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Effects of construction and operation phases on
residential property prices of the Caribbean’s 
first modern rail transit system

John Loomis*, Luis Santiago**, Yoanna Lopez de Jesus***

The empirical issue of the rate of capitalization of the benefits of 
proximity to a public heavy rail transit system is investigated. In San 
Juan, Puerto Rico, we find that during the construction period that 
there is no proximity premium to residences close to the rail line. When 
pooling house sales data for the construction and operation phase, the 
estimated proximity premium is one-half the price premium estimated 
once operation commences. We attribute this lack of proximity 
premium during construction to the uncertainty regarding completion 
of such large projects by a government with a poor track record of 
completing large public projects as announced, and the inconvenience 
associated with living close to the construction activity. Once the rail 
transit system begins operation, the uncertainty and inconvenience are 
eliminated, and the price premium for proximity becomes statistically 
significant, and twice as large as when pooling construction and 
operation phases. 

Keywords: hedonic Property Method, public transit, Puerto Rico, 
willingness to pay
JEL classification: R42, H43, H44

Se investiga la tasa de capitalización de beneficios por proximidad a un 
sistema de transporte colectivo. Un examen del valor de viviendas en San 
Juan, Puerto Rico, no muestra un excedente por proximidad asociado a 
las residencias cerca del alineamiento del tren durante su construcción. 
Al agrupar los datos de venta de vivienda asociados a la construcción y 
operación del tren, el excedente estimado por proximidad al tren es la 
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mitad de la cifra estimada una vez comienza a operar el tren. Atribuimos 
la ausencia del excedente durante el periodo de construcción a dos 
factores: la incertidumbre asociada a la terminación de proyectos de 
gran escala por parte del sector público una vez anunciados y los 
inconvenientes por vivir cerca de la actividad de construcción. Una vez 
comienza la operación del sistema de transporte colectivo, se elimina los 
inconvenientes y la incertidumbre, el excedente asociado a la 
proximidad al tren es estadísticamente significativo, y su magnitud 
asciende al doble de la observada cuando se agrupan los datos 
correspondientes a las etapas de construcción y operación.

1. Introduction
Transportation is a vital sector of the economy that has been analyzed at 
length by urban economists. A subsector of transportation of growing 
importance is public transit systems. Public transport, whether buses, 
light rail or heavy rail, have become government options to reduce traffic 
congestion and air pollution in cities. As a result a large number of public 
transit systems are being proposed, expanded, or built around the world. 
However, accurately estimating the economic benefits of such systems is 
sometimes challenging. 

In every public transport project there is the announcement phase, the 
construction phase and the operation phase. Above ground rail and 
underground subway systems are massive and complex construction 
projects involving years of construction, often facing significant delays. 
In some cities and countries, there is also substantial uncertainty as to 
whether the full project will be completed as planned, as cost over runs 
and delays sometimes result in a more limited project. 

For example, in Denver, Colorado, there is now evidence that the 
Rapid Transit District (RTD) cannot build the entire new light rail lines 
promised when promoting the tax increase for the light rail (Denver Post 
2009). In Oregon, more than half of their highway projects are delayed 
beyond their original time, creating uncertainty about when they will be 
completed (Sillars 2009). This situation is not limited to the U.S.A. as 
such scenarios occur world-wide, and may be more common with less 
stable governments or those with high levels of corruption. For example, 
based on interviews and survey responses in Egypt, Abd El-Razek, Bassio-
ni and Mobarak (2008) note “Delay in construction projects is considered 
one of the most common problems causing a multitude of negative effects 
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on the project…” Even in South Korea, Han et al. (2009) note that the 
construction of large public transit systems is often plagued by delays 
because there are “numerous uncertainties and challenges during the 
planning and managing phase that resulted in schedule delays and cost 
overruns.” Thus, many current and prospective property owners along 
proposed transit lines may legitimately face great uncertainty as to when 
the system will be completed, and if it will be built as originally announced. 
For example, Han et al. (2009) note that changes in route location due 
to environmental concerns were identified as one of the five problems 
causing delays in their study in South Korea. Such changes in routing may 
make prior capitalization of the access benefits of public transit very 
uncertain to many property owners. 

There are also inconvenience costs and noise to nearby residents dur-
ing construction that can transform the transit project into a liability 
during the prolonged construction period. As noted by Theebe (2004), 
Clark (2006), Kim, Park and Kweon (2007), and Chernobai, Reibel and 
Carney (2011), transportation related noise could reduce property values. 
For example, Theebe (2004) found a 5-6% reduction in house prices 
associated with traffic noise in Europe. In a comprehensive review, Gil-
christ and Allouche (2005) provide an in-depth discussion of three main 
categories of impacts associated with large-scale construction projects. 
These include: (a) traffic problems (e.g., road closures, detours, and 
travel delays, resulting in lost time by users); (b) social costs, such as 
loss of parking; (c) environmental problems such as noise, dust, and 
air pollution from heavy diesel equipment. These were common problems 
in our study area as well. Thus there may be no statistically significant 
effect of the mere announcement of start of construction on house 
prices (Chernobai et al. 2011) as residents know that there will be long 
periods of noise, disruptive construction and highly likely time delays 
to completion. Therefore, the equilibrium response in house prices may 
not occur until the transportation project is actually in operation (Cher-
nobai et al. 2011).

