq ft) The total amount of land (square feet in thousands) in the parcel (vacant land or SFR lot)

improved area (sq ft) The residential square footage of living area.

first floor area (sq ft) The residential square footage in the first floor of a residence.

construction quality Residential construction quality class. The scale is 0-7 with 3 being average, 7 being highest

property age Age of the structure in years at the date of sale or assessment.

zoning code Assessor's standardized zoning code. Standardized across municipalities in Maricopa county.

property type Property Type from Affidavit of Sale. A= Vacant Land, B=SFR; other types not in this study

corner dummy Parcel is located on a corner

culdesac dummy Parcel is located in a culdesac

gated community dummy Parcel is in gated community (similar variables for golf course, greenbelt, lake/water features)

view dummy Parcel has a premium view

adjacent apartments dummy  =1 if parcel is located adjacent to an apartment/multi-family complex, =0 ow

adjacent commercial dummy  =1 if parcel is located adjacent to commercial/industrial property, =0 ow

adjacent transmission dummy  =1 if parcel is located adjacent to a transmission line, =0 ow

adjacent waterway dummy  =1 if parcel is located adjacent to a waterway, =0 ow

paved road access dummy  =1 if parcel is accessible via a paved road, =0 ow

no utilities dummy  =1 if parcel has no utilities, =0 ow

electricity dummy  =1 if parcel has electricity, =0 ow

running water dummy  =1 if parcel has water, =0 ow

well dummy  =1 if parcel has a well, =0 ow

natural gas dummy  =1 if parcel is connected to gas lines, =0 ow (similar entries available for sewer and septic)

floodplain dummy  =1 if parcel is in a flood plain, =0 ow

noise dummy  =1 if parcel is in a substantial noise flight path, =0 ow

number of stories Residential number of stories (maximum is 4- a basement + three floors)

quality of addition Residential attached addition quality (relative to main, 1=below, 2= comparable, 3= above)

carport area (sq ft) Residential attached carport square feet (similar entries for detached carport & garage space)
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pool area (sq ft) Residential pool (square feet) or spa.

golf dummy  = 1 if property is adjacent to a golf course

sports court (sq ft) Residential sports court (square feet)

greenbelt dummy  = 1 if property is in a greenbelt

positive amenity dummy  = 1 if property is in gated community, in a greenbelt, near a lake, or in a preserve, =0 ow

negative amenity dummy  = 1 if property is adjacent to: apartments or commercial properties or transit line, unpaved road, 
no road, no utilities, in flight path, flood zone, major intersection, or arterial road; =0 ow

q1, q2, q3, q4, q5 Dummy variable for each of 5 quintiles

dist primary road (mi) Distance to nearest primary road calculated with a GIS

dist secondary road (mi) Distance to nearest secondary road calculated with a GIS

dist nearest park (mi) Distance to nearest park calculated with a GIS

dist nearest water (mi) Distance to nearest significant water body calculated with a GIS

dist CBD (mi) Distance to Central Business District calculated with a GIS

high elevation dummy Dummy = 1 if the parcel is at relatively high elevation, =0 ow. From GIS & topographical map

replace cost Depreciated cost of new structure in year of sale. Calculated from Marshall Valuation manual

Land value cost Sale price – replace cost

Land value hat Predicted value of land from a hedonic model with land value cost as the dependent

hedonic property value Property value (land and structure) from standard hedonic model

Smold  Dummy = 1 for structures in the lower 1/3rd of interior area AND upper third of property age,

=0 ow

SmoldOV smold interacted with a dummy for moderate to high OV neighborhoods, defined as nbhds of 
Type A and C. See Table 10 Panel B for more details on Type A and C neighborhoods.

Notes: SFR means single family residential property. There is limited information on financing, omitted from our models. Variables 
are from the Maricopa County, AZ assessor, GIS and authors' calculations.
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Table 4:

Descriptive Statistics: Single Family Residential Sales, Market 5, Maricopa County, AZ

Notes: Table 4 includes SFR property sales in Maricopa County Market Area 5 from 2012-2018,
excluding outliers (above 99th percentile and below 1st percentile), non-arms length transactions,
and properties with missing lat/long (as described in filtering process of Table 2).

