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Research on Valuation of Land and Improvements in 
Philadelphia 

 
By Roger A. McCain, Paul Jensen, and Stephen Meyer 

 
Preliminary Report 

 
 

Executive Summary 
 

 

 We report on a project to estimate values of land and improvements for residential 

real estate in the City of Philadelphia. The objective of the study was to determine 

whether, and to what extent, prior estimates of the ratio of land to structure value may 

have been inaccurate, and to provide econometric estimates of the ratio for comparison. 

At this stage, only residential real estate has been considered. The project was able to 

draw on a data base of almost 40,000 arm’s length real estate sales in the City of 

Philadelphia. However, data on the characteristics of the properties sold was very limited. 

Using methods from geographic information systems, the research first estimated an 

index of the quality of the neighborhood for each property, based on a preliminary linear 

regression. At the second stage, a hybrid model was estimated with the index of 

neighborhood quality as an independent variable. These procedures have given rise to an 

estimated overall ratio of land value to total value of 0.212. Since Philadelphia is an 

unusual city for its high proportion of rowhouses, separate values for rowhouses, semi-

detached and detached homes may allow for a better comparison with other cities. The 

estimates for these categories were 

 
Rowhouses   0.190 
Semi-detached  0.248 
Detached  0.302 
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Background 

 
 This research is meant to assist in the assessment of the impact of proposed tax 

reform in Philadelphia. The proposal under consideration is that the rates of taxation of 

land value and the value of improvements be adjusted so that the taxation of land and 

improvements would yield roughly equal revenue, whereas under the current flat rate 

more of the revenue arises from taxation of improvements. In November 2001, the City 

Controller's Office released its Tax Structure Analysis Report, which (among other 

recommendations) called for Philadelphia to tax buildings less and land more to 

encourage development and discourage speculation.  In calling for a system that would 

generate an equal amount of tax revenues from the levy on land as the levy on buildings, 

the Controller's Office used the city's assessment data to determine the effects of such a 

shift.  In Appendix A of the document, the Controller's Office determined that 78.2% of 

residential properties would see their taxes reduced and 71.6% of all properties would see 

their taxes reduced under such a shift.  

To assess the impact of a relative shift of property taxation toward land values and 

away from the values of improvements, we need a method for apportioning property 

values into the components of land and improvements values. For this purpose we can 

draw on three kinds of information: 1) estimates by the Board of Revision of Taxes, (the 

agency responsible for the valuation of all Real Property within the City of Philadelphia) 

made in the course of their assessment activities, 2) the independent judgment of the 

marketplace, as reflected in transaction prices, 3) data on the characteristics of parcels of 

property, such as dimensions, road frontage, zoning status, inter alia.  



 4 

Estimates by the Board of Revision of Taxes are based on expert judgment, and 

consistently with their mission, their greater efforts have focused on getting reliable 

assessments of total value, land and improvements together. The separation of these 

values into components of land and improvement values has been of a lower priority and 

so may be less reliable. Because the city's assessment data may be flawed in this sense, it 

was at the suggestion of the Board of Revision of Taxes that the Controller's Office 

sought an unbiased third party to determine the appropriate split between the land and the 

building portions of property values in Philadelphia. To the extent feasible, such an effort 

would essentially allow the Controller's Office to reproduce its Appendix A so that all 

observers would know who would save more and who would pay more under the 

proposed shift to Land-Value Taxation. With such knowledge, policymakers could then 

evaluate the proposed shift on its merits. 

A research team from Drexel University was engaged to carry out this statistical 

re-evaluation of Philadelphia's real estate valuation,1 to the extent possible using data the 

city might be able to provide.  To ensure that this study achieves its aims, an advisory 

board comprising representatives from the Board of Revision of Taxes, other city 

officials, civic groups, think tanks, and the public was assembled to assist in fine-tuning 

the methodology for this examination.  

Unfortunately, the BRT data proved excessively limited. The data on residential 

properties was limited to land area, the usable area of the structure, and an index of the 

                                                
1  This group was assisted materially by the Cartographic Modeling Laboratory of the 

University of Pennsylvania, and could not have proceeded without this assistance, for 

which we are most grateful. 
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deterioration of the external façade ranging from 1 to 4. For a contrasting example, a 

study of smaller cities in Idaho was based on data including “Variables available for 

analysis in each of the three data bases included geographic area (MLS area or 

neighborhood), lot size, living area, secondary areas (basements, porches, etc.), 

garage area, construction quality, building style and age, sale date, and such 

miscellaneous items as fireplaces and swimming pools.  In addition, the Edmonton 

and Jefferson County data bases included relevant location amenities: waterfront, 

golf course, commercial encroachment, traffic, and so forth.” (Gloudemans 2001.) 

