Historical Projects Model
Summary
The Historical Projects Model (HPM) is a tool to provide bulk estimates for the announced jobs and capital expenditure (CapEx) a property could generate if it were to receive an economic development project. These estimations are created by a linear regression model, which considers the size of the property and its geographic location. The geographic location of a property is incorporated into the model through series of separately calculated and independently vetted location classes. The HPM’s regression is estimated using a set of 908 historical economic development projects where the acreage, geographic location, announced jobs, and capital expenditure are known. The location classes which are incorporated into the model are calculated from a larger dataset of 10,000+ projects which have industry and location information.
Background
In economic development, a major goal of the economic development agency (state or local) is to attract projects. A project, in this context, is the creation, expansion, or relocation of an employment-generating facility in a community. Classic examples include new factories or office buildings. To attract projects, the economic development agency supports the development of sites, either through public ownership and development or in partnership with private developers. These sites are parcels of land set aside for new development, and they can vary in size from several hundred square feet to over a thousand acres. 
Differently sized sites are designed to attract differently sized projects. Size and development level are not the only considerations, however. Sites are also judged by potential project investors on their location factors, which encompass all the attributes of a site’s geographic location that might be appealing or concerning to a company. Companies consider a broad range of matters, from the available workforce to airport access or local wages. All these things: the size of the site, its level of development, and the location factors of the surrounding area influence the projects that could select it.
In economic development, projects are most commonly compared to each other with two metrics: the new jobs expected to be generated and the capital expenditure (CapEx) which will be made into the new or expanded facility. These two metrics help to differentiate projects by size, as projects generating more new jobs or receiving more capital investment are generally more impactful for the community. Usually, a project’s expected new jobs and CapEx figures are reported when a project is announced. Although the project may develop differently, these announced figures are often used for reporting and comparison between projects. They can also be used in aggregate to convey the impact of economic development efforts. 
As it is in the interests of the Virginia Economic Development Partnership and the State Government to attract the greatest amount of jobs and capital investment to the Commonwealth of Virginia, there are programs at a state level to encourage the development of attractive economic development sites around the state. These programs have the goal of attracting projects to the state which will bring in the largest aggregate amounts of jobs and CapEx. Since there is not a simple correlation between the size of a site (or any other single site attribute) and the size of the project it might attract, VEDP has developed a more sophisticated statistical model to aid in predictions of the future economic benefits of site investments. This model, described in more detail below, estimates the jobs and CapEx produced by a future project on a current site. This allows VEDP and the Commonwealth to incorporate these predictions into its economic models for the returns and benefits of state investment.
Methodology
The HMP is a system of two parallel linear regression models, one estimating jobs and one estimating CapEx. These two models share the same parameters and training dataset—they are in all technical ways identical to each other. The following description applies to both.
To run the model for a property requires only two values, acreage and the coordinates. Before the model is run, the coordinates are used to calculate around 20 statistics related to the location of the project (see Data section). These statistics are then used to calculate location cluster statistics, which are then used as the inputs into the linear regression model (for more details on this process, see below). The model for jobs and CapEx is run on acreage, acreage squared (to account for a non-linear relationship), and the interaction between acreage and the location cluster statistics. The intercept is fixed at 0. 
The model has been designed based on its theoretical foundation: the key relationship is between acreage and either jobs or CapEx. This relationship is influenced by the location factors, represented by the location cluster statistics. The influence of these location factors is large, but it is only felt through the main relationship between acreage and jobs or CapEx — for example, a location with zero acres will have no jobs or CapEx no matter the location of the site. We also expect diminishing returns in the relationship between acreage and jobs or CapEx. For example, the difference between 5- and 10-acre properties is much greater for a company than between 100- and 105-acre properties. To account for diminishing returns, a non-linear relationship is incorporated into the model.[footnoteRef:2]  [2:  A non-linear relationship could result in situations where adding acreage to a site would result in decreased predictions for jobs and capex. To prevent this illogical result, we have instituted an automatic transformation on the input acreages which fixes the maximum acreage sent to the model as the acreage value where this unwanted negative impact would begin to occur.] 

Acreage is the simplest of the input variables to the model. The input acreage reflects contiguous developable acreage available on the property. Ideally, the contiguous developable acreage of each distinct component of the property would be entered separately when a property is subdivided into multiple lots.
The location cluster statistics which constitute the other variables are more complex. These statistics are based on the results of a k-means cluster analysis[footnoteRef:3] which has been run previously on a much larger dataset. That analysis looked for commonalities between past economic development projects, considering a range of location variables as well as project industry. As of January 2023, the best resulting clusters were for a 4-cluster calculation. These clusters roughly correspond to an urban-rural spectrum, with more nuance related to industry patterns and differences in wage.[footnoteRef:4] Outputs from the analysis allow for both the assignment of an arbitrary project (or point) to one of the four clusters and for the calculation of a Euclidian distance to each cluster center. [3:  This analysis uses normalized variables and some weighting.]  [4:  The number and nature of these clusters may change in future updates to the k-cluster analysis.] 

