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Abstract: Recent research finds evidence that improvements in rural natural 

amenities can increase median household income in communities close to the 

amenities. In this paper, a simple theoretical model is sketched out as an explanation 

of a hypothesized underlying mechanism: improvement in natural amenities can 

induce skill sorting across rural communities. Using community-level data in the 

state of Oregon before and after a large federal land conservation program was 

implemented, we test this hypothesis along with several competing mechanisms. 

Our empirical results support the hypothesized mechanism of amenity induced skill 

sorting. Other mechanisms like the out-migration of the low-income population and 

the in-migration of the elderly population are not supported.   
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1. Introduction 

Policies that enhance regional amenities – such as land conservation – may 

interact with local communities in ways that significantly alter welfare and key 

metrics of regional economic growth. Amenity improvements can increase welfare 

for existing residents (Klaiber and Phaneuf 2010) and influence migration rates by 

inducing people to move to the locales that have higher amenities (Roback 1982). 

Amenities that come with restrictions on the use of land for commodity production 

like timber can reduce employment in those sectors (Eichman et al. 2010). In a 

study of the U.S. federal government’s Northwest Forest Plan (NWFP) in the U.S. 

state of Oregon, a large-scale forest conservation plan, Chen et al. (2016) find that 

implementation of the NWFP led to faster long-run growth in median household 

income in communities close to the protected land. Since amenity preservation is 

costly for governments and NGOs, it is important to assess the various economic 

consequences of policies that create local and regional amenities. 

In this paper, we hypothesize and empirically test an underlying mechanism for 

how amenity preservation could increase median community income. We start with 

a simple theoretical model to depict the microeconomic aspects of the problem, and 

then generate empirically testable hypotheses. We propose that a relative 

improvement in a region’s natural amenities can attract more high-skilled workers 

into rural communities that received the improvement. For the empirical case of the 

NWFP, we hypothesize that the higher growth in median household income in 

communities close to protected forestland arises from an increase in workers in 

high-skilled occupations in those same communities. We then apply a post-

matching fixed effects regression on community-level occupation data and find 

supporting empirical evidence for our main hypothesized mechanism. Two 

alternative mechanisms may also generate faster growth in median household 

income – in-migration of a more affluent elderly population or out-migration of 
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low-skilled workers or low-income population in response to increased housing 

prices. However, neither of these alternative explanations are supported by the 

empirical evidence. 

This paper relates to the existing literature on the role of amenities in the 

migration decisions of high-skilled workers. To date, many studies have found that 

amenities are more important for high-skilled workers (Adamson et al. 2004; 

Brasington and Hite 2005; Buch et al. 2017; Carlino and Saiz 2019; Cullen and 

Levitt 1999; Dalmazzo and de Blasio 2011; Lee 2010; McGranahan et al. 2011). In 

a recent article, Carlino and Saiz (2019) find that highly educated individuals are 

disproportionately attracted to beautiful cities. Lee and Kim (2019) find similar 

results in Korea. As more high skilled workers move into a region, they bring about 

positive externalities that can generate more desirable urban amenities in the region, 

as discussed in Glaeser and Saiz (2004) and Diamond (2016). However, all these 

studies focus on skill sorting in urban areas where natural amenities are blended 

with urban amenities and dwarfed by the strong agglomeration forces captured by 

labor market characteristics (Arntz 2010; Brown and Scott 2012; Liu et al. 2017; 

Buch et al. 2017). Most of these urban-based studies disproportionally measure 

natural amenities in terms of climate and topographic variables. McGranahan et al. 

(2011) is the only study with a non-metropolitan context, and they include the 

influence of public conservation land as an amenity, finding no impact on growth 

of the creative class. In this study, we extend this literature by developing a new 

theoretical model applicable to a rural setting, and including a difference-in-

differences analysis of a large federal land conservation policy as a source of natural 

amenity. More importantly, to the best of our knowledge, no study has conducted 

causal inference about the impact of natural amenities on skill sorting. The non-

metropolitan context in this study allows us to abstract away from theoretical 

modeling of agglomerative forces and the consequent urban amenities, thereby 
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allowing us to focus on the causal impact of rural natural amenities on skill-based 

sorting.  

This paper also contributes to a broader discussion about the regional impact of 

land conservation and other rural amenities. On the one hand, there is concern that 

land conservation restricts development opportunities (Anderson and Weinhold 

2008) and reduces local employment in resource-extractive sectors (Eichman et al. 

2010). On the other hand, some studies find that places with conservation lands 

enjoyed higher income growth (Lorah and Southwick, 2003; Rasker, 2006; Chen 

et al. 2016) and more business establishments (Walls et al., 2020). There are also 

studies that find no significant employment impacts of conservation lands (Lewis, 

Hunt and Plantinga 2003; Jakus and Akhundjanov 2018, 2019).  In this paper, 

instead of focusing on the overall regional impact of land conservation, we try to 

identify the specific mechanism that conservation may generate on the observed 

amenity-driven income growth. More importantly, this allows us to identify the 

potentially differentiated impacts on different individuals in a rural context. As an 

application, we focus on the implementation of the NWFP and examine its impact 

on skill sorting among small-/medium-sized cities and census designated places in 

Oregon. The results show that the implementation of NWFP has increased both the 

absolute number and the relative share of workers in high-skilled occupations in 

nearby communities. An accompanying increase in the absolute number of workers 

in low-skilled occupations is significant both economically and statistically. 

However, results fail to reject the null hypothesis that the relative share of low-

skilled occupations remains unchanged.  Identification of the underlying 

mechanism, along with the unequal effects on different subpopulations, are 

important for policy discussions about land conservation, local development and 

their distributional impacts.  
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2.  A Model of Natural Amenity-induced Skill Sorting 

In this section, we adapt the model of Banzhaf and Walsh (2008) to investigate 

natural amenity-induced skill sorting among places in a rural context. Because 

places (cities or census designated places) are smaller in area and closer in space 

than cities, it can be common for workers to reside in one place while working in 

another. This feature is different from the existing studies on urban settings. When 

big metropolitan areas are the spatial unit of analyses, it is more likely for workers 

to reside and work in the same metro area. This difference between residence and 

work location is incorporated into the following theoretical model.   

The economy consists of 𝐾𝐾 communities that differ in the quality of their 

amenities, denoted as 𝐺𝐺𝑘𝑘 (𝑘𝑘 ∈ {1, 2, … ,𝐾𝐾}). Each community has two firms. One 

firm applies a constant returns-to-scale technology that transforms labor into a 

consumption good traded on the national market. The other firm produces housing 

using a continuous housing supply function 𝑆𝑆𝑘𝑘(𝑝𝑝).  

