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Abstract: The objective of this paper is to examine the off-site benefits, as capitalized into housing values, of protecting 1.6 million acres of Inventoried Roadless Areas (IRAs) in the state of New Mexico, U.S.A. In light of petitions filed by various U.S. states to maintain the status of IRAs as roadless lands, spatial hedonic price models are estimated and used to calculate the implicit value of IRAs in New Mexico. Findings show that a two-stage least squares (2-SLS), robust spatial-lag model is the most appropriate econometric representation of the hedonic price function, and that IRA lands are a significant and positive determinant of house value. After controlling for the presence of Wilderness Areas (WAs) and other characteristics, results indicate that, on average, there is a 5.6% gain in the property value of a house from being located in, or adjacent to, a Census tract with IRAs. In the aggregate, this gain represents 3.5 percent of the value of all owner-occupied units in New Mexico ($1.9 billion in capitalized value, or an annualized value in perpetuity of $95 million, assuming a 5 percent interest rate). .
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I. Introduction Undeveloped, open-space lands, such as Inventoried Roadless Areas (IRAs) and Congressionally-designated Wilderness Areas (WAs) provide a number of non-market benefits to society, which may not be fully accounted for in land management decisions. While the status of WAs is relatively certain,1 the status of IRA lands is tied to Federal agency rulemaking and a protracted political and legal debate, which makes their condition highly uncertain. The 58.5 million acres of IRA lands represent about 7 percent of all forested lands (Berrens et al. 2006), and 30 percent of all National Forest lands in the U.S.; they are often located on the fringe or buffer of many WA lands (USDA 2001a).2 The policy debate over the fate IRAs centers on whether to manage them consistent with Wilderness designation.3 Given the difficulties of measuring the benefits of protecting IRA lands, and the changes that the federal regulations governing IRAs have experienced in the last 15 years, this debate is far from over.



1



By comparison, Wilderness Areas (WAs) total 35 million acres, representing 18 percent all



National Forest land in the U.S. (USDA 2001a) 2



IRAs are defined as Public Forest or Grasslands exceeding 5,000 acres that meet the



minimum criteria for wilderness consideration under the Wilderness Act of 1964 (USDA 2001a). 3



Morton (1999) provides a typology of different benefits associated with wilderness lands,



including on-site recreation, biodiversity conservation, ecological benefits and off-site benefits (and see Loomis and Richardson 2000). 3



As of this writing, a State Petition Rule allows each state to petition the protection of these areas to the United States Department of Agriculture (USDA 2005).4 In New Mexico (NM), Governor Bill Richardson filed a petition in May, 2006, to protect all 1.6 million acres of IRAs in NM (and an additional 100,000 acres in the Valle Vidal unit of the Carson National Forest). This petition and other similar protection-oriented petitions from other states with IRAs rest on the arguments that these lands provide various ecosystem and amenity services, recreation values, and cultural significance, both on-site and off-site on proximal lands, and further that these values would be lost or significantly degraded if commercial activities were allowed on these lands. Nationwide, the IRA policy debate involves questions about the relative values of protection versus development. The state of New Mexico, which has submitted a petition based largely on the non-market environmental benefits that IRAs provide in the state. The purpose of this paper is to investigate whether one type of benefit – off-site benefits accruing to homeowners in proximity to IRAs – is observable as a hedonic premium paid for in housing prices in New Mexico. As a state that is becoming relatively more dependent on role of natural landscapes and amenities, including protected forests and grasslands, within the regional economy (e.g., Berrens et al. 2006; Hand et al. 2008a and b; Rasker et al, 2008), the importance of the 1.6 million acres of IRAs in NM may plausibly lie in their role as protected open spaces. That is, if IRAs provide these non-market benefits, as argued nationally (e.g., Loomis and Richardson 2000), then NM is a place where they should be observable. Since the benefits provided by IRAs do not have explicit market prices associated with them, testing the validity of this argument requires the application of non-market methods 4



These petitions are reviewed by a National Roadless Area Conservation Advisory



Committee (RACAC) that makes recommendations to the USDA as to whether or not the petitions should be accepted (36 C.F.R. § 294.12). 4



(Champ et al. 2003). This study applies a hedonic pricing framework to NM residential housing values by combining the 2000 Decennial Census data with available Geographic Information Systems (GIS) data. Spatial hedonic models are estimated to determine if the density of IRAs has a positive and statistically significant effect on the median price of a home in NM. Results indicate that there is a 5.6% gain in the price of a house from being located in or adjacent to a Census tract with IRAs. In the aggregate, this gain represents 3.5 percent of the value of owner-occupied units in New Mexico ($1.9 billion in capitalized value or an annualized value in perpetuity of $95 million, assuming a 5 percent interest rate).