There were more than 50 distinct measures of property quality in each of these 

studies. In a study of Edmonton, Canada (Gloudemans et. al. 2001) there were over 

30 such measures. With the assistance of the Cartographic Modeling Laboratory, by 

combining two methods that had not previously been used together, we were able 

to re‐estimate the values for residential properties with a considerable degree of 

success. However, this new method is not likely to be equally applicable to 

commercial properties, so that, without much more complete data than the BRT can 

provide, we do not see it as feasible to undertake the estimation for commercial 

properties, and thus the full revision envisioned at the inception of the project will 

not be completed.  

 

Methods 

 

Economists prefer to rely on the independent judgment of the marketplace to 

answer questions of valuation. This does not exclude other sources of information, 
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however, particularly including information on the characteristics of the property. A well 

established method in real estate economics that integrates information of these two types 

is the “hedonic” approach. (See, e.g., Englund, Gordon, and Quigley) This method 

estimates a statistical fit such as  

 

 
 

With pi the observed sale price of property i and Qj,i is characteristic j of property i. In 

effect, pi is treated as a weighted sum of the characteristics of property with  the weights 

chosen to make the fit as close as possible. 

 However, there are several problems with this approach, for the purposes of this 

study. First, it does not in itself break out land and structure values. This may be done in 

a judgmental way, by the analyst, by first grouping the independent variables that seem 

associated with land values and with structure values. In some cases, this classification 

will be obvious and credible results might be obtained. For example, an obvious 

judgment is that the square footage of a building influences the value of the building, 

rather than that of the underlying land. However, the second difficulty is that the linear 

hedonic model does not allow for diminishing returns to particular characteristics. 

(Gloudemans, Gloudemans, Handel and Marwa). The implied difficulty is illustrated by 

Figure 1. In the figure, the true relationship is shown by the light gray curve, while the 

linear estimate is shown by the darker line. We see that the approximation will be poor at 

the extremes, although it may be good enough for values near the average. This might be 

a minor difficulty for our purposes, but it can be solved by a method that also provides a 

pi = ! 1Q1,i+! 2Q2,i+! 3Q3,i...
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means of extracting land and structure values more reliably. 

 

 

 

Figure 1. Linear Approximation to a Nonlinear Relationship 

 

There is a wide consensus among real estate professionals that the characteristics 

of a parcel of land that determine land value are subject to diminishing marginal returns, 

and the same is true of the characteristics that determine structure value; but also that 

land and structure values are additive. This implies a nonlinear specification for a 

valuation model. The practice of professionals in the assessment community is to adjust 

for the characteristics of the property by multiplier factors, thus specifying (for example) 

the relation between the characteristics of a structure as a multiplicative relation. In 
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economic theory, one multiplicative specification that allows for diminishing returns is 

the Cobb-Douglas model. When we combine that specification with an additive 

relationship between land and improvement values, we have the “hybrid model.” The 

“hybrid model” for valuation is the sum of two (or sometimes more) components each of 

which is Cobb-Douglas. That is,  

pi = ! X1,i
"1 X2,i

"2 X3,i
"3 ...+ #Y1,i

$1 Y2,i
$2 Y3,i

$3 ...
 

 

where the Xj,i are characteristics of land and the Yji are characteristics of structures, the 

first additive term is land value, the second is structure value.  

This is called a “hybrid model,” because it combines linear and nonlinear 

specifications. This means that it must be estimated by a non linear method such as 

nonlinear least squares, and these methods can be less predictable than linear methods. 

Some judgment is still required to sort variables into the categories of land characteristics 

and structure characteristics, but once relatively obvious variables have been sorted the 

statistical measures can be helpful in sorting variables that are less obviously land or 

structure dimensions.  