There is a continuum of workers (𝑖𝑖 ∈ 𝐼𝐼) who differ in their skill levels 𝛼𝛼. A 

worker with higher skill 𝛼𝛼 is more productive. The distribution of worker 

characteristics is represented by a distribution of 𝛼𝛼 following a continuous density 

function 𝑓𝑓(𝛼𝛼). Workers can freely migrate between communities. Denote the 

population living in community 𝑘𝑘 as 𝐼𝐼𝑘𝑘 ⊂ 𝐼𝐼. A worker derives utility from the 

natural amenity in the community they live in (𝐺𝐺𝑘𝑘), the consumption of a private 

good (𝑥𝑥𝑖𝑖) and a fixed amount of the local housing good (ℎ𝑖𝑖 ≡ 1). The preference 

of a worker is represented by a utility function 𝑈𝑈𝑖𝑖(ℎ𝑖𝑖 , 𝑥𝑥𝑖𝑖,𝐺𝐺𝑘𝑘;𝛼𝛼𝑖𝑖) which is strictly 

quasi-concave and twice differentiable in its arguments. Moreover, (𝑈𝑈𝐺𝐺 ,𝑈𝑈𝑥𝑥,𝑈𝑈ℎ) >

0, (𝑈𝑈𝑥𝑥𝑥𝑥,𝑈𝑈𝐺𝐺𝐺𝐺) < 0. Each worker in-elastically supplies one unit of labor in 

exchange for wage income. It is possible for the worker to reside in community 𝑘𝑘  

but work in a different community 𝑘𝑘′ in exchange for the wage income in the 

community they work in, denoted as 𝑤𝑤𝑘𝑘′(𝛼𝛼𝑖𝑖). A worker 𝑖𝑖 characterized by 𝛼𝛼𝑖𝑖 
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maximizes their utility with respect to the budget constraint: 𝑥𝑥𝑖𝑖 + 𝑝𝑝𝑘𝑘ℎ𝑘𝑘 = 𝑤𝑤𝑘𝑘′(𝛼𝛼𝑖𝑖) 

and chooses their preferred community k by maximizing utility subject to their 

budget constraint: 

(1) max
𝑥𝑥𝑖𝑖≥0,ℎ𝑘𝑘≥0
𝑘𝑘,𝑘𝑘′∈{1,…𝐾𝐾}

𝑈𝑈𝑖𝑖(ℎ𝑘𝑘 ,𝑥𝑥𝑖𝑖,𝐺𝐺𝑘𝑘)    subject to  𝑥𝑥𝑖𝑖 + 𝑝𝑝𝑘𝑘ℎ𝑘𝑘 = 𝑤𝑤𝑘𝑘′(𝛼𝛼𝑖𝑖) 

Because of free mobility and the assumption that a worker may live and work in 

different communities, the wage rate for each skill level should be equal across 

communities in spatial equilibrium, that is, 𝑤𝑤𝑘𝑘(𝛼𝛼) = 𝑤𝑤(𝛼𝛼) for all 𝑘𝑘 ∈ {1, …𝐾𝐾} and 

𝛼𝛼. Because the production technology for the consumption good is constant returns 

to scale, the wage rate should be equal to the marginal productivity 𝑤𝑤𝑘𝑘(𝛼𝛼) = 𝛼𝛼 for 

all 𝛼𝛼. Substituting in the budget constraint and fixed land consumption for housing, 

the indirect utility of a worker with productivity 𝛼𝛼 living in a community with 

housing price 𝑝𝑝 and natural amenity 𝐺𝐺 can be expressed as: 

(2) 𝑉𝑉�𝐺𝐺𝑘𝑘 ,𝑝𝑝𝑘𝑘 ,𝑤𝑤(𝛼𝛼)� = 𝑈𝑈(1, w(𝛼𝛼) − 𝑝𝑝𝑘𝑘 ,𝐺𝐺𝑘𝑘). 

Assume the marginal value of the natural amenity is non-decreasing in wage 

income (𝑉𝑉𝐺𝐺𝐺𝐺 ≥ 0), that is, other things equal, the willingness-to-pay for an amenity 

improvement for workers with higher income (or skill) is no less than the 

willingness-to-pay for workers with lower income (skill). This assumption also 

stipulates the trade-off between the natural amenity 𝐺𝐺 and consumption of the 

numeraire good. Ceteris paribus, as worker productivity increases, worker income 

increases and the worker is willing to give up more of the private consumption good 

for one unit increase in natural amenities. That is the slopes of the indifference 

curves in the (𝐺𝐺,𝑝𝑝) space 𝑀𝑀(𝐺𝐺,𝑝𝑝;𝛼𝛼) are monotonically increasing in 𝛼𝛼:   

(3)  𝜕𝜕𝑀𝑀(𝐺𝐺,𝑝𝑝;𝛼𝛼)/𝜕𝜕𝛼𝛼 > 0. 

Eq. (3) implies that the indifference curves have the well-known single-crossing 

property. As a result, the sorting equilibrium can be characterized by three 

properties: boundary indifference, stratification, and increasing bundles.   
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For simplicity, consider the case of three communities ordered by the level of the 

natural amenity 𝐺𝐺1 < 𝐺𝐺2 < 𝐺𝐺3. Boundary indifference implies that the worker on 

the border of the two adjacently-ranked communities should be indifferent between 

the two communities: 

(4) 𝛼𝛼�𝑘𝑘 = �𝛼𝛼|𝑉𝑉�𝐺𝐺𝑘𝑘 ,𝑝𝑝𝑘𝑘 ,𝑤𝑤(𝛼𝛼)� = 𝑉𝑉�𝐺𝐺𝑘𝑘+1,𝑝𝑝𝑘𝑘+1,𝑤𝑤(𝛼𝛼)��, for 𝑘𝑘 ∈ {1,2}, 

where 𝛼𝛼�1 and 𝛼𝛼�2 specify the boundary worker productivity between the three 

communities. The increasing bundle property implies: 

(5) 𝛼𝛼�𝑘𝑘 < 𝛼𝛼�𝑘𝑘+1 ⇒ 𝑝𝑝𝑘𝑘 < 𝑝𝑝𝑘𝑘+1 𝑎𝑎𝑎𝑎𝑎𝑎 𝐺𝐺𝑘𝑘 < 𝐺𝐺𝑘𝑘+1. 