II. Current Policy Debate The final Roadless Area Conservation Rule, which was designed to protect 58.5 million acres of National Forest land from further road construction and development, was published in the Federal Register before the Clinton administration left office in January, 2001 (USDA 2001a). Shortly thereafter, the Bush administration set aside the rule for further study as part of a White House moratorium on all Federal rules not yet in effect (USDA 2001b). In 2005, the Bush administration published a rule to replace the original Roadless Rule of 2001 (USDA 2005). This replacement rule used existing individual forest plans as the baseline for managing IRAs, with a mechanism for states to petition the U.S. Department of Agriculture (USDA) for state-specific IRA management. Several states submitted or prepared petitions for state-specific IRA rule making.5 During the petitioning period a Federal district judge, in 5



Virginia, South Carolina, and North Carolina submitted petitions that were accepted by the



Secretary of Agriculture (Warner 2005; Sanford 2006; Easley 2006). New Mexico, California, and Colorado prepared petitions, but they have been either not submitted or not considered due to legal uncertainty about the original 2001 rule. Idaho prepared a petition that it planned to submit under the Administrative Procedures Act (Risch 2006). 5



a 2006 lawsuit brought by the states of California, New Mexico, and Oregon, found that the 2005 rule was invalid, thus reinstating the original 2001 Roadless rule (U.S. District Court Northern District of California 2006). On August 12, 2008, Judge Brimmer invalidated the 2001 Roadless Area Conservation Rule for the second time, without making any reference to the State Petition rule (U.S. District Court for the District of Wyoming 2008). As a result of this new ruling, the Forest Service has now been directed by Federal courts in different districts to both follow and also not follow the original 2001 Roadless Area Conservation Rule. A new appeal of this decision is pending in the U.S. District Court for the Northern District of California (U.S. District Court Northern District of California 2008). Clearly, the legal debate over the status of IRAs is far from over. Aside from the legal debates relating to the Roadless Rule of 2001, there is evidence of an economic debate about the role of IRAs in local, state, and regional economies. In a 2001 report to Congress, the Office of Management and Budget (OMB) concluded that prohibiting timber harvest and mining on all IRA lands nationally would cost about $184 million compared to just $219,000 in annual benefits, attributed only to the avoided costs of road building (OMB 2002). Similarly, a study from the U.S. Department of Agriculture’s Forest Service reported that costs from the IRA rule would total about $262 million annually and 4,559 lost jobs, but no economic benefits were quantified (USFS 1996). As stated in a recent law review article (and see discussion in Berrens et al. 2006), Heinzerling and Ackerman (2004, p. 7) note: “How did a rule protecting 60 million acres of publicly owned lands, containing fragile and precious sources of water, wildlife, and plant species, come to look so bad in economic terms? The answer is simple: just ignore most of the good things one wants to protect forests for – both the good things that could comfortably be stated in dollar terms (such as the economic value of a forest for tourism) and the good things that money cannot buy (such as the knowledge that pristine forests are being protected in perpetuity).” 6



The often-contentious debates over public land management in the West are clearly visible in the history of the Roadless rule. For example, the states’ petitions to the USDA for state-specific IRA management indicate the differing role that IRAs are perceived to play in the economies of each state. Idaho, which petitioned to exempt millions of acres from a prohibition on road building, seeks to strike a “careful balance between all of the needs of those who depend on and enjoy IRAs,” (Risch 2006, p. 59). This balance includes classifying a portion of IRAs under a “General Forest” management theme, which allows road building, timber harvesting, and minerals extraction as appropriate activities. Under this management theme, “fish, wildlife, and ecosystem restoration are not necessarily the driving force behind management activities” (Risch 2006, p. 67). Other states, including New Mexico, make an appeal to the importance of tourism and recreation in their states’ economies, the importance of unique natural features that people value, and of the role of IRAs in generating certain ecosystem services. The New Mexico IRA petition, which seeks to manage the state’s IRA lands consistent with the 2001 rule, notes that IRAs “protect watershed health, increase and conserve biodiversity, [and] provide opportunities for outdoor recreation and personal renewal,” (Richardson 2006, p. 6). According to New Mexico’s petition, inter alia, the cost of protecting the $1 billion of wildlife-related spending in the economy outweighs the small (if any) negative impact on the forestry sector (Richardson 2006). New Mexico’s and other states’ petitions suggest that the states have to some degree engaged in a kind of rough benefit-cost analysis of IRA protection in their state, and have taken regulatory and legal action based in part on that analysis. For example, California’s petition claims that preservation “protects both economic and intrinsic values for current and future generations,” (Schwartzenegger 2006, p. 1). Virginia’s petition came down on the side of IRA preservation with a clear appeal to notions of benefit-cost analysis: “economic 7



reasons for prohibiting development activities in roadless areas far outweigh arguments against such a ban,” (Warner 2006, sec. 3.f). Colorado’s petition seeks to exempt ski areas from IRA protection, indicative of the relatively important role of ski areas in Colorado’s tourism economy (Owens 2006). And Idaho’s proposed exemption of 6 million acres (of Idaho’s total 9.3 million acres of IRAs) from road-building prohibitions may reflect a greater dependence on the wood products industry in that state (Risch 2006). This poses the question of whether these apparent benefit-cost analyses or trade-off considerations, and thus the conclusions based on them, are accurate representations of the states’ conditions of public preferences. While a number of studies applying hedonic price models have shown that proximity to open-space amenities is capitalized in the real estate market (e.g., Hand et al. 2007; Schmidt and Courant 2006; Kim and Wells 2005; Phillips 2004; Kim and Johnson 2002; Shultz and King 2001; Phillips 1999; Doss and Taff 1996), little is known about the economic benefits of protecting IRA lands, aside from some “back of the envelope” estimates of the non-market values of IRAs (Loomis and Richardson 2000; and Berrens et al. 2006). Both of these studies apply a benefit transfer technique based on Phillips’ (1999) findings to estimate the impact of IRAs on housing values at a national level (Loomis and Richardson 2000) and in NM (Berrens et al. 2006) 6. Loomis and Richardson (2000) 6