 Unfortunately the data available from the city on characteristics of properties 

were very limited for these purposes. In the studies of Edmonton and other western cities, 

for example, Gloudemans et. al. typically had more than 30 dimensions for each property 

while we had three. Our attempts to obtain data from the real estate community were not 

successful. On the other side, we were able to access city data in a clarified form from the 

Cartographic Modeling Laboratory of the University of Pennsylvania 
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(http://cml.upenn.edu/). With their collaboration we were able to adopt a somewhat 

different method, a method that is more satisfactory in some important ways.  

 It is widely understood that neighborhood effects are among the most important 

determinants of real estate value. (Aronson) Statistical methods for the measurement of 

neighborhood effects by individual plot have been developed by the Real Estate Research 

Institute of the Ourso College of Business Administration of Louisiana State University  

(Pace, Barry and Sirmans; Pace, Barry, Clapp and Rodriguez). Until now, measures of 

this kind have not been incorporated with the hybrid models of real estate value. 

However, in collaboration with the Cartographic Modeling Laboratory, we developed a 

two-stage method incorporating neighborhood effects in a hybrid model. In this 

combined approach, 

 

• Independent variables are characteristics data: livable area, total land area, and 

outside condition.  

• Step 1: a linear regression is run of sales price on the characteristics variables. 

• Step 2: The residuals are computed for each property sold. 

• Step 3: For each property in the data set, a weighted average is computed of all 

properties sold within 1/4 mile distance and one year of time elapsed. 

• The further the sale is in space or time, the smaller the weight. 

 

In other words, we assume that the neighborhood value of a property will be similar 

to that of nearby properties, and will be more similar if the nearby property has been sold 

relatively recently and if it is relatively close.  
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This weighting method is illustrated by Figure 2, which illustrates some basic 

parameters of the neighborhood effects estimate. The residuals are taken for all other 

recorded sales within one quarter-mile of the property of interest and within one year 

past. The strength of the weights is less for properties more distant in time and space, as 

indicated by the thickness and darkness of the arrows in the figure.  

 
 

 

 

Figure 2. The Valuation Cylinder 

 

The index of neighborhood value essentially tells us how much is added to the 

value of a property (with given characteristics) because of unobserved and unobservable 

qualities of the neighborhood in which it is situated. Location per se, a characteristic of 

land, is included, but the neighborhood index may also be a proxy for unobserved 

characteristics of structures. If neighboring properties have large positive residuals, this 

may in part reflect unobserved improvements in the structures. At the same time, a 

property situated in a neighborhood where unobserved improvements are common is 
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itself very likely also has unobserved improvements. Thus, the expected value of the 

value of the structure will be greater in neighborhoods with high indices of neighborhood 

quality.  

With these methods, we estimated both neighborhood indices and a valuation model 

for Philadelphia residential real property. 

 

Results 

 
 The estimated neighborhood values (discounts or premiums) are shown as a map 

of Philadelphia in Figure 3. These neighborhood valuations vary from –$165,571 to 

$544,051, with an arithmetic average of –$985. These are represented relative to a value-

weighted average, so roughly half the values are negative (discounts). However, negative 

values cannot be entered in the exponential functions in the two parts of the hybrid 

model, so the data were rebased by adding $165,572 to all computed neighborhood 

values. These adjusted (positive) values were then used in the hybrid model, which was 

estimated by nonlinear least squares.   
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Figure 3. Relative Neighborhood Values in Philadelphia 
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 The resulting estimate was  

p = (0.000005)(Liveable Area)0.48(Condition)-0.3(Neighborhood)1.68
+ (0.87)*(Land Area)0.52(Neighborhood)0.49  

• R2 is 0.82 

• All exponents are highly statistically significant on conventional tests. 

• Neighborhood value in the structure estimates seems the most important single 
variable by far. 

• t = 108.28 

• We do see diminishing returns 

• To land area 

• To livable area 
  

To estimate land value separately, we can take the second additive term,  

 (0.87)*(Land Area)0.52(Neighborhood)0.49
 

In this expression, the exponents are less than one, expressive of diminishing returns as 

expected. This is illustrated by Figure 4, which shows the relationship between area and 

land value with a property of average neighborhood index. Comparing it with the 

hypothetical curve in Figure 1, we see the hypothesis of diminishing returns clearly 

verified in this case. 
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Figure 4. Diminishing Returns to Land Area 

 

The valuation of structures is obtained from  

(0.000005)(Liveable Area)0.48(Condition)-0.3(Neighborhood)1.68  

Note that the neighborhood index is a variable in both additive parts of the hybrid model. 