The stratification property implies that workers in community 𝑘𝑘 have skill level: 

(6) 𝛼𝛼�𝑘𝑘−1 ≤ 𝛼𝛼 ≤ 𝛼𝛼�𝑘𝑘 , 

with 𝛼𝛼�0 = −∞ and 𝛼𝛼�3 = +∞. In equilibrium, the community housing market 

clears. Because each worker consumes a fixed amount of housing, the housing 

market clearing condition is:  

(7) 𝐼𝐼 ∫ 𝑓𝑓(𝛼𝛼)𝑎𝑎𝛼𝛼𝛼𝛼�𝑘𝑘
𝛼𝛼�𝑘𝑘−1

= 𝑆𝑆𝑘𝑘(𝑝𝑝𝑘𝑘)    for 𝑘𝑘 ∈ {1,2, …𝐾𝐾}, 

Without loss of generality, assume 𝐾𝐾 = 3 and the total population of the three 

communities is fixed.  Consider how a relative improvement in the natural amenity 

in community 2, as compared to the other communities, affects the skill levels in 

community 2. If the improvement is big enough to raise the ranking of community 

2, the increasing bundle property and the stratification property at the equilibrium 

imply that community 2 will have higher skilled workers in response to the amenity 

improvement.  

Continuing to assume K=3, now consider a similar amenity improvement in 

community 2 that is insufficient for a change of ranking, in which case the analysis 

becomes more involved. The improvement in natural amenity 𝐺𝐺2 makes 

community 2 more attractive. The direct welfare improvement due to the increase 

in  𝐺𝐺2 can be captured as 𝑉𝑉𝐺𝐺�𝐺𝐺2,𝑝𝑝2,𝑤𝑤(𝛼𝛼)�. As community 2 becomes more 
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attractive, land demand in community 2 increases due to changes in both the upper 

(𝛼𝛼�2) and lower (𝛼𝛼�1) boundary. Housing price (𝑝𝑝2) increases accordingly. The price 

increase in community 2 may have heterogeneous impacts on workers with 

different skills.  The convexity of preferences implies that the same change in 

housing price affects lower skilled workers more severely than those with higher 

skills. Finally, there is cross community competition. For workers close to skill 

level 𝛼𝛼�2, the upper boundary of community 2, they need to consider the change in 

the price in community 3 (𝑝𝑝3), because worker relocation changes demand in 

community 3.  Similarly, workers close to skill level 𝛼𝛼�1 need to consider the change 

in the price in community 1 (𝑝𝑝1). These price changes affect household location 

decisions and land demand in the communities. The new equilibrium will again 

have the aforementioned properties but with a different set of boundaries (𝛼𝛼�1,𝛼𝛼�2) 

and a different set of prices. After considering these complications, it can be shown 

that an improvement in natural amenities 𝐺𝐺2 will shift the upper bound 𝛼𝛼�2 upward 

by attracting more skilled workers into community 2. The impact on the lower 

bound 𝛼𝛼�1 is indeterminate depending on the magnitude of the price effect. These 

results can be summarized in the following propositions (see Appendix for detailed 

proofs): 

Proposition 1: 𝑎𝑎𝑝𝑝2 𝑎𝑎𝐺𝐺2⁄ > 0: A relative amenity improvement in community 2 

increases housing price in that community. 

Proposition 2: 𝑎𝑎𝛼𝛼�2/𝑎𝑎𝐺𝐺2 > 0: A relative amenity improvement in community 2 

attracts workers with higher skill levels into that community. 

Proposition 3: 𝑎𝑎𝛼𝛼�1/𝑎𝑎𝐺𝐺2 is indeterminate: A relative amenity improvement in 

community 2 may either encourage or discourage in-migration of low-skilled 

workers into that community.  

In summary, this simple theoretical model shows that an improvement in the 

natural amenity of a community increases the housing price in that community. The 
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increase in housing price is more detrimental to lower skilled workers with lower 

income as compared to the higher skilled workers with higher income. As a result, 

higher-skilled workers are attracted into the community. The net impact on low 

skilled workers depends on the relative strength between the pull factor of amenity 

improvement and the push factor of increased housing price. The testable 

hypothesis from this theoretical model is that an improvement in a community’s 

natural amenities will attract more high-skilled workers into the community, while 

its impact on low skill workers is indeterminate. The following sections will focus 

on the empirical test of this causal inference using a difference-in-differences 

analysis of the NWFP as an amenity shock.  

3. A Case Study of the Northwest Forest Plan 

3.1. Data and research design considerations 

We use two-period community-level panel data in a difference-in-differences 

analysis of the effects of an amenity shock – the Northwest Forest Plan (NWFP) – 

on community skill composition in the state of Oregon, USA. The NWFP of 1994 

induced restrictions on the use of over 11 million acres of federal timberland, 

including lands managed as National Forests and lands managed by the Bureau of 

Land Management. The restrictions had the effect of sharply reducing timber 

harvests on federal land over 11 million acres of land set designated as protected 

forest, classified with categories such as “late successional reserves”, “riparian 

reserves”, etc. While the NWFP was officially implemented in 1994, the first 

injunction against timber sales from the Pacific Northwest was issued in 1989 and 

motivated by the well-known Spotted Owl listing under the federal Endangered 

Species Act. After several additional injunctions and heated political debates, the 

NWFP was developed early in the Clinton Administration. For our analysis, we are 
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treating the protected forests in the NWFP as a relative amenity improvement that 

occurs after implementation in 1994.1  

For our difference-in-differences design, we define the pre-treatment period (𝑡𝑡 =

0) using 1980 census data which was well before the NWFP. The post-treatment 

period (𝑡𝑡 = 1) comprises the 2010 census data and occurs well after the NWFP was 

implemented. The 1990 and 2000 census are excluded because this was the decade 

in which immediate and potentially large employment adjustments from the NWFP 

occurred. Our long-difference structure allows us to focus on the long-run amenity-

driven adjustment in occupation compositions realized through the slow and costly 

migration process. We study rural communities and only include cities and census 

designated place with population no larger than 20,000 persons during the study 

period. The data description along with the data sources are summarized in Table 

1.  

TABLE 1─ VARIABLE DEFINITION AND DATA SOURCES 

Variable Definition (unit) Source 
Outcome Variables 

 

High skill level workers in high-skilled occupations 
(persons) 

Census 

High skill share high-skilled workers/total workers (%) Census 
Low skill level workers in low-skilled occupations (persons) Census 
Low skill share low-skilled workers/total workers (%) Census 

Age 65+ population aged 65 and above (%) Census 
Bachelor population with 4-year college degree (%) Census 

No diploma population without high school diploma (%) Census 
Poverty population in poverty (persons) Census 

Independent Variables 
 

Occupation mix occupation mix growth rate (%) Census 
Industry mix industry mix growth rate (%) Census 

 
1 The implementation of the NWFP entails a large reduction in extractive management on government-owned forestland. 

This land preservation program can improve the natural amenities on those protected forest lands by restricting extractive 
uses and leaving more standing trees. Compared to places with unprotected natural amenities and continuing urbanization 
pressure, the implementation of NWFP creates a relative amenity improvement. 
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Hispanic Hispanic American population (%) Census 
Native Native American population (%) Census 
Asian Asian American population (%) Census 
Black African American population (%)  Census 

Mill closure Number of timber mill closures ODF 
NWFP =1 if nwfp_distance≤5 miles REO 

Note:  
          Census: 1980 census and the 2006-2010 American Community Survey. 
          ODF is Oregon Department of Forestry. 
          REO is Northwest Forest Plan Regional Ecosystem Office. 
          Occupation (industry) mix are indices constructed by summing the products 
of occupation (industry) shares and the corresponding national U.S. growth rates 
(see Partridge et al., 2012). 