In Phillips (1999), a hedonic price analysis was applied to over 6,148 land sales to isolate



the value of parcels near designated Wilderness areas in Vermont. Results indicate that proximal parcels sold at prices 13 percent higher than otherwise, with a price decrease of 0.8 percent per acre for each kilometer of distance from the wilderness area (Phillips 1999; Loomis and Richardson 2000; and Berrens et al. 2006). To estimate the off-site benefits of IRAs on a national level, Loomis and Richardson (2000) used the Phillips (1999) findings by assuming that the 13 percent estimated for designated Wilderness areas can be applied to 8



estimated that the gain in real local property values is 13 percent compared to 6 percent for NM (Berrens et al. 2000). To provide some background context for the case of New Mexico, Table 1 presents selected measures of economic performance for New Mexico counties with significant IRAs, and counties with little or no IRAs. High-IRA counties appear to be doing well economically, keeping up with and in some cases surpassing non-IRA counties. Growth in real income per capita, non-farm employment, and real earnings per job was faster in IRA counties as compared to non-IRA counties. And while natural resource extraction is relatively more important in IRA counties, growth in employment in service industries was faster in IRA counties. Roadless areas may also play a role in the larger regional economy if the economic performance of one county influences nearby counties (see Khan et al. 2001; Wheeler 2001). In New Mexico, counties with large tracts of roadless land, which are predominately rural and sparsely populated, appear to be increasingly tied to the economy and labor markets of nearby urban areas (Hand et al. 2008a). Earnings flows measure the amount of wages and salaries that are earned in a county that is different from where a worker resides. As shown in Table 1, net earnings flows in IRA counties are positive, about $511 million in 2005, and have increased by about 27 percent since 2001. This suggests that New Mexicans other natural areas, such as IRA lands. Berrens et al. (2006) adjust this estimate to a 6 percent gain in local ranch properties for NM based on the relative scarcity of protected areas in the Eastern U.S. compared to the Western region. More recently, Phillips (2004) updated his original study to cover all property sales in the area from 1987-2002, covering more than 12,000 transactions and 82 towns across southern and central Vermont within 14 kilometers of the NF boundary. A key finding is that towns with adjacency -- designated Wilderness Area acreage within their borders – had a 19 percent higher per acre price than those without. 9



increasingly live in more rural, IRA-dominated counties and commute to proximal urban areas for access to employment opportunities. These descriptive data support a prima facie case that New Mexico’s petition is based on a plausible accounting of the benefits and costs of developing IRAs. However, it remains unclear whether people value IRA-derived benefits to the degree that some Western governors suggest, or whether we can observe any empirical signals of those values at all.7 The remainder of this paper focuses on a piece of this larger benefit-cost analysis question and a particular category of benefit, by investigating whether off-site benefits accruing to homeowners in proximity of IRAs are being capitalized in the housing market in New Mexico. III. Hedonic Empirical Framework In this section, the hedonic models as well as a theoretical discussion on spatialdependence relationships are presented to inform the empirical approach. In hedonic price studies, the hypothesis is that visual or proximal access to some set of environmental amenity and disamenity characteristics gets capitalized into the sales price of the property. The hedonic pricing method decomposes the statistical variation in prices for a heterogeneous good (e.g., residential real estate) to isolate the contribution of individual attributes or characteristics of the good (Taylor 2003). Following Freeman’s (2003) theoretical hedonic 7



Rather than reflecting solely an accounting of public preferences, it is possible that the



petitions represent some other kind of safety perspective, such as a Safe Minimum Standard (SMS) approach to conservation. Randall and Farmer’s (1995, pp 3) “circumstantial” case for conservation suggests that conservation policy be made “on the basis of benefits and costs, but subject always to the constraint that actions we fear we (or future generations of people we care about) will regret are forbidden,”. In this policy framework, benefit-cost analysis plays a role, but not necessarily a decisive role. 10



price framework and using a vector notation, a household’s utility function depends on goods consumed C, housing characteristics S, neighborhood characteristics N and location-specific environmental amenities Q. In particular, the purpose of this paper is to econometrically estimate the housing price function, which is derived from the utility maximization problem (Freeman 2003): (1)



Phj = p(Shj, Nj, Qj),



where h represents an individual house with location j. In the context of this study, the environmental amenity vector Q includes the percentage of IRAs and Wilderness Areas within a Census tract. In this setting, it is assumed that a household in location j faces tradeoffs when choosing the level of, for instance, IRA lands as given by the first order condition:



∂u



∂p j ∂QIRAs = ∂u ∂QIRAs , j ∂C



(2)



In this study, location j corresponds to a Census tract j and since each observation corresponds to a Census tract with a representative house, the h subscript is dropped. The econometric equivalent of equation (1), assuming a log-linear specification,8 is:



ln P = α 0 + βS j + φN j + ηQ j + ε ,



(3)



where ε ~N(0,Ω), and β, φ, and η are the coefficients to be estimated. A. Spatial Econometrics The model specification in equation (3) is perhaps still the most common in applied hedonic studies. However, equation (3) does not address spatially-dependent relationships that emerge when using geographic data (Anselin 1988). In the context of this paper, spatial



