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Abstract
In land use forecasting, it is important to know what vacant land is "developable" in urban use and what land is not.  This report takes a fundamentally economic approach to the issue: a parcel of vacant land is developable in urban use if its value significantly exceeds that in non-urban use.  The report applies this approach to the six-county Southern California Association of Governments (SCAG) parcel database. Ideally, "value" would be measured by market value, but since vacant land sales are intermittent, assessment value (for property tax purposes) per ft2 is used instead.  Using data collected from ground truth tracking, a regression is estimated for the probability that a parcel is developable, and then used to impute a developability to each parcel.  The developability of parcels is then spatially smoothed, and a cutoff developability value chosen to determine the developable and undevelopable vacant land in our study area.
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Developable Vacant Land in the LA Metro Area

1.    Introduction

The overall objective of LA-Plan is to forecast land use, transportation, and environmental quality for the Los Angeles Metropolitan Area.  This will be achieved by adapting, RELU-TRAN, a metropolitan Computable General Equilibrium (CGE) model developed by Dr. Alex Anas.  One vector of inputs into the model is, for each model zone, the amount of land that, in the base year (2000) is both vacant and potentially developable in urban use ("developable vacant land").  The project employs Southern California Association of Governments' (SCAG) definition of the LA Metro Area to comprise Imperial, Los Angeles, Orange, Riverside, San Bernardino, and Ventura Counties.  Much of the land in the Metro Area is defined as either vacant or vacant undifferentiated, and there are also many parks.  The aim of this report is to estimate how much vacant land in the Metro Area is "developable".  

The notion of vacant land is land that is not currently in urban use.  The term vacant land has first been used in the University of California Multi-Campus Research Program (MRPI) technical report LA-project 2011-2, "Computing Value per Square Foot of Vacant Parcels and Aggregating to Model Zone Level" (Huiling Zhang and Richard Arnott)[footnoteRef:1].  The term vacant land is defined based on the descriptions of SCAG 2008 land use code.  The vacant land includes not only land whose SCAG land use code indicates "vacant" but also open space and recreational land, agricultural land, land that is under construction and vacant military bases.    [1:  The report can be found at http://vcpa.ucr.edu/papers/vacant_land_imputation.pdf.] 


All vacant land is developable in urban use at some cost.  The notion of developable land employed in this report is an economic one:  A parcel is deemed to be developable if, under robust growth conditions, it would be both feasible and profitable to develop it in urban use within, say, thirty years.  Drawing on the theorem that "in a competitive economy, prices efficiently aggregate information", a vacant parcel is considered to be developable in urban use if its market value per square foot exceeds some threshold level.  Since the market for vacant land parcels is thin (due to the parcels' heterogeneity), a parcel's market value is inherently uncertain.  Furthermore, since a parcel of land is sold only periodically, its market value at a point in time can only be estimated.  When market value assessment for property tax purposes is employed, assessed value, which is based on a professional assessor's informed valuation, normally provides a reasonably accurate measure of market value.  In California, however, due to Proposition 13 and subsequent legislation, the assessed value of a vacant parcel depends not only on its market value but also on the date of its most recent sale[footnoteRef:2].  To further complicate matters, due to errors and lags in land use reclassification, some parcels that are coded as vacant (according to the definition employed here) in the amended SCAG parcel database are in fact developed[footnoteRef:3].   [2:  The property tax base of vacant parcels in 2007 is calculated as the most recent sales price compounded annually by the maximum of 2% and an administratively-decided inflation from the date of the most recent sale to 2007 (the procedure).  ]  [3:  It is developed based on the SCAG parcel database by the work of Wenwen Li from Geography department of University of California, Santa Barbara ] 


To account for these problems, a four-stage procedure is adopted in estimating the developability of each vacant land parcel.  In the first stage, parcels are assembled into three groups according to their SCAG land use classification: unambiguously developable, ambiguously developable, and undevelopable; for example, all farmland is classified as developable, while all local, state, and national parks are classified as undevelopable. In the second stage, a "developability" is assigned to each ambiguously developable vacant parcel according to the following procedure. A subset of ambiguously developable vacant parcels is selected. Each is classified as developable or undevelopable on the basis of ground truth tracking (the details of the procedure shall be provided later) and its assessed value per ft2 recorded (from the SCAG parcel data field TOTVAL07 and shape size). Using these data, a logistic equation is estimated whose dependent variable is the "developability" and whose independent variable is assessed value.  The estimated equation is then used to impute a developability to each ambiguously developable vacant parcel.  In the third stage, the noise introduced via errors in land use coding and assessed valuations; the particularities of California's assessment procedure[footnoteRef:4], and anomalies are filtered out via a simple spatial smoothing procedure.  At the end of this stage, each ambiguously developable vacant parcel has been assigned a smoothed developability.  In the fourth stage, on the basis of a second round of ground-truth tracking, a cut-off developability value is estimated that balances Type I (the probability that a parcel whose imputed developability is below the cut-off developability is in fact developed) and Type II (the probability that a parcel whose imputed developability is above the cut-off developability is in fact undeveloped) error.  Adjustments are made to the procedure to account for parcels close to major roads in generally undevelopable areas, vacant military bases, and parcels with undefined (type 0) land use code.  [4:  In a rising market, the assessed value of a single-family house is normally calculated as the most recent sales price compounded by 2 % per annum.  In a falling market, the assessed value is held fixed unless appealed by a homeowner
] 