 

To measure the outcome of amenities on skill sorting, we focus on the NWFP’s 

impact on the composition of workers in occupations with different skill needs: 

particularly on the high- and low-skill occupations. The occupation data refers to 

the occupation for the civilian employed population 16 years and over. Following 

Autor (2010), managerial, professional and technical occupations are considered 

high-skill occupations; protective service, food preparation, janitorial/cleaning, 

personal care/service are low-skill occupations; and all other occupations 

(including sales, office/administration, production and operators) are considered 

medium skill. The use of occupation data is in contrast to the commonly used 

industry data in the existing literature (Buch et al. 2017; Arntz 2010; Dorfman et 

al. 2011; Fallah et al.  2014). We focus on the location choice of local workers with 

different skill levels while the existing literature focuses on the location choice of 

industries. According to the Bureau of Labor Statistics (2018), “occupation 

classification reflects the type of job or work that the person does, while the industry 

classification reflects the business activity of their employer”. Therefore, we 

believe skill classification based on occupation better captures worker skill and fits 
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the research purpose in this paper. As an alternative measure, we also use the share 

of population without a high school diploma (No diploma).  

The treatment variable is defined as a dummy variable (NWFP) that indicates 

whether a community is within a five-mile radius of the protected NWFP land.2 

This distance may be correlated with observable and unobservable drivers of local 

economic factors because of the potentially endogenous selection of the 

conservation siting under the NWFP (Chen et al., 2016). For instance, protected 

forest land under the NWFP may be more likely to be placed in locations with little 

market value (Ferraro and Pattanayak, 2006; Jakus and Akhundjanov, 2018, 2019) 

or in scenic locales rich with amenities (Zipp et al., 2017). The use of our binary 

treatment variable allows us to follow advances from the program evaluation 

literature (Imbens and Wooldridge, 2009) and use propensity score matching to 

systematically select good control communities – communities that are not close to 

the protected NWFP land but are otherwise similar to those communities treated by 

being close to the protected land. The data pre-processing through matching follows 

the recommendation of Ferraro and Miranda (2017) with details reported in 

Appendix B. All matched models use post-matching regression on balanced 

samples that were trimmed by matching. 

We construct two sets of balanced control groups created by matching on 

pretreatment characteristics (Chen et al. 2016; Ferraro and Miranda 2017). The first 

matched group of control communities (denoted Matching I) are selected from all 

communities not within five miles of protected forest under the NWFP. One 

concern with Matching I is that, rather than capturing the causal effect of being near 

protected NWFP lands, the estimated treatment effects simply reflect a more 

general trend of moving toward natural amenities regardless of land protection 

 
2 The results in this paper are robust to the choice of radius. Different specifications result in similar estimates.  However, 
the significance on high-skilled occupation ratio disappears if the radius is set too low (<=3 miles) or too high (>=8 miles) 
because around two thirds of the baseline observations are dropped from the matching process. 
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under NWFP. As a robustness check, we construct an alternative control group 

(Matching II) which selects controls from the set of communities that are within 

five miles of other publicly-owned forests that were not protected by the NWFP 

(e.g., state forests). In this way, the only difference between the treatment and 

Matching II control groups is the conservation change due to the implementation 

of the NWFP. This stronger restriction on the similarity between the treatment and 

control groups is achieved at the cost of a smaller sample size. To test the robustness 

of the results, we also construct a balanced subsample for a falsification test. In the 

falsification test, we create a treated group within five miles of other public forest 

lands not protected by the NWFP, and a control group from the set of communities 

that are not within five miles of either protected NWFP lands or other public forest. 

This falsification test examines whether the treatment effect in the post-matching 

models is really due to changes in forest management from implementation of the 

NWFP, or simply an artifact of being close to public forest land. 

Our identification strategy hinges on the specific spatial scale of the amenity 

effects on migration. Unlike occasional tourism visits, the motivation for amenity-

driven migration depends on local access to the amenity – consumption of the 

amenity is weakly complementary with living in reasonably close proximity to the 

amenity such that consumption does not entail large travel costs. Following Chen 

et al. (2016), we define “local” as communities with any section of the geographical 

boundary within five-mile radius of protected forest land under NWFP.3 

 
3 The direct employment impacts associated with mill closure and the Northwest Economic Adjustment Initiative are 

region wide, so is the impact of the North American Free Trade Agreement (Forest Community Research, 2002; Chen et al. 
2016). This difference in the spatial extent between amenity-driven migration and these direct employment impacts provides 
the identification of the amenity effect of the NWFP on community skill composition. 
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3.2. Econometric specification 

To estimate the impact of the NWFP on skill composition, we specify a set of 

linear equations on a set of outcome variables and estimate each equation 

separately: 

(8) 𝐘𝐘𝐜𝐜,𝐭𝐭   = β0 + β1 ∙ 𝐭𝐭 +  β2 ∙ 𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍 ∙ 𝐭𝐭 + 𝛽𝛽3𝑿𝑿𝒄𝒄,𝒕𝒕 + 𝛍𝛍𝐜𝐜 + 𝛜𝛜𝐜𝐜𝐭𝐭 

where 𝐘𝐘𝐜𝐜,𝐭𝐭 is the outcome variable for community c in period t. The year 1980 

(2010) represents the period before (after) the NWFP was implemented, and the 

variable 𝐭𝐭=0 for 1980 and 𝐭𝐭=1 for 2010. The outcome variables we examine in this 

section include the number of workers in high-skilled occupations (denoted as 

“high skill level”), the percentage of workers in high-skilled occupations (denoted 

as “high skill share”), the number of workers in low-skilled occupations (denoted 

as “low skill level”), and the percentage of workers in low-skilled occupations 

(denoted as “low skill e”). The primary treatment effect dummy variable 𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍 

equals 1 if community c is "close" (≤5 miles) to protected NWFP land and zero 

otherwise (Chen et al., 2016). With this definition of 𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍, β2 represents the 

difference-in-differences estimate of the treatment effect of NWFP on community 

outcomes. The vector 𝑿𝑿𝒄𝒄,𝒕𝒕 includes time-varying independent variables that 

represent characteristics of communities that influence outcomes and are described 

in Table 1.  Community fixed effects 𝛍𝛍𝐜𝐜 capture all observable and unobservable 

time-invariant characteristics of communities that drive the outcome variables. 

