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Abstract

Land use models require a calibration of the supply-demand-price relationships for floorspace.  The adequacy of the model depends upon parameters controlling the long and short-term supply of floorspace by developers, the demand for floorspace by activities, and the base year floorspace inventory. This paper discusses calibration of floorspace supply-demand in two PECAS statewide models developed for the states of Ohio and Oregon.  Each uses a short-term equilibrium activity allocation model which establishes location, production and market-clearing floorspace prices.  Long-term floorspace supply models differ: Oregon uses an aggregate allocation of construction quantities, while Ohio uses a grid-based microsimulation of development events.  

Introduction

With increasing frequency, state and local agencies are interested in assessing the implications of land use and transport policies.  To fully evaluate such questions in quantitative terms requires a model that encompasses the complex interplay of the location decisions and land development market (the “spatial” model component) as well as the implied travel demands.  This paper summarizes the calibration of the land and space markets in the PECAS models [1] being implemented for the state of Oregon [2] and Ohio [3].  

The PECAS model includes: 1) an equilibrium activity allocation model (called AA in Ohio, and PI in Oregon) that locates activities and generates commodity flows and market clearing prices among model zones based on economic linkages (input-output table) combined with 2) an (aggregate or microsimulation) land development model that estimates changes in floorspace supply based on demand and price signals from the allocation model.  As exemplified in Figure 1, PECAS is integrated with a travel model (a sophisticated activity/commodity-flow based model in the case of Oregon and Ohio).  PECAS is thus influenced by travel model output (e.g., travel times, costs, mode choice log-sums), while providing “land use” inputs and commodity-flows (including labor flows) to the transport model components.   

In modeling floorspace, the PECAS spatial allocation model (AA/PI) is responsible for generating the demand for floorspace, and relies on a short-term spatial economic equilibrium given an available inventory of space.  AA/PI also uses a short-term supply model allowing some supply to remain unoccupied.  The land development (LD/ALD) component of the model is responsible for the longer term changes of space inventory, involving demolition and construction of space which does not respond instantaneously and is subject to lags in the market, as it responds to price/demand signals.  In Ohio this, the Land Development (LD) model is a microsimulation of developer actions that change floorspace supply on small units (4 acre cells) of land.  In Oregon, the Aggregate Land Development (ALD) module uses a different approach, which allocates model wide construction dollars of activity to zonal changes in floorspace supply.  Both rely on price and vacancy signals from the AA/PI module.

The remainder of this paper discusses the various space related elements of the PECAS model and their calibration, as implemented in the Oregon and Ohio statewide models.   The AA/PI functions that control the demand for space are reviewed in Section 1. Supply functions are discussed in Section 2 and 3, starting with the AA/PI functions for short-term floorspace supply, followed by LD/ALD long-term supply.  Section 4 discusses the joint calibration of both model components over time that is yet to begin.  Section 5 offers remarks based on experience gleaning in implementing these models in two states, as well as recommendations for further research.
Demand for space

The PECAS AA/PI module represents a spatial random utility adaptation of a social accounting matrix, representing the web of economic relationships among businesses and households, including their consumption and production of various commodities.  The representation is an aggregate equilibrium approach relying on input-output make and use tables, which specify quantities made and used per unit of economic output. Thus, businesses, government, and households (called ‘activities’ in PECAS) produce ‘commodities’ as indicated in the make table and consume these ‘commodities’ as indicated in the use table, where these ‘commodities’ include goods and services, labor and space (land and floorspace).  In PI/AA these activities are allocated using logit functions to minimize the overall cost to obtain inputs as well as reach end users.  In the process commodities are moved from where they are produced to where they are consumed in a series of connected allocations that are influenced by travel conditions and commodity prices among other factors.  
For each zone there are two ‘lowest-level’ AA/PI logit allocation models for each category of commodity considered in the model.  The first is an allocation of the quantities purchased among various 'exchange locations' (e.g. zones) where they are sold to other activities.  The second is an allocation of the quantities sold among the various exchange locations where they are bought by other activities.  The utility of each alternative in these models is influenced by the price at the exchange location, and the characteristics of transporting the commodity to or from the exchange location.  The composite utility values from these two ‘lowest-level’ logit models are used as inputs into the ‘next-higher-level’ logit allocation process for allocating the quantities of commodities produced and consumed by each unit of each activity.  From there, these composite utilities feed into the location utility of the ‘highest-level’ functions that allocate activities (industries and households) to the land use zones. Prices are adjusted to clear the local market for each commodity in each exchange zone.  The output of this module is the zonal quantity of each activity, zonal quantity of commodity consumption and production (including floorspace usage), commodity price maps, and inter-zonal commodity flows.