Given that the long construction time period is up front in the project 
time profile, if the construction phase is a liability that reduces property 
prices, this will have a substantial influence on the Net Present Value of 
the project. Alternatively, pooling sales data from the construction and 
operation time periods might understate the benefits from the much 
longer operational time period. This too will result in a misleading Net 
Present Value of the project. 
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Thus, several important economic questions are addressed in this paper. 
The first is whether housing prices in close proximity to rail transit con-
struction have any sales premium during the uncertain construction phase 
with its long period of inconvenience to residents. Second, we investigate 
whether pooling property sales data during construction with sales data 
from the operation phase understates the long term operational benefits 
(i.e., distance-price gradient). Our paper addresses these issues using data 
from the construction and operation phase of a Heavy Rail Transit system 
in the San Juan Metropolitan area of Puerto Rico, the Caribbean’s first 
Heavy Rail Transit (HRT) system. 

2. Theoretical Foundations of the Hedonic Property Method
In order to estimate whether house prices for properties in close proxim-
ity to the HRT line increased or decreased during the construction phase, 
the Hedonic Property Method (HPM) is used. This method uses market 
transactions for residential properties to disaggregate the value of house 
prices into the marginal implicit prices for structural features, neighbor-
hood attributes, and characteristics of the surrounding environment. The 
method allows researchers to use market transactions to infer values 
consumers have for characteristics that cannot be measured directly, 
because these characteristics are bundled into the property at a fixed loca-
tion. Since desirable housing locations are demanded by many, but are 
fixed in supply in the short run, their prices get bid up. This creates the 
price premium for houses located in these desirable locations.

In particular, the hedonic property model (HPM) estimates a hedonic 
price function that results from the equilibrium between consumers’ 
utility maximization and a suppliers’ profit maximization. A simple rep-
resentation of the consumer’s maximization involves maximizing utility 
Ui for the differentiated housing unit with attributes a1…an, and for 
simplification, a composite commodity (X) representing all other goods 
such that:

Ui (a1, a2…an; X) [1]

The consumer maximizes this utility function subject to a budget con-
straint. Conditional on buying just one housing unit and normalizing the 
price of the composite commodity to one, the budget constraint is  
Yi= P(ai) + X, where a is the multi-attribute housing unit with price P. 
The resulting first order condition for a maximum yields the result that 
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dP/dai equals the consumer’s marginal rate of substitution (MRS) between 
any characteristic ai and the composite commodity X. dP/dai is the implic-
it price that results from the hedonic price function, which is the equi-
librium of consumers’ bids for attribute ai and firms willingness to provide 
ai (see Taylor, 2003; or Palmquist, 1991 for more elaboration of the theo-
retical underpinnings of the hedonic property model). 

The choice of a house and its price reveals an implicit price associated 
with the amenities. Observing the choices consumers make over hetero-
geneous commodities with varying prices, it is possible to estimate the 
implicit price of one of the component characteristics of the commodity 
(Taylor 2003).

3. Current Literature on House Prices and Mass Transit
There is an increasing body of literature on the use of the Hedonic Prop-
erty Method to assess the impact of public transit on nearby residential 
and other land property values (see Chang, 2006; Rodriguez and Mojica, 
2009; or Hess and Almeida, 2007, for a review). Previous studies on the 
impact of an HRT on land values through the use of Hedonic Property 
Methods have usually shown increases in land value for properties locat-
ed closer to an HRT station (Armstrong and Rodriguez, 2006; Gibbons 
and Machin, 2005; Lewis-Workman and Brod, 1997; Benjamin and Sir-
mans, 1996).  

Hess and Almeida (2007) assessed the impact of proximity to light rail 
transit (LRT) stations on residential property values in Buffalo, New York. 
The Buffalo LRT has been in service for more than twenty years, but has 
experienced declining ridership. Using a hedonic property model and 
geographic straight line distance to the properties, the authors estimated 
property values increased $2.31 for every foot closer to an LRT station. If 
a home was located within a quarter mile radius of a station, a premium 
of $1,300 to $3,000 was estimated. The authors established a radius of 
influence of one half of a mile from LRT stations.  