Inclusion of community fixed effects is an important part of the identification 

strategy in this paper, as many unobservable that are potentially correlated with the 

siting of protected NWFP lands (e.g. remoteness, high scenic amenities) are time-

invariant and captured by fixed effects 𝛍𝛍𝐜𝐜. The unobservable 𝛆𝛆𝐜𝐜𝐭𝐭 represents time-

varying community shocks to the outcomes.  
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3.3. Results  

Table 2 summarizes the treatment effects of being within five miles of protected 

NWFP land on the various outcome variables. All models in Table 2 are estimated 

using the within estimator with community fixed effect and a set of time-varying 

controls. The first column reports the estimated treatment effects using the full 

sample of Oregon communities with no data pre-preprocessing by matching. For 

the post-matching estimators, the second column (Post-Matching I) presents 

estimation results on the balanced subsample of communities in which control 

communities are constructed using all the communities not within five miles of 

protected forest under NWFP (Matching I). The third column (Post-Matching II) 

presents the estimation results on the subsample with the control communities 

selected from the set of communities that are within five miles of other public 

forests not protected by the NWFP (Matching II). The last column presents the 

falsification test discussed earlier. All standard errors are robust to arbitrary forms 

of heteroscedasticity. Our preferred estimator is the post-matching fixed effects I 

or II estimator because (i) they have better balance on key independent variables 

than the unmatched sample (see Appendix B), and (ii) they exhibit robustness by 

having similar estimated treatment effects. The differences between the full sample 

results and the post-matching results highlight the importance of our matched 

design. Without matching, several independent variables are unbalanced across the 

treatment and control groups (Table A1), and a lack of balance between the treated 

and control groups is well known to induce sensitivity in treatment effect estimation 

to the functional form of the regression (Imbens and Wooldridge 2009; Ferraro and 

Miranda 2017). 

Table 2 presents the primary findings of this paper. First, as predicted by the 

theoretical model, the amenity improvement due to the implementation of the 

NWFP has attracted more high-skilled workers into the treated communities. On 
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average, communities close to the protected NWFP land received 181 more high-

skilled workers than the communities further away (Post Matching I). Using the 

Matching II control sample of communities close to unprotected forest land, we 

find a larger treatment effect with around 272 more high-skilled workers in 

communities close to the protected forest land. This has led to an increase in the 

proportion of high-skilled workers (outcome variable of High skill share) in the 

communities close to the NWFP protected land of between three and four 

percentage points. Given that the average share of high-skilled workers is around 

20%, an increase of three-to-four percentage points is equivalent to a substantial 

15% increase in the high-skilled worker ratio.  
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TABLE 2─ ESTIMATED AMENITY IMPACT OF THE NWFP  

(ROBUST STANDARD ERRORS IN PARENTHESIS) 

Outcome 
Variable 

Full Sample Post-Matching I Post-Matching II Falsification 

High skill level 153.96 ** 181.41 *** 271.98 *** -192.17  
 (64.16)  (65.34)  (87.80)  (126.73)  
High skill share 1.42  3.07 ** 4.16 ** -0.08  
 (1.28)  (1.40)  (1.72)  (2.13)  
Low skill level 126.74 *** 111.92 ** 126.62 ** -56.11  
 (41.47)  (49.08)  (59.64)  (65.81)  
Low skill share 0.02  -0.61  -2.54  0.16  
 (1.06)  (1.23)  (1.53)  (1.94)  
Age 65+ -1.17  -0.74  -1.40  2.46  
 (1.25)  (1.19)  (1.36)  (2.20)  
Bachelor -0.83  -1.20  0.82  -0.39  
 (1.83)  (2.00)  (1.75)  (3.62)  
No diploma -2.80  0.07  -7.74 * 5.22  
 (3.30)  (3.15)  (4.03)  (6.16)  
Poverty 111.93 * 30.77  98.56  -152.79  
 (63.32)  (81.17)  (100.22)  (107.57)  
No. obs. 420   307   200   149   
No. groups 219   158   104   76   

 

Second, there is little evidence that the NWFP has resulted in the crowding out 

of low-income workers, as neither the level nor the share of low-skilled workers 

decreased significantly, which is consistent with the theoretical prediction in 

section 2. In fact, communities close to the NWFP protected forest land have 112 

more workers in low-skilled occupations as compared to communities further 

away. Using the Matching II control sample of communities close to unprotected 

forest land, we find a larger treatment effect with around 127 more low-skilled 

workers in communities close to the protected forest land. This suggests that 

implementation of the NWFP also attracted some workers in low-skilled 
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occupations, although we find that the share of low-skill workers is not significantly 

affected by the NWFP.  

Finally, if the increase in median household income is due to the in-migration of 

an affluent elderly population, we would expect an increase in the population over 

the age of 65, which is not supported by our empirical results. 

The similar findings between the two post-matching estimators show that the 

estimated treatment effects of the NWFP on high skill labor are robust to restricting 

the set of controls to be within five miles of other non-NWFP public forests or not, 

suggesting that we are picking up the amenity effect from the protected NWFP land 

on community skill composition rather than a more general amenity shift to forested 

communities. The insignificance of the falsified treatment effect further supports 

our interpretation of the treatment effects as causal. The estimated treatment effects 

for the outcome variables other than high skill are robust in sign but not statistical 

significance. 

 

3.4. Discussion of results 

Our primary finding that the number of high-skilled workers increases in 

communities close to protected NWFP land is consistent with the theoretical model 

prediction in section 2. The empirical findings go further and show that the share 

of the population in high-skilled occupations also increased due to implementation 

of the NWFP. In response to a previous finding that the NWFP led to faster 

population growth in communities close to NWFP protected land (Chen et al., 

2016), our new result suggests that growth in high-skilled workers outpaced the 

growth in total population in those communities. This may arise when an amenity 

improvement disproportionally attracts high-skilled workers or when the in-

migration generates additional high-skilled jobs within the communities.   
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Our use of skill-differentiated occupation data in this paper differs from the 

existing skill-sorting literature that is conducted in urban settings. Typically, the 

share of population with a bachelor’s degree is used to proxy for skill of the labor 

force. When applied in our rural context, we find that there is no difference in the 

share of the population with a bachelor’s degree between the treatment and control 

groups. However, we have some evidence that the NWFP reduced the proportion 

of population without a high-school diploma in these communities, though this 

result is sensitive to how we construct the control group (Post Matching I vs. Post 

Matching II). Communities close to protected NWFP forestland saw a 7.74 

percentage point reduction in their population share without a high school diploma 

relative to control communities (Post-Matching II). The reason we find an 

insignificant impact of the NWFP on the population with a bachelor’s degree but 

significant impact on the population without a high school diploma is likely due to 

the fact that the latter better captures improvement in rural education achievement. 