Table 5: Number of Sales by Neighborhood in Market 5, Maricopa County, AZ
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nbhd SFR Vacant Land New Construction
5001 432            7                   6                               
5002 533            19                 58                            
5003 798            46                 29                            
5004 298            138               7                               
5005 1,001         59                 45                            
5006 2,374         9                   25                            
5007 3,148         19                 130                          
5008 384            21                 15                            
5009 1,237         6                   9                               
5010 2,937         31                 39                            
5011 6,879         29                 413                          
5012 1,557         86                 169                          
5013 2,990         42                 541                          
5014 2,767         163               1,346                       
5015 656            -               66                            
5016 664            95                 103                          
5017 1,112         2                   74                            
5018 894            201               335                          
5019 2,200         97                 315                          
5020 392            42                 95                            
5021 464            17                 13                            
5022 178            17                 3                               
5023 415            1                   159                          
5024 343            6                   24                            
5025 337            8                   9                               
5026 1,078         346               419                          
5027 362            92                 161                          
5028 125            70                 5                               

Total 36,555       1,667           4,614                       

Notes:

nbhd is the abbreviation for “neighborhood” with boundaries defined by the Maricopa County 
assessor. 

SFR is the abbreviation for “single family residences.”

Observations include SFR property sales in Maricopa Market Area 5, excluding outliers (above 
99th percentile and below 1st percentile), non-arms length transactions, and properties with 
missing lat/long values.

“New Construction” is defined as properties that are less than 16 years old.
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Table 6:  Ratios Per 100 SFR Sales* By Neighborhood (nbhd)

nbhd Vacant Sales Ratio New Construction Ratio
5001 1.62                         2.78                                   
5002 3.75                         21.58                                 
5003 6.02                         7.27                                   
5004 48.32                      4.70                                   
5005 6.19                         8.89                                   
5006 0.38                         2.11                                   
5007 0.64                         8.23                                   
5008 5.73                         7.81                                   
5009 0.49                         1.46                                   
5010 1.09                         2.66                                   
5011 0.44                         11.95                                 
5012 5.78                         21.64                                 
5013 1.47                         36.02                                 
5014 6.14                         96.86                                 
5015 -                           20.12                                 
5016 14.91                      31.02                                 
5017 0.18                         13.31                                 
5018 23.49                      74.61                                 
5019 4.59                         28.50                                 
5020 11.22                      48.47                                 
5021 3.88                         5.39                                   
5022 10.11                      3.37                                   
5023 0.24                         76.14                                 
5024 1.75                         13.99                                 
5025 2.37                         5.04                                   
5026 33.58                      77.46                                 
5027 26.52                      88.67                                 
5028 58.40                      7.20                                   

Average ratio 4.77                         25.13                                 
Median ratio 4.24                         12.63                                 

*Normalized by the ratio of totals; For example, a ratio of 10 is to be interpreted that the ratio for 
that column in the neighborhood is 10x the neighborhood ratio for total SFR sales in Market 5. 
New construction is defined by structures less than 15 years old at the time of sale.

Note: nbhd is the abbreviation for “neighborhood”.

Observations include SFR property sales in Maricopa Market Area 5, excluding outliers (above 
99th percentile and below 1st percentile), non arms length transactions, and properties with 
missing lat/long values.
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Table 7, Panel A: Prices of SFR Properties Sold for Teardown, 

By Neighborhood (nbhd)

By nbhd N p25 p50 p75
5003 7              550,000       586,000          625,000              
5004 22            832,000       1,117,000       1,350,000           
5005 19            655,000       865,000          925,000              
5006 1              375,000       375,000          375,000              
5007 2              382,000       456,000          530,000              
5010 4              232,058       380,000          450,000              
5011 1              293,000       293,000          293,000              
5012 2              475,000       492,500          510,000              
5020 6              495,000       650,000          780,000              
5022 2              543,000       566,500          590,000              
5025 4              622,000       634,500          675,000              
5028 5              850,000       933,000          1,150,000           

Total/average 75            543,000       745,000          1,070,000           

Note: nbhd is the abbreviation for “neighborhood”.