Two notable exceptions to the house price premium for being located 
closer to public transit include the non-appreciable effect of the Los Ange-
les HRT on multi-family sales values (Cervero and Duncan, 2002) and a 
similar result in Miami by Gatzlaff and Smith (1993). The Gatzlaff and 
Smith study of Miami Metrorail also pooled house price sales data during 
construction and operation phases into one period (identified with just 
one dummy variable for both phases). When using that specification in 
their hedonic property model, they found either statistically insignificant 
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coefficients on the distance variable or the wrong sign (positive) across 
four different functional form specifications at two major rail stations (a 
total of 8 combinations). When they examined other rail stations with 
their preferred functional form (log), they found only 1 out of 8 proxim-
ity coefficients were statistically significant and negative, two were the 
wrong sign (positive) and five were not significant. As the authors con-
clude, their results indicate that the impact of rail development on resi-
dential property values is weak. 

One of the more sophisticated studies evaluating time trends on prop-
erty values is McMillen and McDonald (2004) using house sales from 
1983 to 1999 in Chicago. They pooled data into four time periods that were 
endogenously determined using a statistical test described in detail in 
their article. These four time periods were: (a) one after announcement 
of the alignment design; (b) one during the bulk of the construction 
period; (c) one that brackets final construction and operation and (d) 
one three-year period beginning four years after operation of the system 
begins. Using a Fourier continuous time varying approach, there was a 
small price gradient for proximity during the first period that nearly 
doubled in the next time period and doubled again with opening of the 
line, before flattening out in the final time period. This appears to suggest 
that real estate transactions increasingly capitalized the rail line as oper-
ation grew closer. 

The contribution of our study is to: (a) estimate separately proximity 
coefficients for the construction and operation phases of a rail public 
transit system; (b) statistically test for differences in hedonic price func-
tions in each phase (e.g., construction and operation); (c) compare 
public transit project benefits calculated from a hedonic property model 
in which data is pooled across the two time periods to those from a hedo-
nic property model estimated just on house price sales once the project 
is operating (which would be more indicative of the long run benefits of 
the project). 

Our research will shed light on whether the weak performance of the 
hedonic property method in estimating the proximity price premium in 
Gatzlaff and Smith (1993) may be due to combining the construction and 
operation phases into one time period and ignoring the distinction. As 
noted by McMillen and McDonald (2004) the particular time path of 
the price proximity gradient is an empirical question. 

There are also some other potentially important implications of sepa-
rating out the house price effects of construction and operation for 



62 6362

benefit-cost analysis of transit projects. If there is a negative effect on 
residential property prices during the construction phase, this should be 
counted as part of the construction time period costs. However, it may 
also be that house prices are higher than they would have otherwise been 
during the construction phase in anticipation of completion and the 
realization of the benefits of the transit project. This would then count 
as a benefit during the construction phase of the project. Once the uncer-
tainty of the transit project is resolved and operation begins, house pric-
es could receive a further boost. Our study attempts to distinguish between 
these effects using residential property prices during and after construc-
tion of the Caribbean’s first Heavy Rail Transit system. 

4. Study Area
The Commonwealth of Puerto Rico announced in 1993 it would be build-
ing the first Heavy Rail Transit (HRT) System in the Caribbean. The HRT 
would be located in Puerto Rico’s most densely populated area, the San 
Juan Metropolitan Area, which includes its capital city. Construction 
began in 1997, and was completed in December of 2004. Operation of the 
HRT began in 2005 and continues to this day. Puerto Rico’s HRT is par-
ticularly important because it was the first of its kind in an island of the 
Caribbean. Since the construction of Puerto Rico’s HRT, a second public 
transit system was built in Santo Domingo, the capital of the Dominican 
Republic.

As is illustrated in Figure 1 the 17 km line HRT crosses three munici-
palities in Puerto Rico: San Juan, the Island’s capital, Guaynabo and 
Bayamón. Out of approximately 3.7 million people that live in Puerto 
Rico, more than 700,000 live in the three municipalities served by the 
HRT (US Census Bureau, 2012) . The density along the HRT municipalities 
ranges from three to nine times the municipality average. Although San 
Juan has lost population during the period 1990 to 2010, its density is still 
nearly nine times the average for Puerto Rico as a whole. The HRT has 16 
stations, including the main campus of the University of Puerto Rico, 
several smaller private college campuses and is within walking distance 
of nearly 100 other schools. There is one stop adjacent to a major medical 
center, and two stops in Puerto Rico’s main financial district. 

The San Juan HRT represents an opportunity to study the influence of 
project uncertainty on property values as the government of the Com-
monwealth of Puerto Rico’s track record in completing projects on time 
is poor. In particular, there are three recent examples of notable delays 
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from the time of announcement to the construction of major public works 
in Puerto Rico. In the period 2005-2006 alone, three major announce-
ments were made on the construction and completion of rail and highway 
extension projects. 