Moreover, it has an exponent greater than one, indicating that returns to the neighborhood 

variable do not diminish but increase in this part of the model. This is visualized in 

Figure 5, assuming an average house area of 1600 feet and a housing condition index of 

3. We believe this reflects the importance of many unobserved improvements in 

structures, correlated with the neighborhood index.  
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Figure 5. No Diminishing Returns to Neighborhood Index in Valuation of Structures 

 

We note that the BRT have estimated the overall ratio of land value to total 

property value at 18%. Our overall estimate is 21.2%, somewhat greater but considerably 

less than the consensus values for most American cities. Even Baltimore, like 

Philadelphia in having a large proportion of rowhouses in its housing stock, is estimated 

to have a ratio of land to total value of 27.4% for residential housing. (Information 

provided by The Center for the Study of Economics). This low ratio for Philadelphia may 

in part reflect an even greater preponderance of rowhouses in the Philadelphia housing 

stock. Table 1, below, shows the estimated total values and ratios of land to total values 

for the Philadelphia housing stock. We see that the ratio for detached housing – 

predominant in the housing stock of many newer cities – is 0.3, corresponding to a 

significantly higher ratio in such cities.  
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For comparison, Table 2 offers the same summaries based on BTR assessments. 

We see that all value data are considerably lower, reflecting the common practice in tax 

assessments, but the ratios are similar. By type of property, our estimates are slightly 

larger than those of the BRT.  

Table 1. Estimated Total Valuations and Ratios 

 total Ratio, land 
to total 

Overall 
land 6,718,819,885.92 

31,690,825,209.64 
structures 24,972,044,977.85  

0.212 

Rowhouses 
land 4,367,775,551.04 

22,926,831,922.44 
structures 18,559,077,147.60  

0.190 

Semi-detached 
land 1,387,728,077.30 

5,582,075,443.74 
structures 4,194,366,532.56  

0.248 

Detached 
land 963,315,128.79 

3,181,917,054.40 
structures 2,218,602,474.83  

0.302 

 

Table 2. Total Valuations and Ratios Based On BRT Data 

 total Ratio, land 
to total 

Overall 
land 1,026,158,868.00 

5,407,506,216.00 
structures 4,381,347,348.00  

0.190 

Rowhouses 
land 576,577,344.00 

3,426,117,240.00 
structures 2,849,539,896.00  

0.168 

Semi-detached 
land 223,179,280.00 

1,188,717,280.00 
structures 965,538,000.00  

0.188 

Detached 
land 226,242,940.00 

792,330,840.00 
structures 566,087,900.00  

0.286 
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However, the averages shown in Tables 1 and 2 conceal a wide range of 

difference from property to property. The regression method allows us relatively quickly 

to compute the estimated land and property values for each residential property. From 

these we computed the relative number of properties at each value of the ratio of land to 

total value.2 We have computed the same data for the BRT estimates of land and structure 

value. These plots show the ratio of land to total valuation on the horizontal axis. For 

each ratio on the horizontal axis, the vertical axis shows the number of properties with 

ratios within one-half of one percent of the ratio on the horizontal axis. Ratios derived 

from our estimate are shown with a grayed red line, while those based on BRT data are 

shown with a solid green line. For example, according to our estimate, about 45,600 

properties have ratios between .215 and .225, while the city data indicate about 16,000 in 

the same interval. 

Looking at the distribution from our estimate, most properties have ratios of land 

to total value around 0.2, and there are very few over 0.35, but (most remarkably, 

perhaps) there are a significant number of properties with land ratios less than 0.1. While 

rowhouses are numerically dominant in Philadelphia, the rowhouses alone cannot 

account for this broad distribution. The distribution for rowhouses is shown in Figure 7. 

This distribution is essentially cut off above 0.3, but is far from symmetrical, with 

significant numbers of very low ratios. 

 

 

                                                
2  In technical terms, this is the probability density multiplied by the total number of 

observations.  