There is a growing rural-urban gap in college completion but a decreasing gap in 

high school completion. Between 2000 and 2015, the college completion rate in US 

rural areas increased from 15% to 19%, whereas it increased in urban areas from 

26% to 33%. However, the share of adults without a high school diploma in rural 

areas decreased from 24% to 15% whereas it decreased from 19% to 13% in urban 

areas (ERS, 2017). Our findings are consistent with the proposition that a relative 

amenity improvement attracts more high-skilled workers to rural areas. 

As a relative amenity improvement attracts in-migration, the increase in housing 

demand pushes up housing prices. There are concerns that the corresponding 

increased living cost may drive poor households away from those communities, 

commonly referred to as community gentrification. This concern has been 

confirmed in a set of limited but growing empirical studies on urban revitalization 

projects (Brueckner and Rosenthal, 2008; Rossi-Hansberg et al., 2010; Zheng and 

Kahn, 2013; Guerrierie et al., 2013; Meltzer and Ghorbani. 2017) and 
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improvements in air quality (Sieg et al., 2004). However, to the best of our 

knowledge, no one has examined whether the same effect exists in rural settings. 

At the same time, in-migration can also generate more local demand for services 

and create additional job opportunities.  

Our findings that number of low-skilled workers did not fall in response to the 

NWFP’s amenity increase can be interpreted as rejecting a hypothesis that the 

NWFP created gentrification. Because the NWFP led to faster growth in total 

population (Chen et al., 2016), our finding that the share of low-skilled workers did 

not change suggests that the number of low-skill workers grew at a similar rate as 

the total population. Instead of crowding out low-skilled workers, there are more 

working opportunities for them as shown in the significant increase in the number 

of low-skilled workers in communities near NWFP lands. This result is in contrast 

with existing studies on gentrification in urban areas. We suspect that this is due to 

the unique rural context of this research. All the existing studies have focused on 

big metropolitan areas like New York City (Meltzer and Ghorbani. 2017), Los 

Angeles, CA (Sieg et al., 2004; Kahn et al., 2010), Richmond, VA (Rossi-Hansberg 

et al., 2010), and Beijing, China (Zheng and Kahn, 2013) with inelastic land supply. 

In the rural context, however, housing supply is highly elastic. As shown in the 

theoretical model in section 2, the key determinant of the impact of an amenity on 

low-skill workers is the appreciation in housing price. However, while an amenity 

improvement will likely result in a large increase in urban housing prices, an 

improvement in rural amenities likely leads to only limited housing price increases 

due to the larger price elasticity of land supply in rural settings (Glaeser and 

Gottlieb, 2009).  

Since not all poor households are employed, an alternative test on whether a rural 

amenity shock leads to gentrification is to use an outcome variable representing the 

population in poverty, rather than the share of low-skilled workers. If housing price 

increases had driven poor workers out of amenity-rich communities, it would be 
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more likely to affect people in poverty. Ceteris paribus, if poor households had been 

forced out of the communities, median household income of residents remaining in 

the community would have increased. The census data is appropriate for testing this 

hypothesis because it is collected based on the place of residence. When estimating 

Eq. (8) with the population in poverty as the outcome variable we find that the 

estimated treatment effect of the NWFP is not statistically significant at any 

reasonable confidence level (see Table 2). The result is similar to the case using 

low-skilled workers and does not support the gentrification hypothesis. 

 

4. Conclusion 

In this paper, we show that the implementation of the 1994 Northwest Forest Plan 

(NWFP), a large federal land conservation policy in the U.S. Pacific Northwest, 

improved local natural amenities and led to in-migration of more skilled workers 

into rural communities close to the newly protected forest land. We argue that this 

skill sorting is the main mechanism driving the recent finding that the NWFP led 

to a long-run increase in median household income in nearby communities that was 

estimated in Chen et al. (2016). Our study shares similarities with existing studies 

on amenity induced skill sorting in urban areas (Adamson et al. 2004; Brasington 

and Hite 2005; Buch et al. 2017; Cullen and Levitt 1999; Dalmazzo and de Blasio 

2011; Lee 2010; McGranahan et al. 2011). However, our finding that the NWFP’s 

amenities had little impact on low-skill workers and the poor in nearby rural 

communities is different from past findings from urban settings (Brueckner and 

Rosenthal, 2008; Rossi-Hansberg et al., 2010; Zheng and Kahn, 2013; Guerrierie 

et al., 2013; Meltzer and Ghorbani. 2017). Unlike existing studies on urban skill 

sorting that find amenity-induced gentrification, we find that implementation of the 

NWFP has not significantly crowded out low-skilled workers or low-income 
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households in rural communities. A higher price elasticity of housing supply in 

rural areas may be an explanation for our finding of no gentrification. In contrast, 

we find some evidence that the amenities from the NWFP created more working 

opportunities for the low-skilled workers.  

This paper contributes to a recent set of literature that aims to quantify the effects 

of public lands protection on nearby rural economies using quasi-experimental 

methods. Recent studies of National Monument designation in the intermountain 

western U.S. find no significant impacts of this public lands conservation action on 

incomes in nearby communities (Jakus and Akhundjanov 2018, 2019; Walls et al. 

2020), though Walls et al. (2020) find that recent Monument designations increased 

the number of nearby business establishments. The earlier Chen et al. (2016) study 

found that the NWFP did raise median incomes, population, and property values in 

nearby small communities in Oregon, but cautioned that those effects were long-

run amenity effects only and not comprehensive effects. Both Walls et al. (2020) 

and Chen et al. (2016) contend that the effects of public land conservation tend to 

be felt at spatial resolutions higher than the county, that is, at sub-county level. Our 

study contributes to this public lands literature by i) providing a theoretical 

framework for how local amenities – like those generated from public lands – affect 

skill sorting and the composition of the local workforce, and ii) providing empirical 

evidence using high spatial resolution data that a large public lands conservation 

policy increased the share of high-skilled workers in nearby rural communities. 

Taken together, this recent literature finds evidence of a set of modest but positive 

effects of public lands conservation on business establishments and the proportion 

of the high-skill workforce in local rural economies. 