Observations include all Maricopa County Market Area 5 SFR demolition sales, with SFR 
demolition property use codes, and land square footage less than 100,000 (i.e., non-large 
vacant tracts), excluding observations with missing lat/long values.

Table 7, Panel B: Prices of SFR Properties Sold for Teardown, By Year

By Year N p25 p50 p75
2007-2010 0 NA NA NA

2011 3              154,115          340,000          450,000          
2012 7              410,000          475,000          519,000          
2014 2              1,150,000       1,200,000       1,250,000       
2016 15            543,000          785,000          1,000,000       
2017 30            625,000          720,000          1,022,000       
2018 18            700,000          880,000          1,375,000       

Total/average 75            543,000          745,000          1,070,000       

Note: SFR is the abbreviation for “single family residences”.

Observations include all Maricopa County Market Area 5 SFR demolition sales, with SFR 
demolition property use codes, and land square footage less than 100,000  excluding 
observations with missing lat/long values.
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Table 8: Nested Models
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Notes to Table 8: all models (except (4)) include nbhd, sale year, and deed type dummies.

Model (1): Restricted hedonic model (no variables from residual method); sale price is 
dependent variable.

Model (2): Dependent variable is “land value cost”, calculated as “sale price - replace cost”.

Model (3): Dependent variable is “land value cost” as in model (2), with the addition that the 
coefficient for “replace cost” of structures is restricted to 1.

Model (4): Dependent variable is sale price. Hedonic characteristics are not included. The nbhd 
dummies are not explicitly entering into this model, but they are reflected in the “land value hat” 
- indirectly.

Model (5): Dependent variable is sale price. This is an unrestricted hedonic model that includes 
“replace cost” and “land value hat” and all hedonic variables from model (1). 

Model (6): Dependent variable is sale price. Hedonic characteristics are included. This model is 
restricted to exclude “land value hat”. This model is comparable to model (3) except the 
coefficient on “replace cost” is unrestricted.

Model (7): Dependent variable is sale price. No hedonic structural characteristics or “land value 
hat”.

Table 9: Out of Sample Performance (Panel A), and Hedonic Estimates of Small Old 
(Panel B) and Small Old with OV Estimates (Panel C)
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Notes: Model numbers are the same as those described in the notes to Table 8.
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Table 10, Panel A: Cumulative % Change From 2012 Average Values & Implied Land
Share

Notes: Model (1) is the baseline hedonic;  this is the same as in Table 8, model (1). Model (2) 
dependent variable is “land value cost”: this is the same as Table 8, model (2). Model (3): 
dependent variable is “replace cost” to build the structure in the year of sale. 

Explanatory variables are interior square feet, structure age, pool dummy, construction quality 
and year dummies.Cumulative percent changes are estimated using the year coefficients 
divided by the mean values in 2012. These are constant quality changes because property 
characteristics are in the regressions.
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Table 10, Panel B: Land Value Shares by Type of Neighborhood, Comparison to FHFA 

sale
year

High OV 
nbhds

Low OV nbhds 
(most urban property)

Land residuals, 
new stuctures, 
author calcs

FHFA- based on 
new structure 
land residuals

2012 100 100 100 100

2013 111 100 110 109

2014 107 102 111 115

2015 112 102 118 119

2016 131 102 121 118

2017 117 102 123 121

2018 111 102 124 127

N 2,007 18,356 10,910 N/A

Notes: In high OV neighborhoods (type (A)) we increase land values at the rate of a constant 
quality vacant land price index. In neighborhoods with a lot of new construction, (type (B)) we 
increase land values using the land residual model, Table 10 panel A. In neighborhoods 
dominated by existing SFR and little option exercise, (type (C)) we decrease structure value by 
a rate of depreciation (2%/year). Property values in all cases are estimated with a baseline 
hedonic model.  FHFA values by zip code from Working Paper 19-01 by Davis et al. are merged
by zip code with transactions in market area 5. The FHFA column presents the weighted 
average numbers by year: weights are number of existing (not new) SFR transactions (counts) 
by zip code.
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Figure 1: Home Price, Land Price, and Construction Cost Indexes (Left Axis), 

and Land Share (Right Axis)