Figure 1. Study Area and Transit Route

In February, 2005, a Department of Transportation and Public Works 
(DTPW) spokesperson indicated the goal was to begin construction on a 
second rail line by 2008. The Mayor’s Office of Carolina, the municipal-
ity east of San Juan, made a second separate announcement indicating 
studies on the same HRT extension were slated for completion by the end 
of March, 2005, and construction would begin by 2009 (Molinari, 2005 
a,c). In 2005, a spokesperson for the Municipality of Caguas announced 
construction of a train line extension joining this Municipality, south of 
San Juan, to the existing train line. Train operation was then announced 
to begin by early 2010 (Ministry of Tourism, Industry and Commerce, 
2007). The third project, announced by a DTPW spokesperson in Novem-
ber, 2006, was the construction of a major highway extension to complete 
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a second stage of the recently built PR-66, on the Island’s northeast region.  
The highway extension was to be completed by the second half of 2009 
(Molinari, 2005 b). Construction has only begun for a portion of highway 
PR-66, but not for the train extensions, and no formal announcements 
have been recently made to update previous ones. Recently, and within a 
four-year period (2008-2012), a bus rapid transit system, was announced, 
designed and built, connecting suburban residents in municipalities west 
of San Juan with the existing rail line. The previous three recent, high 
profile projects, and the most recent announcement and rapid construc-
tion of a fourth complementary project are illustrative of why the Island 
government might have low credibility with regards to follow through on 
the rail transit system under study. 

5. Hypothesis Development
Failure to distinguish the operation phase from the construction phase 
can result in an underestimation of the implicit residential selling price 
associated with operation of the HRT or other construction intensive 
projects. We hypothesize this occurs because the coefficient estimated 
from sales price data that pools construction and operation time periods 
will be an average of the potential negative effect of construction and 
positive effect of operation. This is particularly true of the San Juan HRT 
project due to its vast scale. 

Thus unlike the usual assumption that the mere announcement of a 
major project (e.g., a new stadium, winning the Olympic Games) gets 
quickly capitalized into house prices, the uncertainty associated with more 
challenging large projects with lengthy construction periods, may not 
result in rapid capitalization. However, once the LRT or HRT is completed, 
we expect residential unit prices in close proximity to the projects to 
increase as the uncertainty is removed. This was most likely the case in 
the Commonwealth of Puerto Rico, since the government has low cred-
ibility with residents due mainly to repeated failures in the construction 
of large-scale public projects and frequent revisions of projects due to 
changes in administration. 

Besides uncertainty, the long construction period brings with it size-
able social and environmental costs, as described in general by Gilchrist 
and Allouche (2005) for large-scale construction projects. In the case of 
this project in Puerto Rico, in addition to HRT construction, road improve-
ment projects interfacing with the HRT stations were undertaken simul-
taneously with station construction. The concurrent construction projects 
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compounded the adverse impact on traffic flows in the area around the 
HRT stations. The Environmental Impact Statement (EIS) on the Puerto 
Rico project discussed noise and vibration impacts, which were expected 
to be so severe, that they were monitored during the construction period. 
The experience of two of the authors living in the study area corroborates 
the traffic and noise impacts. As noted in Nellthrop, Bristow and Day 
(2007), people will pay to reduce exposure to noise, and that would be 
transferred to property values. We now turn to the empirical specification 
of the hedonic property model to evaluate these hypotheses about project 
uncertainty and inconvenience costs during construction. 

6. Empirical Specification of the Hedonic Property Model
The following specifications of the Hedonic Property Model (HPM) were 
estimated. Equation [2a] is the general specification used to estimate the 
separate models for the construction and operation phases:

Ln(Sale Price) = b0 + b1ln(Interior Area) + b2TimeTrendt + 
 + b3CondoDum + b4Condition + b5ln(Distance to HRT)    [2a]

where:
Ln(Sale Price) = Ln of Property Sales Price (2006 dollars);
Ln(Interior Area) = dwelling unit interior square footage; the natural 

log is used to allow for the likelihood of diminishing marginal value 
of additional square footage of living area. 

Time Trend =  t=1…12. This mirrors sales years from 1997 to 2008.  
CondoDum = condominium dummy (0=not condominium; 

1=condominium);
Condition = house condition (0 = bad condition, 1 = good 

condition);
Ln(Distance to HRT) = distance from the property to the closest Heavy 