 18 

Distribution of Land Share

0

10000

20000

30000

40000

50000

60000

0 0.2 0.4 0.6 0.8 1
Ratio of Land Share to Total

Nu
m

be
r 

of
 

Pr
op

er
ti

es

estimate
city data

 

 

Figure 6. Relative Proportions of Properties with Ratios of Land to Total Value 

 

 Comparing the two distributions, we see that they overlap both for low and high 

ratios. The "modal" ratio is shown by the peak of the curve. The modal ratio based on 

city data is somewhat less than the modal ratio based on the econometric estimate. This 

replicates the comparison of mean ratios from Tables 1 and 2. However, the distribution 

based on the econometric estimates is less dispersed, so that the BRT assessments place 

more properties in the category of ratios of land to total value less than .2, but they also 

assign more properties to all ratios over .257. Thus, the comparison of means or modal 

ratios could be oversimplified. The BRT data give rise both to more relatively low and 

more relatively high ratios of land to total valuation, perhaps because the judgments of 

the BRT assessors draw on more data (which vary more widely) than the data available  
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Distribution of Land Share: 
Rowhouses
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Figure 7. Relative Proportions of Properties with Ratios of Land to Total Value: 

Rowhouses only 
 
 
 

for the econometric study. Moreover, this pattern is repeated  in the distribution plots for 

rowhouses, semi-detached and detached homes shown in figures 7, 8, and 9  respectively.  

Figure 7 shows a significant number of rowhouse properties with ratios of land to 

total valuation approaching zero, in the estimated as well as (more especially) in the BRT 

data. It may be that the extremely low valuation of land in a significant minority of 

rowhouse properties reflects the neighborhood index and contributes to the low overall 

valuation of land relative to total valuation in Philadelphia. Similar distributions are 

shown for semi-detached and detached houses in Figures 8 and 9 respectively. None is as  
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Distribution of Land Share: Semi-
Detached
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Figure 8. Relative Proportions of Properties with Ratios of Land to Total Value: Semi-

Detached 
 
 
 

nearly symmetrical as the distribution over all properties, but evidently the relatively 

small numbers of detached and semi-detached homes makes up the right-hand tail of the 

distribution in Figure 6. 
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Distribution of Land Share: 
Detached
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Figure 9. Relative Proportions of Properties with Ratios of Land to Total Value: 
Detached 

 
 

 

 These estimates do not explicitly allow for different valuation formulae for 

rowhouses, semi-detached and detached houses. A standard method for dealing with such 

qualitative variables is the dummy variable method (Gujarati). We have experimented 

with this method and encountered some difficulty. In Philadelphia, detached and semi-

detached houses tend to be concentrated in certain neighborhoods and these 

neighborhoods tend to have higher values in the neighborhood index. Thus, it is difficult 

to distinguish the influence of the neighborhood index from that of the type of house. 

Conversely, the neighborhood index is serving to some considerable extent as a proxy for 

the rowhouse/semi-detached/detached variables. Thus, allowance for these variables 
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would make little difference to the estimates for ratios of land to total property values. 

Our partially successful results to date verify this reasoning.  

This study extends only to residential housing, because of limitations in the data 

and the greater diversity of commercial property and consequent difficulties of applying 

the methods that proved successful for the residential data. Because of these data 

deficiencies, we do not believe it is possible to re-estimate the analysis of gains and 

losses from the proposed tax policy change contained in Appendix A of the Controller’s 

Tax Structure Analysis Report. In Appendix A of the document, the Controller's Office 

determined that 78.2% of residential properties would see their taxes reduced and 71.6% 

of all properties would see their taxes reduced under such a shift.  These findings are 

consistent with the actual experiences in Allentown and Harrisburg where a shift to Land-

Value Taxation resulted in savings for 75-78% of residential homeowners. 

At this time, however, we feel justified in drawing the conclusion that, on the 

basis of our estimates, the BRT proposed ratio of 18% for land to total value does not 

appear to be highly inaccurate. The established ratio of 21.2 for all residential properties 

is not materially different from the original BRT value.  This establishes confidence that 

the research performed by the City Controller's Office (published in the Appendix A of 

the Tax Structure Analysis Report) is accurate (or that there is little reason to suggest that 

the findings would change in any major way, could all properties have been examined). 

In short, the conclusions made about the residential properties in this study are consistent 

with the suggestion that about 4 in 5 Philadelphia residential properties would see savings 

under the proposed shift to Land-Value Taxation. BRT data would have to be upgraded 

significantly to improve on these conclusions. 
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