Figure 2: House Price and Land Price Indexes

Notes:  We calculated the Vacant Land Price Index for Market 5. The Lincoln Home and Land Price 
Indices were distributed by the Lincoln Institute of Land Policy (ending in 2016) using AVM and land 
residual methods developed by Davis and Palumbo (2008). The FHFA House Price Index is available by 
MSA for most of the US. The Phoenix Construction Cost Index is calculated by the authors from Marshal 
Valuation Service Manuals.

The FHFA index is for the Phoenix-Mesa-Chandler Metropolitan Statistical Area (MSA). Similarly, the 
Lincoln Land Price Index is also at the MSA level. Maricopa County, which had a population of 4.5 million 
in 2010, is a subset of the Phoenix MSA. The other major county in the Phoenix MSA is Pinal County, 
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which had a population of 376,000 in 2010, and most of the area in Pinal is very rural. Therefore, 
Maricopa County is a reasonably close approximation to Phoenix.

In Figure 2, the Lincoln price index is relatively volatile and peaks early compared to vacant land 
transactions.
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Figure 3: Map of Maricopa County, AZ
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Figure 4: Map of Market 5, Maricopa County, AZ
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	The values of land and improvements have been historically challenging to disentangle. One contribution of our work is that we set up a framework for practitioners who want to estimate land values under the assumption of irreversibility. One of our key empirical findings is that irreversibility is an important factor for estimating land values for most parcels, even for those with structures that have been built within the past 15 years.
	The challenges for separating urban land and structure values have evoked a rich literature on the topic. The existing literature on land values tends to focus on at least 3 approaches to estimating land values. The first of these that we review below include “residual” land value methods, where land values are equal to the residual between house values and construction costs. The second approach relies on vacant land sales as providing values comparable to land under structures. A third approach consists of a set of automated valuation methods (AVM), where econometric models are used to derive land value estimates. Some of these AVM models focus on hedonic land value models, while others use hedonic housing value models to extract the value of house characteristics and then derive location values.
	One advantage of the residual land value approach is computational ease, and this is likely one reason why some of the most comprehensive land value indexes (i.e, Davis et al., 2019) rely on this approach. In general, there are available data on residential construction costs, and there is some guidance in the appraisal literature on reasonable assumptions on depreciation rates over time. Using the construction costs data, it is possible to estimate the replacement costs of an existing house. But when a house is not a new construction property, the value of the structure is typically not equal to the replacement cost of building a new house, because of depreciation coupled with changes in property value since construction. The logic of the land residual method requires adjustments for construction costs for depreciation to estimate structure value. After obtaining the estimated structure value, land value is obtained as the residual between the sale value and the replacement cost net of depreciation.
	The land residual method is widely accepted and also has been applied in several settings. For instance, Landefeld and Hines (1985) demonstrate the use of this approach in the National Income and Product Accounts (NIPA), with respect to natural resources. Specifically, the “natural resource component of the total value of oil and gas reserves is obtained by subtracting the current replacement cost value of oil and gas producers' net stock of physical capital from the total value of oil and gas reserves.” (Landefeld and Hines, 1985). The land residual method is also used in land value indices that are published by the Lincoln Institute of Land Policy (see Davis and Palumbo, 2008), as described in more detail below. Diewert et al. (2011) apply a variation of the residual approach to a Dutch house price index, along with a parametric approach, to disentangle land and improvement values. Clearly the land residual method has a long history of applications, which motivates our analysis.
	Knoll et al. (2017) use the residual land value method to study historical land values for 14 different countries, going back to the late 1800s in some cases. For the U.S., they find that in the roughly 60-year period following World War II, land values account for approximately 80% of the house price appreciation, on average: i.e., land’s share of value has increased substantially since 1950 and this generalizes to most countries. We will show that these conclusions are an artifact of the land residual model: variation in house value is forced into land value.