Rail Transit station (in meters); the natural log is used to allow for 
the likelihood of diminishing marginal value of proximity to the 
HRT as the distance increases. This functional form also makes 
sense since few residential properties in our sample are adjacent to 
the HRT. The line passes through a variety of mainly institutional 
zones (i.e., financial, educational, health) with few residences 
actually along the line itself. Therefore very few residences are close 
enough to be exposed to the noise of the operating HRT system.
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Interior Area is quite logical to include as the amount of living area 
certainly influences how much a buyer would pay for a residential property. 
Ideally not only the total living area, but also how that space is broken 
down into bedrooms and bathrooms, would also be included. However, 
a high correlation (r≥.7) was observed between the number of bedrooms, 
the number of bathrooms and the interior living area. We were unable to 
include all three variables in the model due to multicollinearity. Thus 
Interior Area reflects all three of these variables. The variable we call Time 
Trend represents the year of the sale of the property. This variable is 
included to account any underlying time trend in the real estate market 
in terms of rising relative prices that we want to test, and if significant, 
control for.  Note our House Condition variable is included to reflect the 
overall quality of the residence in terms of original construction and 
maintenance of the residence. We also include a dummy variable for 
whether the residence is a condominium or single family detached as 
homebuyers may value one type of housing unit more than another. Of 
course of main interest to this study is the variable Distance to the HRT. 
We wish to test if this variable has any effect on house prices.  

Normally the first stage of a hedonic property model would include 
demographic variables such as education level and income in each of the 
neighborhoods. In addition, distance to roadways or other substitute forms 
of transit would be included. These additional variables are needed to 
ensure that there is no omitted variable bias in the other included 
coefficients. Unfortunately, our data set does not have these variables. 
This is due to the data originally being developed as part of a broader 
project. When that project was completed the GIS data necessary to geo-
reference our sale properties was not maintained, eliminating our ability 
to include these important variables. We acknowledge that the omission 
of these variables may affect the magnitude of differences in property 
prices during and after construction. However, since the demographic 
and distance to other transportation options is not included in both the 
construction period and operation period, the statistical significance of 
any differential effect due to time periods should not be affected.   

Equation [2b] is the specification of the HPM used when the data for 
the construction and operation phase are pooled. The data are pooled in 
order to test for differential effects of the two time periods. To distinguish 
these two time periods in the pooled model, an Operation intercept 
dummy is added to equation [2b] to reflect a possible shift in the hedonic 
price gradient. Operation is defined as whether the housing unit was sold 
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when the HRT became Operational (=1; years 2005 to 2008) or during 
construction (Operational =0; years 1997 to 2004). 

 In order to test if the implicit price of proximity to the HRT is different 
in the two time periods, an interaction term equal to the distance to HRT 
stations times the Operation dummy (OPDUM*ln(Distance to HRT)) is 
added to equation [2a] to yield equation [2b]. 

Ln(Sale Price) = b0 + b1ln(Interior Area)+ b2(TimeTrend) +
+ b3CondoDum + b4Condition+ b5(ln(Distance to HRT) + 
+ b6OPDUM + b7(OPDUM*ln(Distance to HRT))   [2b]

where:
OPDUM= operation dummy variable (0 = HRT is under construction, 

1 = HRT is operating); 
OPDUM*ln(Distance to HRT)= interaction term between operation 

and distance to HRT station.

The construction period began in 1997 and ended in 2004, while the 
operation period considered in the study extended from 2005 to 2008. 

We use the natural log of the dependent variable for two reasons. First, 
it allows for non-linearity between house price and the explanatory variables. 
Second, with this functional form the marginal value of a given level of a 
particular attribute varies with the house price rather than being the same 
regardless of the price of the house. The implicit price can be evaluated at 
different levels of the sales price, whether at the mean, or as in our example, 
at different distances from the HRT. The dependent variable is the log of 
the sales price, so the coefficient estimate represents the approximate per-
centage change in price when the characteristic is present. 

7. Empirical Tests of Differential Effects of Construction and Ope-
ration Periods
To formally test our hypothesis of differential effects of the construction 
and operation phases on house price differentials related to proximity to 
the HRT, we employ several statistical tests using Equations [2a] and 
[2b]. 

Our first hypothesis is tested using the model in Equation [2a] with 
data just from the operation phase of the project. In keeping with the 
literature, our hypothesis is that the distance coefficient (b5) in equation 
[2a] will be negative, so as distance from HRT increases, there will be a 
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decrease in housing sales price, holding other factors constant. The 
increased distance to the HRT station lowers utility due to greater time 
cost in accessing HRT, and hence houses further from HRT sell for less.  

 
Operation Phase: H0: b5 = 0; HA: b5 < 0 [3]

In order to test differential effects of the construction and operation 
phases on the implicit house price gradient from the HRT station, we pool 
data from the two time periods and include an operation dummy and a 
second variable measuring interaction of distance and operation dummy. 
This yields equation [2b] presented earlier. We hypothesize the operation 
dummy (b6) exhibits a positive sign, so if the train has begun operating, 
its effect on residential house prices is positive, holding other factors 
constant. We expect this interaction term to have a negative coefficient 
(-b7). Thus, our second and third hypotheses are the following:

H0: b6 = 0; HA: b6 > 0 [4]
H0: b7 = 0; HA: b7  < 0 [5]