8



Other model specifications were tested but due to high degree of multicollinearity (e.g., a



condition number > 30), they are not reported in this paper. 11



dependence arises when the value of a house located in Census tract j is determined by both its own housing and environmental characteristics and the values and characteristics of homes located in neighboring Census tracts. At present, a small but growing number of empirical papers applying the hedonic pricing framework have tested for the presence of spatial-autocorrelation (Kim et al. 2003; Pace and Gilley 1997; Anselin and Lozano-Garcia 2008; Huang et al. 2006; and Brasington and Hite 2005). As one example, Kim et al. (2003) apply spatial hedonic models (e.g. equations 4 and 6, presented below) to estimate the benefits of air quality improvement in Seoul, South Korea and to test for the presence of spatial-autocorrelation. The authors find that the OLS coefficient on nitrogen oxides overestimated the effect of this pollutant on the housing value in the presence of spatial dependence. Moreover, Kim et al. (2003) show that the model that accounts for spatial autocorrelation is preferred to the OLS specification.9 As a second example, Pace and Gilley (1997) draw upon Harrison and Rubinfeld’s (1978) applied-hedonic study for the housing market in Boston to empirically demonstrate the implications of ignoring spatial autocorrelation. Based on a spatial autorregresive model, Pace and Gilley (1997) find that the estimated sum-of-squares errors fall by 44 percent compared to the OLS results estimated in Harrison and Rubinfeld (1978). Moreover, the effect of nitrogen oxides (NOx) levels on housing prices, the variable of interest in the paper, decreases by 38 percent when using a spatial autorregresive model as opposed to a log-linear model. These two papers empirically show that accounting for spatial autocorrelation improves the estimated coefficients and overall results of the respective study.



9



Kim et al. (2003) estimate that the marginal willingness to pay (MWTP) for a 4 percent



reduction in SO2 concentration is $2,333 or 1.4 percent of the mean housing price, using a 2SLS Robust approach to estimate the spatial hedonic model. 12



In this paper, spatial dependence is addressed by estimating two different models: a spatial lag model, and a mixed spatial lag model. The first model is estimated using both a Maximum Likelihood (ML) and a 2-SLS robust approach. The mixed spatial lag model is estimated using the ML technique. In the first spatial model, a vector of house prices observed at other locations is included on the right hand side of the hedonic model, according to (Anselin 1988)10 (4)



ln P = α 0 + ρ priceW ln P + β S + φN + ηQ + ε ,



where W is an nxn matrix that describes the contiguity relationship between spatial units and has non-zero elements wji in each row j for those columns i that are neighbors of location j. For a particular location, this model is represented by the following expression: ln p1 = ρ (w11 p1+w12 p2+w13 p3...+w1n pn)+X1β+ε1, where w11 = 0 and ρprice є[-1,1] is the spatial autoreggresive coefficient to be estimated and represents the effect of housing prices in neighboring Census tracts on the median price in location j. In other words, equation (4) is the analogue of equation (3) but ρprice is not assumed to be equal to zero. In equation (4), the direct effects that structural, neighborhood and environmental characteristics in neighboring Census tract i may have on the price of a house in Census tract j are assumed to be zero. A more general model that introduces these types of spatial correlations is (Anselin 1988): (5)



ln P = α 0 + ρ priceW ln P + β S + φN + ηQ + ρ S WS + ρ N WN + ρ QWQ + ε ,



where ρi (for i = S, N, and Q) is the autoregressive coefficient that corresponds to each explanatory variable and represents the effect of, for instance, housing characteristics (S) in neighboring Census tracts on the median price in location j. The presence of significant 10



While use of a more flexible functional form such as a Box-Cox transformation may be



more appropriate, estimation in the presence of spatial dependence raises a number of methodological issues, which we leave to future research and investigation.



13



spatial lagged coefficients (e.g., ρprice) means that the estimated OLS coefficients in equation (3) would be biased and inefficient due to correlation or endogeneity problems between the lagged dependent variable (WP) and the error term (Anselin 1988), which underlines the importance of testing spatial lag dependence. To correct for this problem, a common solution is to implement an ML or a 2-SLS approach. An important assumption made when using the ML method to estimate equations (4) and (5) is that the error term is normally distributed. A plausible alternative that addresses this potential issue is a 2-SLS method. Since a 2-SLS approach uses an OLS estimation technique, the probability distribution function of the error term is not required, which suggests that the distribution of the error term is not an issue. Moreover, the existence of endogeneity is solved by finding the instruments for the vector of prices on the right hand side of equations (4) and (5). In the empirical literature, it is common practice to use the spatially lagged explanatory variables (e.g., WX), as instruments (Anselin 1988). Given the specific empirical application of this paper, equation (4) can be written in the following way: ^



ln P = α 0 + ρ price W ln P + β S + φN + ηQ + v,



(6) ^



In this equation, W ln P is obtained by using WX as instruments for W lnP, where WX =



[WS WN WQ] (Anselin 1988). As a result, including the spatial lags of the explanatory variables on the right hand side of equation (6) would result in a misspecification of the 2SLS model.11 Based on these models, two marginal effects of interest are estimated: the



11



In the 2-SLS approach, the instruments used to correct the endogeneity problem are the



spatially lagged explanatory variables. In this case, the econometric estimation is divided into two stages. In the first stage, WP is regressed using the instruments mentioned above to ^



^



obtain WP . In this second stage, equation (4) is estimated after substituting WP for WP to 14



marginal effect of a 1 percent change in IRAs and a 1 percent change in WAs on housing prices. These effects can be mathematically expressed as: (7) Log-linear:



∂P =η jP , ∂Q j



(8) Spatial lag:



1 ∂P ] −1 P, =η j[ 1 − ρ PRICE ∂Q j



(9) Mixed Spatial lag:



∂P 1 1 ] −1 ρ j . =η j[ ] −1 P + [ ∂Q j 1 − ρ price 1 − ρ price



In equations (7) through (9), the ηi coefficient is estimated in each of the models presented above and represents the effect that IRAs and WAs in Census tract j have on houses prices located in Census tract j, where j = IRAs or WAs. In the context of this paper, a positive and statistically significant ηIRAs would mean that houses in Census tracts with a higher density of undeveloped IRAs would have a higher market value as compared to houses with lower or no IRAs, ceteris paribus. The ρj coefficient is estimated in equations (4)-(6), and represents the



solve the endogeneity problem arising from housing price effects. Mathematically this can be represented as follow: 1st Stage: WP = ρsWS + ρNWN + ρQWQ + ε. ^



2nd Stage: P = α 0 + ρ price WP + β S + φN + ηQ + v. ^



From the 1st stage estimation, WP = WP + ε . After substituting this right hand side expression for WP in equation (4) and simplifying notation, the equation estimated in the 2nd stage is equivalent to equation (6). As a result, including spatially lagged independent variables on the right hand side of the 2nd stage equation would result in a model misspecification since the instruments would be used twice, first in the estimation of WP (1st stage) and then in the 2nd stage (Anselin 1988). 15



effect that IRAs and WAs in Census tract j have on houses located in neighboring Census tracts, thus accounting for the presence of spatial autocorrelation. The results obtained in the log-linear model (equation 3) that ignores any type of spatial autocorrelation are compared to those of the three spatial-lag model specifications presented above, for which the five closest neighboring Census tracts to location j are used to construct the weight matrix W, for which the average distance is 2.64 miles.12



IV. Data and Hypotheses



In order to estimate equations (3), (4), (5), and (6) we use the 2000 U.S. Census of Population and Housing Information for the state of New Mexico at the Census tract level for the structural and neighborhood variables. 13 This data provides median values for various 12



The weight matrix was constructed using the X-Y coordinates of each Census tract. The



distance between the different Census tracts was calculated using GeoDa software. Other specifications of the weight matrix were computed (i.e. 3, 4, and 6-nearest neighborhoods) but the estimated coefficients were not significantly different from the spatial lag model based on the 5-nearest neighbors. Other alternatives for constructing a weight matrix includes rook criterion (locations sharing a boundary), queen criterion (locations sharing a vertex), and threshold distance. However, given the difference in Census sizes in the sample, these specifications create an uneven number of neighbors. To minimize this issue and ensure an equal number of neighbors across Census tracts, the k-nearest neighbor’s criterion is used. 13



A Census tract is a small, relatively permanent statistical subdivision of a county



delineated by a local committee of Census data users. Designed to be relatively homogeneous units with respect to population characteristics, economic status, and living conditions at the time of establishment, Census tracts average about 4,000 inhabitants (U.S. Department of Commerce 2000). 16



variables for each Census tract, based on responses that individuals gave to the 2000 Decennial Census. For each Census tract the median value for income, number of rooms, house age, number of houses, and house value is reported. In the 2000 Decennial Census a house value is obtained by asking the house owner to state his perceived price at which the house would be sold if it were in the market (Freeman 2003).14 In all, there are 456 Census tracts in New Mexico, which is our number of observations since each location j corresponds to a representative house and a Census tract. The reason for using U.S. Census data relates to New Mexico’s housing sales disclosure laws. New Mexico is one of the few states that does not publicly disclose actual housing market price transactions. In 2004, a law was passed in the New Mexico that for the first time (despite a constitutional requirement for market-based assessments) requires real estate transactions to be filed with the county assessor’s office, aimed at improving tax assessment estimation. However, this information has yet to be publicly accessible (Berrens and McKee 2004, p. 510). Given this restriction, the U.S. Census is the best publicly available source to estimate the effects of open-space amenities on NM housing values. In this paper, the dependent variable is LNHVALUE, which is the natural logarithm of the median price of a house at the Census tract level for owner-occupied homes. The open-space variables, IRAs and WAs, were constructed using GIS and represent the percentage of such lands in a Census tract. For each Census tract, the number of acres of IRAs and WAs are separately divided by the total size of the Census tract to obtain the percentage of inventoried roadless areas (IRAs) and wilderness areas (WAs) within a Census tract. The size of IRA lands in a Census tract ranges from 2 to 423,100 acres and that of WAs 14



Kiel and Zabel (1999) tested the accuracy of this methodology by comparing the actual



market sale price of a house with the price estimated by the owner of that house. The study shows that using Census data to estimate hedonic price functions yield unbiased coefficients. 17



ranges from 2 to 498,600 acres. In percentage terms, IRA values ranges from 58 percent to 0.0033 percent, and WA values from 68 percent to 0.003 percent for a given Census tract. An advantage of measuring IRAs and WAs as a percentage of a Census tract’s total size is that it can be interpreted as a relative measure of open-space access. For instance, while the size of IRA lands in acres in Census tract j is much smaller than that of Census tract i, its size as a percentage of the Census tract’s total size may be larger which implies that the access to such lands would require, on average, lower traveled distance compared to Census tract i. A disadvantage of these measures is that a small Census tract may have the same percentage value as a large Census tract, even though the accessible amount of IRAs may be different in absolute terms. Table 2 lists the summary statistics and descriptions of the dependent and independent variables used to estimate the models presented above. The open-space variables included in the models are IRA lands and Wilderness Areas (WAs). The structural variable S is a vector that includes number of rooms coded as a dummy variable (coded 1 for houses that have number of rooms greater than the average number of rooms in the sample; and 0 otherwise), and age of a house (2000-year a house was built); N is a vector that represents median income level coded as a dummy variable (coded 1 for houses that are located in Census tracts that have income levels higher than the average income level in the sample; and 0 otherwise), number of houses per acre, and size of a Census tract in acres also coded as a dummy variable (coded 1 for Census tracts whose sizes in acres are higher than the average Census size in the sample; and 0 otherwise); and Q is a vector that includes percentage of IRAs and percentage of WAs within a Census tract. We use the empirical models to test several hypotheses about the impact of open space and spatial relationships on housing prices. These hypotheses can formally be expressed as: H1: H0: ηIRAs = 0 and HA: ηIRAs > 0. 18