The procedure was developed incrementally through experimentation. In particular, the procedure was repeatedly modified to eliminate obvious anomalies.  Even though the procedure contains ad hoc elements, its underlying rationale -- that a parcel is deemed developable if the market attaches value to it in future, presumably urban, use -- is sound.  The procedure also generates sensible results.  

The procedure is predicated on the assumption that a vacant parcel's market value derives from future "urban" use.  Land may however derive value from future non-urban use, such as mining or forestry (and perhaps tourism[footnoteRef:5]).  Misclassification of such vacant land as "developable in urban use" on the basis of its assessed value per square foot being above the cutoff level could occur, but in the Los Angeles Metro Area at least appears quantitatively unimportant.  [5:  It is moot whether tourism within the LA Metro Area is an urban or non-urban use.] 


Sections 2 through 7 describe the four stages of the four-stage procedure, as applied to Riverside County[footnoteRef:6], and present the results.  Section 8 describes the variants of the procedure employed for each of the other five counties, and presents their results.  Section 9 gives the area of each land use type in model zone level. [6:  The reason that Riverside County is chosen to demonstrate the procedure is Riverside County has a medium number of parcels in database.] 

2. 	Developable, Undevelopable Vacant Land, Ambiguously Developable vacant land, and Former Military Bases

The notion of vacant land employed in the report is land that is not currently in urban use.  According to this usage, vacant land includes not only land whose SCAG land use code indicates as "vacant", but also includes open space and recreational land, agricultural land, land under construction, and former military bases.  Table 1 shows a complete list of the SCAG land use codes that correspond to the definition of vacant land employed in the report.  Note that, without apparent consistency, in the Amended SCAG parcel database the land use code applied to a parcel is sometimes a four-digit land use code (e.g., 1274 former base built-up area), sometimes a three-digit land use code (e.g., 1270 Military base), and sometimes a two-digit land use code (e.g., 1200 commercial and services).













Table 1: Vacant Land Use Classification for Land Use 2008 or LU08 in SCAG Database

	General Land Use Categories
	Detailed Land Use Type

	1270 Military (Vacant)[footnoteRef:7] [7:  Parcels with land use code 1270 are not considered as vacant land. ] 

	1274 Former Base (Built-up area)
1275 Former Base Vacant Area
1276 Former Base Air Field

	1700 Under Construction
	

	1800 Open Space and Recreation
	1810 Golf Courses
1820 Local Parks and Recreation (1990 Database only)
1821 Developed Local Parks and Recreation
1822 Undeveloped Local Parks and Recreation
1830 Regional Parks and Recreation (1990 Database only)
1831 Developed Regional Parks and Recreation
1832 Undeveloped Regional Parks and Recreation
1840 Cemeteries
1850 Wildlife Preserves and Sanctuaries
1860 Specimen Gardens and Arboreta
1870 Beach Parks
1880 Other Open Space and Recreation

	2000 Agriculture
	2100 Cropland and Improved Pasture Land
2110 Irrigated Cropland and Improved Pasture Land
2120 Non-Irrigated Cropland and Improved Pasture Land
2200 Orchards and Vineyards
2300 Nurseries
2400 Dairy, Intensive Livestock, and Associated Facilities
2500 Poultry Operations
2600 Other Agriculture
2700 Horse Ranches

	3000 Vacant

	3100 Vacant Undifferentiated
3200 Abandoned Orchards and Vineyards
3300 Vacant With Limited Improvements
3400 Beaches (Vacant)








2.1.    Data Preparation

All the parcels in the study area with the land uses code listed in Table 1 are selected for analysis. 
The code used for data parcel selection is:
"LU_08" >=1274 AND "LU_08" <=1276 OR "LU_08" >=1700 AND "LU_08" <=3400
SCAG 2007 database[footnoteRef:8] (ftp://mrpi.geog.ucsb.edu/data2010/parcel/GIS/) were used. [8:  The SCAG 2007 database is updated on a continuing basis.  LU_08 is the 2008 current land use field.] 


2.2.    Undevelopable Vacant Land by the Description of Land Use Code only

Some vacant land uses are classified as undevelopable.  They are listed in Table 2, including parks and recreational land, wildlife preserves and sanctuaries, and specimen gardens and arboreta, etc.  A parcel with a land use code of 1800[footnoteRef:9] could be either a golf course, which is here classified as developable, or a regional park, which is here classified as undevelopable.  Since most of the vacant parcels with 18__ codes are classified as undevelopable, 1800 parcels are classified as undevelopable.   [9:  Although land use types, with land use code like 1800, are considered as general categories and they have detailed classification, with land use code like 1810 and 1820, etc., there are significant amount of parcels belong to these general categories.  The assumption is there are certain classification difficulties for those parcels with general land use code, like 1800 or 3100.] 