The PI/AA methods thus represent the economically-derived demand for floorspace in each zone, as well as the prices, given a short-term fixed supply of the floorspace ‘commodities’. Activities can avoid floorspace shortages, and thus high prices, by locating in another zone, or changing their production technology, which dictates their required consumption of various commodities including space.  The technology mix for each industry/household is set model wide in make and use technical coefficients, but allowed to vary among a discretionary window, in any individual zone.  

Demand Calibration

Calibration of the AA/PI demand for floorspace requires: 1) adjusting constants on production technology to get the right activities (businesses and households) in the right types and quantities of building space on average (activity-commodity-specific utility offsets); 2)  adjusting constants on consumption technology choice to allow businesses to substitute different types of labor and more or less building space/employee, while still observing model-wide targets for type of labor used and quantity of space; and 3) adjusting dispersion parameters to allow variation in the types of space used in different zones, reflecting the degree of flexibility with respect to changes in floorspace availability and density (activity specific location dispersion parameters).  Calibration requires observations on floorspace prices, inventory of space, and vacancy rates.
The effect of technology constants in item 1 identified above can be represented by a plot of floorspace usage per unit of labor (in dollars), as shown in Figure 2.  In the left graph of figure 2, each point represents a particular activity’s use of a particular type of floorspace in a model zone.  The range of floorspace usage rates (x-axis) and floorspace price (y-axis) is validated, as is the tendency with respect to increasing price.  In some cases, higher prices lead to a more intense use of space, such as the rural residential homes (RRSFD) of the left graph.  However, in many cases, floorspace usage intensity has been found to have a less obvious relationship to price, as in the right graph, because in locations where space is expensive other substitutable inputs are also expensive.  A more complex graph, showing the relative prices of different commodities, would be required to visualize the substitutions that are occurring in the model. 
Allowing substitutions requires adjusting constants to ensure appropriate average consumption values.  Figure 3 shows household activities use of different types of floorspace.  Households can use different types of floorspace, dependant upon availability and price within a particular zone.  On average the Census PUMS data provides a target for which types of households use which types of floorspace, and constants have been adjusted to achieve these averages, as shown in figure 3, while dispersion parameters are being adjusted to achieve appropriate price variation.  
To assist in matching price and vacancy variation, dispersion parameters are adjusted to allow variation in the types of space used in different zones, reflecting the degree of flexibility with respect to changes in floorspace availability and density (activity specific location dispersion parameters). The expression of the AA/PI model as one overall utility function allows a greater understanding of the relative size of each commodity-specific error term in the utility function, providing the information necessary to ensure relative dispersion parameters are appropriate.  Figure 4 shows the relative size of the random utility error terms as they contribute to household utility of consumption.  The variety of housing stock is currently a major contribution to utility.  Variety of non-retail goods is unimportant, and accessibility to a variety of personal services is more important than accessibility to retail goods. These indications may lead to a change in certain dispersion parameters.  (As an example the variety of “Money and Unclassified Goods” is seen to have some importance, small but nonetheless larger than expected.)  For floorspace demand calibration it is important that the variety of floorspace has an appropriate importance relative to the variety of the other items consumed and produced by households.  Data on the importance of variety was not collected.  The importance of variety in non-floorspace (shippable) commodities can be inferred from trip costs and average trip lengths, but since floorspace does not get shipped perhaps primary data on the importance of variety of buildings should be collected.
Supply of space

Short-term supply

As with all land use models, PECAS requires a base year floorspace inventory as a starting supply point, specifying the quantity of floorspace by type in each zone.   The difficulties of establishing such a fundamental input to the model are immense and have been enumerated elsewhere [4].  In the both the Oregon and Ohio PECAS models, floorspace was synthesized from AA/PI model wide floorspace use rates, and then disaggregated to zones, based on distributions of population and employment, with land cover data only informing the relative values of different types of floorspace (e.g. multifamily vs. single family dwellings.)  This was the only way to ensure consistency between the activity identified in Census/ES202 data and the supply of floorspace.  In calibration, this supply is adjusted to match observed prices, that is, the supply that when combined with AA/PI floorspace demand would result in observed floorspace prices.