The HPM linear regression model uses the inverse Euclidean distance to each of the four cluster centroids. Key reasons to use this measure over simple cluster assignments include: 1) it preserves key statistical information lost during cluster assignment; 2) it creates four continuous and independent variables as opposed to a single categorical variable, allowing for more nuance in the model’s coefficients. Using the inverse distance is done to ensure the statistics are “interpretable” by the model—as the distance from the cluster increases, the statistic approaches zero; as the distance from the cluster decreases, the statistic increases exponentially.[footnoteRef:5]  [5:  There are caps applied to all the statistics to prevent outliers that are especially close to cluster centers from approaching infinity.] 

Data
Contiguous developable acreage data is pulled from VirginiaScan, the economic development property database housed at the Virginia Economic Development Partnership.
Data for the location characteristics analysis are pulled from a range of sources (Source in parentheses):
· Industry sector of the projects (Area Development and VEDP analysis)
· Knowledge work
· Logistics
· Manufacturing
· Advanced Materials
· Aerospace
· Automotive
· Food and Beverage
· Pharmaceutical
· Renewable Energy
· Semiconductor
· Workforce (JobsEQ) within a 45-minute drivetime (ESRI)
· Wages (JobsEQ) in a 45-minute drivetime (ESRI)
· Logistics wages
· Manufacturing wages
· Office wages
· Surrounding terrain (USGS)
· Percentage Forest
· Percentage Swamp
· Percentage Developed
· MSA classification (US Census Bureau)
· Access to infrastructure
· Distance to a major container port (US DOT)
· Direct flights within 50 kilometers (Wikipedia[footnoteRef:6]) [6:  Open-source information on flights and airports in the US is not readily available and is subject to frequent updates. Wikipedia, however, has a consistently formatted and comprehensive set of data on routes between American (and international) airports. This information is updated by Wikipedia’s editors based on airline and airport websites regularly and has proved in VEDP tests up to date and accurate, especially for larger airports. While acknowledging that there may be some inaccuracies in the Wikipedia data, VEDP believes it is the best open-source data on flights. This information comes from a webscrape run in 2023. ] 

· Access to educational pipeline (US DOEd)
· Student population within 30 kilometers 
· Research university within 30 kilometers 
Results
The HPM produces a single number for the job estimate and a single number for the CapEx estimate for each property. These figures represent the jobs and CapEx that have typically been associated with similar properties in the past.
These results are exportable as a CSV.
Caveats
· The HPM is intended to serve as a tool for multi-property, rapid analysis of potential economic impact via economic development projects; it is not a substitute for professional judgement or detailed study of properties prior to or during development
· The HPM does not indicate the likelihood of a property securing an economic development project, nor the timeline in which one would occur
· The HPM uses historical project data to estimate future outcomes; if economic factors such as technologies or trade patterns were to shift significantly, the model would not be able to predict with these factors in mind. This will be corrected by frequent updates to the model, incorporating new data as it becomes available.
· The HPM does not account for the many niche site or location factors that may increase or decrease the job or CapEx creation potential of a small subset of properties. It is a general model
· The HPM does not consider site development factors, such as utility capacity, at all
· The estimates produced by the HPM represent typical outcomes using the full size of the studied contiguous developable component of the property
· Atypical outcomes are possible and even probable – projects locating on property could generate significantly more or fewer jobs and CapEx than the HPM estimates
· Stakeholders could choose to further subdivide the property to accommodate a smaller project, this is not accounted for in the HPM
· Announced jobs and CapEx as modeled by the HPM do not reflect the full economic impact of a project. Projects also cause indirect and induced job creation and investment, and may also be scaled up, down, or canceled relative to the initial announcement
· The impact of unique properties, such as megasites, may be less accurately estimated by the HPM given the reduced amount of related project data available for analysis
· Job creation and CapEx are two objectives of economic development but are not the only goals. Owners, communities, regions, and the Commonwealth of Virginia may choose to prioritize properties with lower anticipated job and CapEx creation potential for other reasons
Contact
Please contact Cole Pearce (cpearce@vedp.org)  or Douglas Griffin (dgriffin@vedp.org) with any questions or comments regarding the HPM.