Given the inconvenience that construction may pose to residents close 
to the HRT such as traffic disruptions as well as the uncertainty associ-
ated with its possible completion, the distance to HRT variable could be 
either positive (e.g., living further from the HRT is better during construc-
tion) or not significant (the cost of current inconvenience and uncer-
tainty about the project balances the future benefit to the property own-
er). We therefore expect to see a non-significant or positive coefficient 
(b5) on the distance variable during the construction phase in equation 
[2a]: 

Construction Phase: H0: b5 = 0; HA: b5 ≠ 0 [6]

To test for structural differences in the hedonic price function between 
the construction and operation phase we conduct a Chow test (Kmenta, 
1986) to determine if the coefficients in the two time periods (construc-
tion and operation) are statistically different or not. The null and alterna-
tive hypotheses for the Chow test are: 

H0: bconst
1 = bop

1 …. bconst
n = bop

n   [7]
vs HA:   bconst

1 ≠ bop
1 …. bconst

n ≠ bop
n    
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where bconst
n is the coefficient during construction and bop

n is the 
coefficient during the operation phase.

8. Data
The data used for this study were obtained from the Puerto Rico Compa-
rable Sales Data System. Housing sales in the data bank are identified by 
street, ward, municipality, sales price, date of sale, interior dwelling area, 
whether the unit is a condo, and the number of bedrooms and bathrooms. 
The study sample included twelve wards containing single family housing 
units and six condo complexes to assure variation in the sample’s socio-
economic characteristics. According to the 2000 Census of the Population 
and Housing, there were 182,100 housing units in the study area. 

Table 1 provides the averages, minimums and maximums of all variables 
used in the Hedonic Property Equation. About 20% of the units in our 
data were condominiums. About 40% of the sales were made after oper-
ation of the HRT, so we have a good balance of observations before and 
after construction. At first it may seem that the average and minimum 
distances to the HRT are somewhat high. However, as noted above, these 
distances are due to much of the line, and many of the stations being 
directly adjacent to the financial district, hospitals and colleges/universi-
ties. Thus few people live adjacent to the rail line itself. 

Table 1: Means, Maximums and Minimums of Variables Used in the 
Hedonic Property Equation

Mean Maximum Minimum

Interior Area (sq ft) 1268.53 8337 332

Condo Dummy 0.20 1 0

Distance to HRT 1954.55 10024.3 215.12

House Condition 0.19 1 0

Operation Dummy 0.39 1 0

Time Trend (Sale Year) 7.06 12 1

Real Sale Price (2006$) $157,235 $1,657,000 $24,239

Comparison of the variables during the construction and operation 
time period is useful. Mean house prices in constant 2006 dollars rose 
from $142,436 for sales during construction of the HRT to $180,169 after 
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operation of the HRT. Mean distance from each sampled housing unit to 
the nearest HRT station was 2,016 meters prior to operation and 1,860 
meters after operation began, so distances to the HRT are fairly similar.  
Interior Area of units sold was nearly identical in the two time periods, 
being 1,260 square feet prior to operation and 1,280 square feet after 
operation of the HRT. 

9. Results 
In order to test the hypotheses regarding the operation phase dummy and 
the differential effect of distance during the operation phase versus the 
construction phase, the data from the two phases was pooled. Table 2 
presents the results of this pooled regression. The pooled model exhibits 
a reasonable fit, with an R-square of 56%. The Ln(Interior Area) is positive 
and significant (the coefficient essentially represents an elasticity), indi-
cating a 7.2% increase in house sales price with a 10% increase in Inte-
rior Area. Other significant coefficients include Time Trend (which also 
reflects year of sale), House Condition and Condo Dummy. The House 
Condition dummy is also positive; if its value is equal to 1 (good condi-
tion), there is a 30% increase in house sales price. 

Table 2: Pooled Construction and Operation Model with Dummy & 
Interaction Terms (N= 1561) 

Variable Coefficient Std. Error t-Statistic Prob.  

Constant 6.510218 0.1891 34.421 0.0000

Ln(Interior Area) 0.722512 0.01905 37.913 0.0000

Time Trend 0.027841 0.00498 5.5812 0.0000

Condo Dummy 0.048803 0.02350 2.0766 0.0380

House Condition 0.293858 0.02356 12.471 0.0000

Ln(Distance to HRT) -0.004666 0.01841 -0.2533 0.8000

Operation Dummy 0.682284 0.22846 2.9864 0.0029

Operation*(ln(Dist to HRT) -0.089700 0.03056 -2.9344 0.0034

Adjusted R-squared 0.560721       F-statistic  285.4676 0.0000

In terms of our hypothesis tests, we have tested for the significance of 
distance from the HRT making a distinction and controlling for construc-
tion versus operation phases. The natural log of distance to the nearest 
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HRT station has no significant effect when the construction and opera-
tion time periods are combined. The Operation Dummy is positive and 
statistically significant, indicating that once the HRT starts operation, 
home prices increase significantly. The interaction of the Operation 
Dummy and the natural log of distance to the HRT is significant once 
HRT operation begins. This means that distance to the HRT is not sig-
nificant (i.e., unimportant) until the HRT becomes operational. 