Short-term floorspace supply functions in PI/AA assume a fixed short-term inventory of physical space established by LD/ALD.  Each floorspace type in each zone has a short-term supply curve, representing the tendency of physically available floorspace inventory to be left vacant in the short-term if prices are too low.  The short-term supply curve allows a price search algorithm to experiment with very low or very high prices, (much like the volume-to-capacity curve in transport models, which also must extend beyond capacity) and also allow for unusual cases that might arise in future scenarios where vacancy rates are very high or demand suddenly becomes very high. Typically, the short-term supply is effectively nearly constant at the inventory amount minus a certain “structural vacancy rate”.  Thus, in the short-term in normal situations we assume it is the price not the supply that responds to demand.  The supply function equations are listed below, with the floorspace supply curve shape parameters noted in Figure 5.  
Qc,i,k
= QRefc,i  + (c,i · ( [Gi-1]/[Gi+1] ) + (c,i · ( Pricec,k – PriceRefc,i )

(1)

with:

Gi   =   exp ((c,i · ( Pricec,k – PriceRefc,i ) ) 




(2)

where:

Qc,i,k

=
quantity of commodity c supplied to zone k; 
QRefc,i

= 
quantity of commodity c supplied to zone when the unit price for floorspace type c in zone k is at its reference level (PriceRefc,i); 

QRefci

= 
QFf,i * FMidpoint






QFf,i

=
current year quantity of floorspace of type f 

PriceRefc,i
= 
reference price per unit for supply of floorspace type c; 

(c,i  

=
QFf,i * FDelta






(c,i  

=
QFf,i * FSlope

and:

(c,i, PriceRefc,i, FDelta, FSlope = parameters to be adjusted in calibration

Calibration of short-term supply

Calibration of the AA/PI short-term floorspace supply curve, requires observations of both floorspace vacancy and price for specific locations in the same time period.  These points (vacancy, price) can then be used to adjust the supply function, as shown in Figure 6.  Here, the modeled floorspace function (blue dots) are shown with the theoretical floorspace supply function (using the shape input parameters), and overlaid with the scatter plot of observations (green dots).  The parameters affecting the shape of the curve are then adjusted so that the supply curve is relatively steep and close to the physical inventory at most observed prices, but exceed inventory at very high prices (overcapacity) or drop to zero at very low prices.  This allows appropriate “overcapacity” response, and most real observed prices are within the range of normal “structural” vacancy
Oregon ALD

The Oregon ALD module determines the floorspace supply inventory.  It identifies the annual zonal changes in floorspace by type based on the amounts of construction forecast by a regional economic model component (the ED Module) and the floorspace prices forecast by the AA/PI Module.  It does this using a series of connected logit and Cobb-Douglas allocation formulae.

In a given year the total annual dollar-value quantities of residential and nonresidential floorspace construction determined for the entire model area by the ED Module are converted into floor space area decreases and increases by floor space type and zone. (Decreases as well as increases are modeled in order to address floor space declines and transitions.) This is done in three steps. First, total model-wide values for residential and non-residential construction are allocated among 11 regions as dollar-value decreases and increases in floor space. The variables used in the allocation process are the proportions of activities (households and employment) and of activity changes in each region. These variables are applied in a Cobb-Douglas formulation. In the second step, the dollar-value decreases and increases by region are allocated into decreases and increases in square-footage by floor space type. Residential floor space values are converted into 6 floor space types and nonresidential floor space values are converted into 11 floor space types. The variables used in this allocation process are the previous quantity of floor space of each type in the region and the vacancy rate of each floor space type. These variables are applied in a logit model to apportion floor space dollar amounts. These dollar-value quantities are then converted into space (sqft) quantities by region using exogenously-specified construction cost rates. The third step allocates the floor space decreases and increases by type for each region to the model zones contained in the region. Cobb-Douglas functions are also used for this step. These functions are dependent on the price of floor space, the existing quantity of floor space and the zoning capacity to accommodate additional floor space.

Calibration of Oregon ALD

Each of the ALD modules is calibrated in turn.  The target data used in calibrating all the ALD sub-models are 1990-2000 annual net change in county building stock (sqft) by floorspace type, purchased from McGraw Hill FWDodge.  ALD calibration  has been challenging because of the relative complexity of the model and data limitations. Calibration of ALD requires the estimation of 76 parameters and 34 alternative specific constants. These include the parameters and alternative specific constants for both the decrease and increase functions. The floor space data though, only provide observations for net changes in floor space. They do not provide separate observations for floor space decreases and increases. Because of the large number of parameters and the lack of observed data on decreases and increases, an efficient automated search process was needed in order to find the best parameter estimates. An evolutionary algorithm approach was chosen for this purpose. 
The calibration of ALD functions is being done in 3 steps following the organization of model calculations described above. Although there are differences in how an evolutionary algorithm has been applied to each step, the basic approach is the same and incorporates the following elements:

1) The algorithm starts with a set of 1000 parameter combinations that are established by random draws from pre-established parameter ranges.