An important caveat of this paper is that other effects from the implementation 

of the NWFP are excluded from the analyses. In particular, we only analyze the 

long-run amenity effects of the NWFP on nearby communities in Oregon relative 

to other Oregon communities that are not nearby NWFP lands. Therefore, our 
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results do not estimate the short-run changes in skill composition or employment 

that may have occurred immediately after the conservation policy went into effect 

in the 1990s.  Further, we do not conduct an economic welfare analysis of the 

NWFP conservation policy, which would require estimation of the many non-

market values that the policy may have affected for residents who live both near 

and far from NWFP lands (Garber-Yonts et al. 2004).  
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Appendix A: Proofs of Propositions. 

Proposition 1 An improvement in 𝐺𝐺2 pushes up housing price 𝑝𝑝2: that is 

𝑎𝑎𝑝𝑝2 𝑎𝑎𝐺𝐺2⁄ > 0.  

Proof: This can be proved by contradiction. If 𝑎𝑎𝑝𝑝2 𝑎𝑎𝐺𝐺2⁄ ≤ 0, together with the 

improvement in amenity𝐺𝐺2, community 2 becomes more attractive to all residents 

at the new equilibrium, including those at the boundary 𝛼𝛼�1 and 𝛼𝛼�2. Now workers at 

these two boundaries strictly prefer community 2. So the housing demand in 

community 2 increases and the housing market clearing condition (equation 7) 

implies the housing supply has to increase and so does housing price. This 

contradicts the assumption 𝑎𝑎𝑝𝑝2 𝑎𝑎𝐺𝐺2⁄ ≤ 0. Therefore, 𝑎𝑎𝑝𝑝2 𝑎𝑎𝐺𝐺2⁄ > 0. QED. 

 

Proposition 2 An improvement in 𝐺𝐺2 attracts workers with higher skill levels into 

the community: that is, 𝑎𝑎𝛼𝛼�2/𝑎𝑎𝐺𝐺2 > 0.  

Proof: First, apply proof by contradiction. Suppose 𝑎𝑎𝛼𝛼�2/𝑎𝑎𝐺𝐺2 ≤ 0. For a small 

change 𝑎𝑎𝐺𝐺2 = 𝐺𝐺2′ − 𝐺𝐺2 > 0, the change in the indirect utility for workers with skill 

level 𝛼𝛼�2 can be approximated by: 

Δ𝑉𝑉�𝐺𝐺2, 𝑝𝑝2,𝑤𝑤(𝛼𝛼�2)� = 𝑉𝑉�𝐺𝐺2′ , 𝑝𝑝2′ ,𝑤𝑤(𝛼𝛼�2)� − 𝑉𝑉�𝐺𝐺2,𝑝𝑝2,𝑤𝑤(𝛼𝛼�2)� ≈

𝑉𝑉𝐺𝐺�𝐺𝐺2,𝑝𝑝2,𝑤𝑤(𝛼𝛼�2)�𝑎𝑎𝐺𝐺2 + 𝑉𝑉𝑝𝑝�𝐺𝐺2,𝑝𝑝2,𝑤𝑤(𝛼𝛼�2)� 𝑎𝑎𝑝𝑝2/𝑎𝑎𝐺𝐺2.  

𝑎𝑎𝛼𝛼�2/𝑎𝑎𝐺𝐺2 ≤ 0 implies that workers with skill level 𝛼𝛼�2, the upper boundary level of 

community 2, either strictly prefer community 3 or remain indifferent between 

communities 2 and 3. That is,   

𝑉𝑉𝐺𝐺�𝐺𝐺2,𝑝𝑝2,𝑤𝑤(𝛼𝛼�2)�𝑎𝑎𝐺𝐺2 + 𝑉𝑉𝑝𝑝�𝐺𝐺2,𝑝𝑝2,𝑤𝑤(𝛼𝛼�2)�𝑎𝑎𝑝𝑝2/𝑎𝑎𝐺𝐺2 ≤ 0.  

Similarly, the change in the indirect utility of workers with skill level 𝛼𝛼�1 can be 

approximated by: 

Δ𝑉𝑉�𝐺𝐺2, 𝑝𝑝2,𝑤𝑤(𝛼𝛼�1)� ≈ 𝑉𝑉𝐺𝐺�𝐺𝐺2,𝑝𝑝2,𝑤𝑤(𝛼𝛼�1)�𝑎𝑎𝐺𝐺2 + 𝑉𝑉𝑝𝑝�𝐺𝐺2,𝑝𝑝2,𝑤𝑤(𝛼𝛼�1)� 𝑎𝑎𝑝𝑝2/𝑎𝑎𝐺𝐺2. 

Given that 𝑉𝑉�𝐺𝐺𝑘𝑘,𝑝𝑝𝑘𝑘,𝑤𝑤(𝛼𝛼)� = 𝑈𝑈(1, w(𝛼𝛼) − 𝑝𝑝𝑘𝑘,𝐺𝐺𝑘𝑘), an increase in housing price 

implies a decrease in the numeraire consumption by the amount equal to 𝑝𝑝2′ − 𝑝𝑝2. 
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𝑈𝑈𝑥𝑥𝑥𝑥 < 0 implies that this decrease in consumption hurts workers with lower skills 

more than those with higher skills, that is, 𝑉𝑉𝑝𝑝�𝐺𝐺2,𝑝𝑝2,𝑤𝑤(𝛼𝛼�1)� <

𝑉𝑉𝑝𝑝�𝐺𝐺2,𝑝𝑝2,𝑤𝑤(𝛼𝛼�2)� < 0. In addition, 𝑉𝑉𝐺𝐺𝐺𝐺 > 0 implies 𝑉𝑉𝐺𝐺�𝐺𝐺2,𝑝𝑝2,𝑤𝑤(𝛼𝛼�1)� ≤

𝑉𝑉𝐺𝐺�𝐺𝐺2,𝑝𝑝2,𝑤𝑤(𝛼𝛼�2)�. Therefore, Δ𝑉𝑉�𝐺𝐺2, 𝑝𝑝2,𝑤𝑤(𝛼𝛼�1)� < Δ𝑉𝑉�𝐺𝐺2,𝑝𝑝2,𝑤𝑤(𝛼𝛼�1)� ≤ 0. The 

workers with skill level 𝛼𝛼�1 strictly prefer community 1. As a result, the housing 

demand in community 2 decreases, its equilibrium housing price has to decrease. 

This contradicts Proposition 1. Therefore, we must have 𝑎𝑎𝛼𝛼�2/𝑎𝑎𝐺𝐺2 > 0. QED. 

Corollary: An improvement in 𝐺𝐺2 leads to a price decrease in community 3, that 

is, 𝑎𝑎𝑝𝑝3/𝑎𝑎𝐺𝐺2 < 0. 