Results of Structural Tests
Table 3A and 3B present the results of estimating a separate HPM on just 
sales during the construction phase and another HPM on just sales dur-
ing the operation phase. As can be seen in Table 3A, the coefficient on Ln 
(Distance to HRT) during the construction phase is not statistically sig-
nificant (p=.714). The lack of significance on Ln (Distance to HRT) dur-
ing construction suggests that the uncertainty and inconvenience factors 
may be partially outweighed by the anticipation of the HRT. 

This insignificant coefficient in Table 3A contrasts with Table 3B, where 
the same model specification was applied to the data during the operation 
phase. The coefficient of Ln (Distance to HRT) for the operation data 
subset is negative and significant at the 1% level (p=.001). This indicates 
that proximity to the completed and operating HRT is now highly valued. 
The switch from an insignificant coefficient during construction to a 
significant coefficient once operation begins would suggest house prices 
respond quite differently to the construction and the operation phases of 
the project. 

To formalize our test of structural difference between the two time 
periods, a Chow test was conducted to test the null hypothesis of coef-
ficient equality over the two time periods. Specifically we are comparing 
the coefficients and the Error Sum of Squares or Residual Sum of Squares 
of the pooled model estimated over the entire time period (construction 
and operation) in Table 4 to the separate models estimated in each time 
period (see Tables 3A and 3B). The pooled model restricts the coefficients 
in the two time periods to be the same, while the two separate models are 
the unrestricted models. The Chow test F statistic is 5.27, significant at 
the 1% level and rejecting the restriction of coefficient equality during 
the two time periods. This indicates we should reject the null hypothesis 
that the relationship of housing prices to HRT (i.e., the hedonic price 
function) is equivalent during the construction and operation periods. 
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Table 3A: HPM Regression Results During Construction (N=950)

Variable Coefficient Std. Error t-Statistic Prob.  

Constant 6.8515 0.2199 31.149 0.0000

Ln(Interior Area) 0.6715 0.0250 26.794 0.0000

Time Trend 0.0388 0.0051 7.1875 0.0000

Condo Dummy -0.0325 0.0319 -1.0181 0.3089

House Condition 0.2186 0.0314 6.9561 0.0000

Ln(Distance to HRT) -0.0068 0.0185 -0.3658 0.7145

R-squared 0.4974 F-statistic        186.845 0.0000

Table 3B: HPM Regression Results During The Operation Phase 
(N=611)

Variable Coefficient Std. Error t-Statistic Prob.  

Constant 7.3680 0.2898 25.420 0.0000

Ln(Interior Area) 0.7604 0.0285 26.640 0.0000

Time Trend -0.0310 0.0130 -2.3842 0.0174

Condo Dummy 0.0787 0.0344 2.2887 0.0224

House Condition 0.3587 0.0344 10.421 0.0000

Ln(Distance to HRT) -0.0778 0.0233 -3.3402 0.0009

R-squared 0.639407 F-statistic        214.5588 0.0000

Table 4: Pooled (Construction & Operation) Model Results for Chow 
Test (N=1561)

Variable Coefficient Std. Error t-Statistic Prob.  

Constant 6.7365 0.1716 39.252 0.0000

Ln(Interior Area) 0.7233 0.0191 37.893 0.0000

Time Trend 0.0301 0.0028 10.537 0.0000

Condo Dummy 0.0536 0.0234 2.2912 0.0221

House Condition 0.2969 0.0235 12.612 0.0000

Ln(Distance to HRT) -0.0371 0.0147 -2.5137 0.0120

R-squared 0.560169 F-statistic       396.089 0.0000
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Comparison of Implicit Prices Estimated Over the Entire Time Period 
to Operational Phase Only
Comparing the coefficient on Ln(Distance to HRT) between the HPM 
estimated on the pooled time period data (Table 4) to the coefficient on 
Ln(Distance to HRT) estimated just during the operation phase (Table 
3B) indicates the implicit prices are quite different. Specifically, the 
implicit price coefficient on Ln(Distance to HRT) during operation is 
more than a factor of two (-.0778) larger than that of the coefficient 
estimated over both time periods combined (-.037). Since both the depen-
dent and this independent variable are logged, the coefficients are elas-
ticities. That is, a one percent increase in distance from the HRT decreas-
es house sale prices by 7.8% during operation, as compared to 3.7% during 
the combined construction and operation periods.