H2: H0: ηWAs = 0 and HA: ηWAs > 0. H3: H0: ηWAs ≥ ηIRA and HA: ηWAs ≤ ηIRA H4: H0: ρPRICE = 0 and HA: ρPRICE ≠ 0. H5: H0: ρIRA = 0 and HA: ρIRA ≠ 0. H6: H0: ρWAs = 0 and HA: ρWAs ≠ 0. The hypotheses in H1 and H2 pertain to the effect that IRAs and WAs in Census tract j have on the price of houses located in the same Census tract. In particular, the alternate hypotheses in H1 and H2 suggest that IRAs and WAs in Census tract j have a positive and statistically significant effect on the median price of a home located within the same Census tract. Failing to reject these alternate hypotheses would mean that benefits from IRAs and WAs are being capitalized in the price of houses in NM. This finding would provide a measure of support for efforts in New Mexico to manage these lands consistent with wilderness designation and counter arguments that the value of such benefits are near zero (e.g. OMB 2002 report and USFS 1996 report). Hypothesis H3 relates to the geographic location of IRAs relative to WAs. IRA lands are often located on the periphery of WAs (e.g., see the example of the Gila National Forest located in the Southwest of NM). 15 This suggests that IRA lands are commonly the more immediate open-space that a house faces. As a consequence, the ex-ante expectation is for the magnitude of the coefficient on the IRA variable to be larger than that of the wilderness variable. This means that the effect that IRAs have on the housing value is expected to be higher than that of WAs. Hypotheses H4-H6 relate to the effect that changes in housing prices, IRAs, and WAs lands in neighboring Census tracts have on the price of houses located in Census tract j. For instance, failing to reject the alternate hypothesis in H4 would mean that the price of a house 15



A GIS map of the IRAs and Wilderness areas in NM can be found at:



http://roadless.fs.fed.us/states/nm/state3.shtml, accessed July 8, 2008. 19



located in a Census tract j is affected by changes in prices of houses located in neighboring Census tracts. Since in these models IRAs and WAs areas are two different explanatory variables, the impact of IRAs on the housing market can be isolated. Furthermore, since these coefficients allow us to monetarily quantify the additional price that the representative homeowner pays for being close to IRAs and WAs, this study estimates the value that these areas provide to the local communities, separately.



V.



Empirical Results



The estimates of equations (3) – (6) tend to support the general hypothesis that open space measures (IRA and WAs) represent amenities that have a positive impact on median housing prices. Table 3 reports the results for the log-linear and the spatial lag models estimated to test the hypotheses H1 through H5. The coefficients for IRA and WAs are positive and significant at the 1 percent level in all models, suggesting that the null hypotheses in H1 and H2 can be rejected. Moreover, the coefficient for IRA is larger than for WAs in all models, which supports rejecting the null hypothesis in H3. The ρprice coefficient, which measures the effect of neighboring house prices on the median house price in a given Census tract, is positive and significant (models 2 – 4). This indicates that spatial dependence is an important characteristic of the housing market in New Mexico, thus rejecting the null hypothesis; the evidence supports H4. For the log-linear model, the benchmark case, the estimated coefficients for the IRAs and WAs variables are 2.27 and 1.19, respectively. In the spatial-lag models, these estimated coefficients are also positive but their effect on median house price is much smaller compared to the log-linear results. This is due to the inclusion of lag variables, such as ρprice,
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ρIRA and ρWAs, which represent the effect of changes in prices, IRAs, and WAs in neighboring Census tracts on the value of houses in a given Census tract. Another important result that relates to the difference between the log-linear model and the spatial models is the overall effect that changes in IRAs and WAs lands have on housing values. In model 2, housing values in a given Census tract can be affected by a change in its own IRAs and by housing values in neighboring Census tracts (via the ρprice coefficient). In model 3, a given Census tract is affected by the value of IRAs in neighboring Census tracts (via the ρIRA coefficient) and the median housing price in neighboring Census tracts (via the ρprice coefficient). This implies that in the log-linear model the effect of IRAs and WAs lands on housing prices may be underestimated by not accounting for spatial autocorrelation. Calculating marginal effects of changes in IRA and WAs sheds some light on the magnitude of the coefficients estimated in the models. Table 4 displays the marginal WTP for a 1 percent change in the value of IRA and WAs in the log-linear model and the spatiallag models. The marginal WTP for a 1 percent change in the value of IRAs ranges between $2,194 and $2,943, evaluated at the mean house value, which is equivalent to an annualized WTP of $109.7 and $147.15, respectively (assuming a 5 percent interest rate). In the case of hypotheses H5 and H6, estimates of ρIRA and ρWAs are not significantly different from zero, which suggests that we cannot reject the null hypotheses; the evidence does not support H5 and H6. Results indicate that while marginal changes in neighboring house prices affect the price of the median house in a given Census tract (i.e., null hypothesis is rejected in H4), marginal changes in IRA and WAs in neighboring Census tracts have no direct impact on house prices. In terms of model specification, four statistical tests suggest that the spatial-lag models (models 2 and 3) are preferred to the log-linear model. The presence of spatial dependency is statistically significant as evidenced by the Lagrange Multiplier (LM) tests (LM-lag, and 21