2) The algorithm iterates through a number of evolutionary cycles. The number of cycles is established in order that model results converge to calibration target values. The following procedures are carried out in each cycle:

· The model is run for each parameter combination and the goodness of fit of the result with calibration targets is calculated.

· The best-fitting parameter combinations are identified and retained for the next cycle. The number that is retained is gradually reduced through the cycles to force convergence on a solution (e.g. first retaining 100 for several cycles, then 75, then 50, and then 25).

· Additional combinations are added to the ones that are retained to expand the set back to its original size. These additional combinations are generated from the retained combinations by recombining parameters from randomly selected combinations and by choosing new values randomly from within the range of values of the retained combinations.

This evolutionary algorithm approach has worked successfully for estimating the ALD parameters. More details of the calibration steps and results are as follows: 

· ALD parameters were calibrated for functions that split ED module model wide residential and nonresidential construction dollars into region-level dollar increases and decreases. The model wide decrease factors were estimated as the difference between the ED estimates over the calibration period and the value of the floor space in the FWDodge data. The other parameters influencing the allocation of construction dollar increases and decreases to regions were calibrated to match FWDodge regional change in net floorspace stock.  A sample iterative calibration to match a regional target floorspace quantity change is show in Figure 7 with the key influencing regional floorspace allocation parameter.  Here the parameter value is shown converging to a single value within 9 evolutionary iterations. 

· The parameters influencing the conversion of regional construction dollars among floorspace types and into space units (sqft) were calibrated to match FWDodge regional change in net floorspace stock by floorspace type. PI-generated model wide vacancy rates were used in this calibration.   Region-floorspace type alternative specific constants were used to match target regional allocations. This was more difficult for nonresidential types, because there are more parameters and the data is less well behaved.  Figure 8 shows the evolutionary progression of regional residential floorspace percentages from the model, compared with the observed floorspace targets (solid horizontal line) by type for one region, exhibiting a convergence to the target as the parameters are calibrated. Figure 9 shows the convergence to targets for nonresidential floor space as alternative specific constants are calibrated.

· The parameters influencing the zonal-level decrease and increase of floorspace by type will be adjusted to match FWDodge county change in net floorspace stock.  This will be calibrated with and without the PI zonal-price term.  The model’s floorspace capacity function, essentially the interpretation of the zoning input into land capacity quantities by type, was validated to ensure the resulting capacity was not less than the existing county floorspace by type from the observed data.  In many cases small insufficiencies and grandfathered land uses were accepted. Changes were made to the dispersion parameter, size terms, in addition to adjustments in ALD zoning inputs files (i.e., zoning code allowed floorspace and FARs).
Ohio LD

In contrast, the Ohio Land Development (LD) module is a fully disaggregate microsimulation that considers the development of space in single cells one cell at a time, simulating the transitions and choices made regarding the space in the cell over the period of one year.  Within LD, cell attributes are stored in large arrays on disk, with each cell having the following key attributes:  Zone, development type, space quantity (sqft), year built, site characteristics and zoning code.  Cells with zoning attributes that do not allow any development are skipped.  

The LD simulation is economic in that the development probabilities are based on the net revenue value of future development states.  Amortized (re)development costs are compared to current rents, and the resulting net revenue values are a component of utility functions in a logit model.  That is, grid attributes are used to calculate the construction cost for each of the possible future development states.  The zonal rent ($/sqft) for the appropriate space types (calculated in the AA module) for the zone within which the grid cell is located is multiplied by the intensity of development under consideration, to determine rent for the grid cell.  Thus the utility for each potential future state of the grid cell (including a keep and add option) considers potential profit (i.e., zonal rent less amortized construction cost), age of structure (if development exists) to account for the lower rent and rent-ability associated with older buildings, and an alternative specific constant for calibrating the overall rate of development by space type.
Probabilities from the LD logit model are calculated for each future development type (including becoming vacant through demolition), and a random number generator is used to select a future development type from the probabilities.  If a construction alternative is selected from the Monte Carlo draw, then LD must select the intensity of the future development, selecting at random using a continuous logit model an intensity ranging from 0 to 100 percent of the maximum permitted intensity.  If a “development event” occurs, the attributes of the grid cell are changed (e.g. development type, space quantity, year built), and the development event is logged.  The simulation iterates through each grid cell independently.
Calibration of Ohio LD