As workers migrate out of community 3, the housing demand in community 3 

decreases. Consequently, the housing price 𝑝𝑝3 will decrease.  

Proposition 3 The impact on the low-skilled workers (𝑎𝑎𝛼𝛼�1/𝑎𝑎𝐺𝐺2) is indeterminate. 

Proof: For workers with skill level 𝛼𝛼�1 that choose to stay in community 2, because 

𝑉𝑉𝐺𝐺 > 0 and 𝑉𝑉𝑝𝑝 < 0, the sign of the change in their indirect utility is generally 

indeterminate. This implies boundary skill level 𝛼𝛼�1 may move up or down 

depending on the relative strength of the amenity effect (𝑉𝑉𝐺𝐺) or the price effect (𝑉𝑉𝑝𝑝). 

QED. 
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Appendix B: Propensity Score Matching  

Because conservation siting could be correlated with local economic conditions, 

we apply propensity score matching to create balanced samples across the treatment 

and control groups. Table A1 reports the covariance imbalance check for both the 

outcome variables and the explanatory variables. Following Imbens and 

Wooldridge (2009, p. 24), for each covariate, we calculate the difference in the 

mean from the treated group and the mean from the control group, normalized by 

the square root of the sum of the variances across both the control and treatment 

groups. The rule of thumb is that normalized differences in means that are greater 

than 0.25 indicate that linear regression methods will be sensitive to the linear 

specification. Matching significantly reduces the difference in normalized means 

across treated and control communities, with important reduction arising from a 

better balance associated with the mill closure variable, percentage of high-skilled, 

low-skilled workers and poverty —now treatment and control communities have a 

similar number of closed timber mills and population under poverty.  

Identification of the treatment effects depends on controlling for potential 

confounding factors that change over time, like NWFP-induced regional 

employment shocks.  The implementation of the NWFP is expected to reduce 

timber harvest and affect timber related employment in addition to local amenities. 

In the model description, we argue that the employment effect is regional in that it 

affects both the communities nearby and further away from the protected NWFP 

lands. The assumption is critical in the difference-in-differences analyses: control 

communities (those far from the protected NWFP lands) were subject to the same 

underlying trends as the treatment communities (those close to the protected NWFP 

lands). The validity of this assumption is confirmed in Chen et al. (2016) using a 

binary Probit model of the annual mill closure probability as a function of distance 

from the mill to the nearest protected NWFP land. The implementation of the 

economic assistance program under the NWFP combined with the imposition of 
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NAFTA affected both the treatment and control communities in the region and their 

impacts are therefore controlled by the difference-in-differences method. 

Identification of treatment effects with observational data requires overlap in the 

propensity score of the treatment (Imbens and Wooldridge, 2009). Overlap implies 

that for all possible values of the covariates, there are both treated and control units. 

In practice, overlap is assessed by plotting histograms of the propensity score of 

treatment for both treatment and control units and visually inspecting whether the 

two histograms overlap. Figure A1 presents histograms of the propensity score and 

shows substantial overlap for our sample of communities for the matched sample 

when the propensity score is estimated with pretreatment levels. 
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(a) Match I 

 

 
(b) Match II 

FIGURE A1: Overlap in the Estimated Propensity Score 
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TABLE A1─ COVARIATE IMBALANCE TEST. 
Variable Match Mean % Bias   T-Test 
    Treated  Control T P>|T| 

High skill level U 1298.0 361.1 24.4 1.92 0.06 

 M I 441.5 354.3 2.3 0.63 0.53 

 M II 556.1 403.3 3.9 0.76 0.45 
High skill share U 20.4 21.7 -18.5 -1.38 0.17 

 M I 20.0 20.4 -5.4 -0.36 0.72 

 M II 21.1 21.1 -0.5 -0.03 0.98 
Low skill level U 689.5 181.0 27.4 2.17 0.03 

 M I 258.8 207.6 2.8 0.84 0.40 

 M II 314.7 222.9 4.9 1.08 0.28 
Low skill share U 16.1 15.1 20.7 1.53 0.13 

 M I 15.7 15.2 11.3 0.71 0.48 

 M II 16.0 14.7 29.1 1.49 0.14 
Age 65+ U 13.6 14.0 -7.3 -0.54 0.59 

 M I 14.0 14.5 -10.3 -0.65 0.52 

 M II 13.3 14.3 -19.9 -1.11 0.27 
Bachelor U 15.4 16.7 -14.1 -1.05 0.30 

 M I 15.0 14.4 7.5 0.57 0.57 

 M II 16.4 14.5 19.4 1.21 0.23 
No diploma U 15.3 14.6 15.8 1.18 0.24 

 M I 15.5 15.4 2.0 0.14 0.89 

 M II 15.0 15.1 -2.5 -0.13 0.89 
Poverty U 1272.8 314.4 27.3 2.15 0.03 

 M I 456.5 371.4 2.4 0.76 0.45 

 M II 557.2 387.1 4.8 1.05 0.30 
Mill closure U 0.6 0.2 47.2 3.67 0.00 

 M I 0.3 0.3 2.7 0.27 0.79 

 M II 0.4 0.4 3.9 0.28 0.78 
Occ. mix U 11.8 12.1 -14.7 -1.09 0.28 

 M I 11.6 11.7 -4.7 -0.31 0.76 

 M II 11.9 11.8 6.2 0.35 0.73 
Ind. Mix U 22.6 23.6 -22.2 -1.67 0.10 

 M I 22.3 23.0 -14.9 -0.95 0.34 

 M II 23.2 23.0 2.6 0.14 0.89 
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Black U 0.3 0.2 14.4 1.13 0.26 

 M I 0.2 0.1 1.2 0.19 0.85 

 M II 0.2 0.1 11.8 1.15 0.25 
Native U 1.6 0.9 27.8 2.19 0.03 

 M I 1.0 1.0 2.2 0.53 0.60 

 M II 1.1 1.0 2.3 0.42 0.68 
Hispanic U 2.6 4.0 -29.7 -2.15 0.03 

 M I 2.7 2.6 0.3 0.03 0.98 

 M II 2.7 2.5 6.8 0.32 0.75 
Asian U 0.7 0.5 17.8 1.33 0.19 

 M I 0.6 0.5 10.0 0.68 0.50 
  M II 0.6 0.5 27.4 1.46 0.15 

 
Note:  
1. “U” stands for “unmatched”, “M I” stands for “Matching I” and “M II” stands 
for “Matching II”. 
2. % Bias is the standardized percentage bias defined as the percentage difference 
of the sample means in the treated and control sub-samples as a percentage of the 
square root of the average of the sample variances (Rosenbaum, P.R. and Rubin, 
D.B., 1985).   
3. T-test is for equality of the means between the treated and control subsamples.  
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