LM-error values) and the z-score of the ρprice coefficient (i.e. null hypothesis in H3 is rejected). The LM-lag test has a χ2 distribution and tests for the presence of spatial lag dependence in the hedonic OLS model in which the null hypothesis is that ρprice = 0 (i.e. there is no spatial lag dependence) and the alternative hypothesis is ρprice ≠ 0 (Anselin 1988). Another type of spatial autocorrelation is spatial error dependence. In this case the model is: P = Xβ + ε , where ε = λW + μ . However, based on the spatial diagnostics tests reported in Table 3, the estimation of the spatial error model is not necessary. While the LM-error test is significant in the hedonic OLS model, after introducing the spatial effect (e.g., ρprice), the spatial dependence error is no longer statistically significant. The Akaike’s information criterion (AIC)16 values reported for each model also suggest that models 2 and 3 are superior specifications to the log-linear model. However, while these models are better specifications of the hedonic price equation than the log-linear model, there still may be endogeneity problems as a result of including a price vector as an explanatory variable (Anselin 1988) as well as heteroskedasticity problems (e.g., the Breusch-Pagan (BP) test in the first three models indicate the presence of heteroskedasticity). To address these issues, a robust 2-SLS approach is used to estimate the spatial-lag model as opposed to a ML approach. Based on the z-values reported for the 2-SLS coefficients, the evidence supports hypotheses H1-H4. A.



Aggregate Benefits of IRA Lands in New Mexico In order to understand the policy implications of the results found in this paper, it is



necessary to estimate the total capitalized benefits of IRA lands in the New Mexico housing 16



AIC = -2*(log-likelihood)+2*K, where K is the number of parameters to be estimated



including the constant term. The interpretation is that the lower the AIC value the better the model specification. In this case, R2 would not be a valid goodness of fit measure to compare the models, given that for the spatial-lag models a pseudo R2 measure is reported.
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market. Using the results reported in the 2-SLS robust model (equation 6), a thought experiment is proposed where the effect on total housing value of eliminating all IRA lands in NM is estimated. Estimating the impact of such a change allows calculation of the total value of IRAs in their current status of roadless lands.17 Following the framework in Kim et al. (2000), an aggregate value of IRAs is estimated. The first step is to write equation (4) in its reduced form as follows: P = [ I − ρ priceW ] −1 Xβ + [ I − ρ priceW ] −1 ε ,



(4’)



where, for ease of presentation, the logged price is dropped and the different explanatory variables included in this model are represented by the vector X. Letting v = [ I − ρ priceW ] −1 ε and A = [ I − ρ priceW ] −1 , equation (4’) becomes: P = AXβ + v



(4’’)



In matrix form, equation (4’’) can be written as follows:



(11)
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a11, a12,



, a1n



x11, x12,
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x21, x22,



, x2k
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= Pn
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* an1,
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* xn1,



, xnk
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A back-of-the-envelope calculation would be to use the average level of IRAs (0.008



percent), the implicit price in the 2-SLS model ($2,654) and the average housing value ($111,461) to calculate the aggregate value that IRA lands have in the housing market in NM. However, this approach would not take account of differences in the percentage of IRAs, Census tract size, density of housing units, and differences in median home values. 23
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' Letting X IRAs be a column vector (n x 1) that represents the density of IRAs in the different



' is defined as follows: Census tracts, the derivate of P with respect to X IRAs



(12)



∂P = ' ∂X IRAs



∂P1/ ∂x1,IRAs, ∂P1 / ∂x2,IRAs,



, ∂P1/ ∂x456,IRAs



∂P2 / ∂x1,IRAs, ∂P2 / ∂x2,IRAs,



, ∂P2 / ∂x456,IRAs



∂P456 / ∂x1,IRAs, ∂P456 /∂x2,IRAs,



, ∂P456 / ∂x456,IRAs



In this matrix, row j shows the impact that a marginal change in IRAs density in Census tract



j (direct effect) and neighboring Census tracts (spillover effect) has on the housing price with location j. This means that the price of a house in Census tract j is not only affected by changes of IRAs density in Census j but also affected by changes of IRAs density in neighboring Census tracts (due to spatial autocorrelation). For instance, the first row shows the direct effect on housing prices located in Census tract 1 (∂P1/∂x1,IRAs) and the spillover effects on housing prices located in Census tract 1 (∂P1/∂x2,IRAs, …, ∂P1/∂x456,IRAs). Based on equation (11), the marginal effect of a change in IRAs density can be expressed as:
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= β IRAs [ I − ρ W ] −1
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, ßIRAsann 24



where W is a row-standardized weight matrix, [ I − ρ priceW ] −1 =



1 1 − ρ price



(Kim et al. 2003),



βIRA = 1.58, and ρprice= 0.429 (from the 2-SLS model). In the context of this thought experiment, the direct effect of eliminating IRAs on the value of houses located in Census 456



tract 1 is given by βIRAsa11, and the aggregate indirect effect is



∑β i =2



IRAs



ai , IRAs .