Using the formula for calculating the implicit prices for a double log 
HPM (Taylor, 2003) yields an implicit price, at the means of the data, of 
-$7 per meter of distance from the HRT during the operation phase (Table 
3B). That is, house prices fall by $7 for every meter increase between a 
house and the HRT line. In contrast, the implicit price, at the means of 
the data, during the combined construction and operation period is one-
half or -$3 per meter (Table 4). One can alternatively interpret these 
results as follows: moving a meter closer to the HRT increases house 
prices by $7 per meter once it has started operation, as compared to $3 
per meter when pooling sales data arising during both construction and 
operation. 

While the effect at the mean of distance from transit is instructive, 
since distance to transit is the natural log, the actual proximity premium 
varies with distance as does the percentage gain from proximity to the 
rail line. Table 5 provides estimates of the real house prices (in 2006 dol-
lars), percentage gain and implicit prices at different distance increments 
from the rail line using the hedonic property regression for just the 
operation time period (Table 3B) and the pooled construction and oper-
ation time periods (Table 4). As can be seen in this table, the percent gain 
in prices of residences during the operation phase is twice the percent 
gain during the pooled construction and operation time periods. This 
serves to reinforce the main point of the paper, that the benefit esti-
mated for the operation of the rail line would be about half if data for the 
construction and initial operation time periods were pooled. 

Thus, estimating the benefits of an HRT or other large public works 
projects by using house price premiums resulting from an HPM that pooled 
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data over the construction and operation phase may underestimate the 
benefits of the operational phase of the project. This is especially likely 
when construction is expected to be of long duration and there is some 
uncertainty regarding how much of it will actually be operational. 

Table 5. Comparison of Percent Gain of Home Prices (2006$) as a 
Function of Distance from New Transit System

Operation Phase Only
Pooled Construction 

& Operation

Meters from 
Transit

House 
Price

Percent 
Gain

Implicit 
Price

House 
Price

Percent
Gain

Implicit 
Price

300 $ 179,405 5.55% $48 $ 126,656 2.61% $19

600 $ 169,978 4.06% $23 $ 123,434 1.92% $10

1000 $ 163,349 3.21% $14 $ 121,111 1.52% $6

1500 $ 158,271 6.08% $9 $ 119,299 2.86% $4

3200 $ 149,203  5.55% $4 $ 115,985 2.61% $2

10. Conclusions
We have used a HPM to assess the impact of the construction and opera-
tion of the first Heavy Rail Transit (HRT) in the Caribbean, located in 
San Juan, Puerto Rico. Following much of the past literature, a regression 
analysis is conducted with sales price data pooled for the combined con-
struction and operation time period (1997 to 2008). These results indicate 
that distance to the HRT has only a moderate, but nonetheless, statisti-
cally significant effect on housing sale prices. However, the composite 
time period implicit price coefficient for distance to the HRT is less than 
half the size of the implicit price coefficient associated with just the 
operation phase. This reduction in implicit price during the composite 
time period appears due to the insignificant implicit price for the HRT 
associated with the construction phase alone. A one percent decrease in 
distance to the HRT raised house sale prices by 7.8% during the operation 
phase, as compared to 3.7% during the construction and operation phas-
es combined. During the operation phase, we found, at the means of the 
data, that house prices rose by $7 for every meter closer a house was to 
the HRT station. In contrast, the implicit price was less than half or $3 
per meter during the time period that combined construction and opera-
tion phases. These findings are consistent with Chernobai et al.’s (2011) 
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results that there was no statistically significant effect on home prices 
with the announcement of a new 10-lane highway, and the largest price 
premium did not occur until the highway was completed.  Thus, estimat-
ing the benefits of an HRT or other large public works projects by using 
data pooled over the construction and operation phase may underestimate 
the benefits or even show no statistically significant effect (as in some 
past studies) when the project construction is expected to be of long dura-
tion and there is some uncertainty regarding how much of it will actu-
ally be operational. 

Our empirical findings contrasting construction and operation suggest 
that large projects with lengthy construction periods, particularly when 
undertaken by governments with a poor track record, may not result in 
rapid capitalization of future benefits. Further, the inconvenience during 
the lengthy construction period may be quite high and negate some or all 
of the expected price premiums. However, once completed, residential 
unit prices in close proximity to the projects increase, since the uncer-
tainty is removed and inconvenience ceases. This was the case in the 
Commonwealth of Puerto Rico, since the government has low credibility 
with its residents due mainly to repeated failures in the construction of 
large-scale public projects and frequent delays of projects due to changes 
in administration. Negative effects during the long construction phase, 
such as noise and traffic disruptions, also seem to have added to the lag 
in capitalization. Thus planners and economists utilizing implicit prices 
from prior hedonic property studies for ex ante project evaluation, should 
be mindful of the possibility of quite different price premiums during the 
construction phase as compared to the operation phase of a public rail 
transit or subway system. Those researchers preparing to undertake an 
ex-post hedonic property study may want to consider estimating the house 
price differentials during construction and operation separately. 
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