The Ohio LD model is initially calibrated by giving it a reasonable set of prices and running it through time.  Since measured prices for each type of space in each zone are not available in one time period (let alone over multiple years) a set of synthetic prices is made up through simple interpolation and averaging of those prices that are available.  The intention is to,  initially, ensure that the model produces about the right amount of development when prices are reasonable.   The total amount of developed land in the year 1990 and the year 2000 is available, the focus is on reproducing an appropriate amount of land conversion.  
Most of the parameters for Ohio LD are construction cost parameters estimated from primary data sources regarding the cost of construction.  There are not many parameters to be adjusted when running the model, except the alternative specific constants modifying the tendency of developers to change between different types of development.  Many of these alternative specific constants can be transferred from other regions, as they represent savings associated with certain transitions that do not involve completely demolishing pre-existing development.  Some constants from the Baltimore PECAS model are available, for instance.
Joint Supply/Demand calibration

Since price results from the interaction of supply and demand, we do not expect to achieve good price results from the model until the land development modules (LD/ALD) are run together with the spatial allocation modules (PI/AA) and the development community is allowed to respond to demand signals.  

Ten year runs, from 1990 to 2000, are being used for this time-series calibration, since US Census’s occur every 10 years.  Over 10 years the demand for space should increase prices where supply is too low, and then LD/ALD should increase the quantity of space there. Over the early years of the 10 year period we expect a certain amount of price shock due to the synthetic process used to develop base year floorspace quantities.  This price shock should diminish over the 10 years, leaving a system that represents a sort of dynamic equilibrium, where floorspace has been (and still is) being constructed in areas with high demand and an appropriate inventory of building sites.  This will produce a model that can move foreword past 2000 to the present and into future predictions, with the price shocks associated with a change in system behind it in past.  

Certain features of the system are designed to simulate the response to changes in policy.  For instance if a very large area was rezoned to allow a certain type of development, we might expect to see an initial increase in space quantities just due to the increased land available.  The space might not initially be considered valuable.  Over time, as LD and AA operate together over time, AA could allocate complementary activities to the newly built space and to nearby cells.   When the complementary activities achieve some economies of scale, we expect to see prices and hence increased development.  The model will not be complete until we have demonstrated that it can properly predict the sort of response to zoning policy (or infrastructure policy) that has been expected (or, alternatively, the model has been able to debunk expectations regarding the real-worlds response to zoning policy and infrastructure policy.)
Conclusions
Developing a floorspace supply model and a floorspace demand model together, and hence a model of the prices that arises from the interaction of demand and supply, turns out to be challenging.  It is important to be able to investigate demand separately from supply.  But in a complex model things that seem counterintuitive can appear, as in the use of certain space types where in zones with high space prices more space was used per unit of output than in zones with low space prices.  This particular example showed the importance of using the right units (floorspace per dollar of output) and considering the interactions.  

It is important to be able to calibrate demand without a supply model, and to calibrate supply without a demand model.  In the real world supply rarely shows itself separate from demand, and neither demand shows itself separate from supply.  For instance although it is completely acceptable and realistic to have a model where landlords would rather let their land go vacant than drop their price below zero, we do not have any observations of this trend because in our real world things are much more stable.  The supply and/or demand respond long before prices reach zero.  The approach where “synthesized” land cover is used in the development of PI/AA, and “synthesized prices” are used in the development of ALD/LD, seems appropriate to allow this separation.

Nonetheless an investigation of the joint system is also required.  The approach to calibrate the joint system has been to run the two modules together for 10 years, from 1990 to 2000, and expect generally the correct quantity and spatial allocation of new employment totals and new population totals.
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Figure 1.  PECAS spatial components are part of an integrated Land Use-Transport model
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Figure 2.  Representative Residential and NonResidential AA/PI Floorspace Demand Curves   
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Figure 3.  Household use of floorspace modeled and target   
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Figure 4: The importance of random error terms in household utility
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Figure 5.  AA/PI short-term Floorspace Supply function 
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Figure 6.  Calibration of AA/PI short-term floorspace supply curve   
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Figure 7.  Calibration of ALD regional floorspace a region 
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Figure 8.  Calibration of ALD residential floorspace quantities for a region   
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Figure 9. Calibration of ALD nonresidential floor space quantities for a region
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