Note that Census tracts that do not currently have IRAs will have no direct effect on house prices because IRAs are already zero in these locations. In NM, 43 out of the 456 Census tracts have IRAs, representing 2 percent of the total land and 17 percent of the national forest land in the state (USDA 2000).18 As an example meant to illustrate how we calculate aggregate benefits for the entire state, Table 5 shows the effect of eliminating IRAs on houses located in Census tract 360. This Census tract is located in Sierra County in the southwest of NM. Its size is 2.7 million acres, which represents 98 percent of Sierra County’s total size. The total number of owneroccupied housing units is 2,014 with a median house value of $108,400. The total number of IRA lands is 128,654 acres, which represents almost 5 percent of the total size of the tract, and they are part of the Gila National Forest. Each row in Table 5 represents the marginal effect of eliminating all IRAs in Census tract 360 and in its neighboring Census tracts on the value of houses located in Census tract 360. In this table two types of effects are reported, direct and indirect effects (spillover effects). In this empirical exercise, direct effects refer to the impact that changes in IRA levels in Census
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NM counties with IRA lands are Catron, Cibola, Eddy, Grant, Harding, Hidalgo, Lincoln,



Los Alamos, McKinley, Mora, Otero, Rio Arriba, Sandoval, San Miguel, Santa Fe, Sierra, Socorro, and Taos (USDA 2000). 25



tract 360 has on house prices in the same Census tract while indirect effects is the impact on house values in Census tract 360 of eliminating IRAs in its neighboring Census tracts (e.g., 376, 391, and 375). These two different marginal effects are calculated in the following way: Direct Marginal Effect = IRAi * HVALUEi *



(8)



∂Pi ∂X i , IRA



and, (9)



Indirect Marginal Effect = IRA j * HVALUEi *



∂Pi ∂X j , IRA



where, i = Census tract 360 and j = Census tracts 376, 391, and 375. Since only decreases in IRAs are evaluated in this example, the dollar amounts that appear in Table 5 can be interpreted as the marginal willingness to accept (MWTA) to eliminate IRAs in Census tracts 360 and in its neighboring Census tracts. Based on the fifth column, the aggregated direct effect is $16.9 million compared to $18.9 million for aggregated indirect effects.19 In the aggregate, such a change would translate into a 16 percent loss in the value of housing in Census tract 360 given that their current total housing value is $218.3 million (($16.9+$18.9)/$218.3 = 16.3 percent). The importance of estimating models that account for spatial autocorrelation is supported by these results since indirect effects represent 53 percent of the total effect on house values in Census tract 360, which would have been otherwise ignored. Table 6 shows the aggregate MWTA of eliminating all IRAs in NM. Based on the numbers reported in the table, the aggregate loss in housing value in NM of such a change would represent 3.5 percent of the aggregate value of owner-occupied units. Notably, 34 percent of this loss is explained by spillover effects, which highlights the significance of estimating spatial-lag models as opposed to the traditional non-spatial models. This estimated 19



These numbers are calculated by multiplying the marginal effects in the fourth column by



the number of owner-occupied units in Census tract 360. 26



effect of IRAs on the housing market in NM is about one-fourth (27 percent) of the 13 percent impact that proximity to wilderness has on housing values in Vermont as reported in Phillip (1999).20 This is in line with Loomis and Richardson’s (2000) findings that various estimates of recreation use values per acre in the West range are typically only about onefourth of comparable Eastern value estimates, and that estimated passive use values per acre in the West are only about two-thirds the magnitude of comparable Eastern values.



VI. Conclusion



This paper represents the first attempt to econometrically estimate the value of IRA lands in NM using a spatial hedonic pricing approach. In light of the ongoing national debate about the future of nearly 60 million acres of IRA lands, this paper provides evidence of the importance of better understanding the monetary benefits of IRAs as they currently exist. After controlling for median housing and neighborhood characteristics, and the separate effect of Wilderness Areas, the percent of IRA lands in a Census tract have a positive and statistically significant effect on median home values in all estimated models. From a policy perspective, these 1.6 million acres of protected IRA lands provide about 3.5 percent of the total housing value in NM. This result is consistent with recent evidence in the Southwestern U.S of strong amenity effects in the regional economy including in-migration, property values, and labor market outcomes (e.g., Hand et al. 2008a and 2008b). Non-market benefit
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This is also roughly consistent with the Loomis and Richardson’s (2000) summary



findings that various estimates of recreation use values per acre in the West range are typically only about one-fourth of comparable Eastern value estimates, and that estimated passive use values per acre in the West are only about two-thirds the magnitude of comparable Eastern values. 27



estimates, as part of a more comprehensive benefit-cost analysis, can be an important informational input in any major regulatory action (e.g., Arrow et al. 1996), including public lands management (Loomis 2002). As such, these results suggest that not accounting for such benefits (e.g., off-site benefits) would significantly underestimate the value society places on these lands. Such off-site benefits are components of the larger bundle of ecosystem services that protected lands may offer (Loomis and Richardson 2000; Berrens et al. 2006). From an econometric perspective, the results of this paper provide further evidence on the importance of spatial considerations in non-market valuation techniques such as hedonic price functions. Based on the empirical framework of Anselin (1988), this paper finds that spillover effects represent 34 percent of the total impact, which in the traditional log-linear regression are assumed to be zero.
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