Table 2: Undevelopable Vacant Land Use Types

	Land use code
	Land use name
	Land use code
	Land use name

	1800
	Open Space and Recreation
	1832
	Undeveloped Regional Parks and Recreation

	1810
	Local Parks and Recreation (1990 Database only)
	1850
	Wildlife Preserves and Sanctuaries

	1821
	Developed Local Parks and Recreation
	1860
	Specimen Gardens and Arboreta

	1822
	Undeveloped Local Parks and Recreation
	1870
	Beach Parks

	1830
	Regional Parks and Recreation (1990 Database only)
	1880
	Other Open Space and Recreation

	1831
	Developed Regional Parks and Recreation
	
	




The code used for undevelopable vacant land use selection:
"LU_08" =1800 OR "LU_08" =1820 OR "LU_08" =1821 OR "LU_08" =1822 OR "LU_08" =1830 OR "LU_08" =1831 OR "LU_08" =1832 OR "LU_08" =1850 OR "LU_08" =1860 OR "LU_08" =1870 OR "LU_08" =1880
SCAG 2007 database (ftp://mrpi.geog.ucsb.edu/data2010/parcel/GIS/) were used.









2.3.    Developable Vacant Land by the Description of Land Use Code only

Some other vacant land uses are classified as developable.  These are listed in Table 3.  

Table 3: Developable vacant land use

	Land use code
	Land use name
	Land use code
	Land use name

	1700
	Under Construction
	2300
	Nurseries

	1810
	Golf Courses
	2400
	Dairy, Intensive Livestock, and Associated Facilities

	1840
	Cemeteries
	2500
	Poultry Operations

	2000
	Agriculture
	2600
	Other Agriculture

	2100
	Cropland and Improved Pasture Land
	2700
	Horse Ranches

	2110
	Irrigated Cropland and Improved Pasture Land
	3300
	Vacant With Limited Improvements

	2120
	Non-Irrigated Cropland and Improved Pasture Land
	3400
	Beaches (Vacant)

	2200
	Orchards and Vineyards
	3200
	Abandoned Orchards and Vineyards



The code used for developable vacant land use selection:
"LU_08" =1700 OR "LU_08" =1810 OR "LU_08" =1840 OR "LU_08" =2000 OR "LU_08" =2100 OR "LU_08" =2110 OR "LU_08" =2120 OR "LU_08" =2200 OR "LU_08" =2300 OR "LU_08" =2400 OR "LU_08" =2500 OR "LU_08" =2600 OR "LU_08" =2700 OR "LU_08" =3200 OR "LU_08" =3300 OR "LU_08" =3400 
SCAG 2007 database (ftp://mrpi.geog.ucsb.edu/data2010/parcel/GIS/) were used.




2.4.    Ambiguously Developable vacant Land

The parcels with land use 3000 ("Vacant" in the SCAG land use classification) and 3100 ("Vacant Undifferentiated in the SCAG land use classification) are classified as ambiguously developable vacant land.  The Section 3 will focus on developability analysis ambiguously developable vacant land.

2.5.    Former Military bases

For former built-up area (1274) and former base air field (1276), the assumption is that both of them are all developable, because they both have structures available, which indicates that they can be developed.  And based on the research, each county has less than 50 parcels of former military bases vacant (1275) parcels.  So the method of ground truth tracking[footnoteRef:10] is used to cover every former military bases vacant area in six counties.  If the parcel has a structure on it, or if a structure is under construction, or if its assessed value per unit area of land is greater than or equal to 10% of the assessed value of the average assessed value per ft2 of developed parcels in the county that those parcels belong to, classify the parcel as developable (developability = 1); otherwise, classify it as undevelopable (developability = 0).   [10:  Please refer to Section 3.1 for more details about this method.] 






3.	Imputing a Developability to Ambiguously Developable Vacant Land Using Data Collected from Ground-Truth Tracking for Riverside County

This Section collects a randomly selected sample of fifty ambiguously developable vacant land parcels from each of the fifteen model zones (MZs) in Riverside County, classifies each parcel as developable or undevelopable from ground truth tracking, runs a logistic regression relating the probability that a parcel is developable to its assessed value per ft2 of land, and uses the fitted values to impute developability to all ambiguously developable vacant land parcels.  

3.1.      Ground Truth Tracking: Classification of a Sampled Parcel's Developability

The ground truth tracking method employed is similar to that employed in the project Technical Report 2011-6, "Amended SCAG parcel database Validation Report on Accuracy of Total Floor Space per Parcel by Ground Truth Tracking" (Michael Goodchild, Wenwen Li, Alex Schild, and Nate Royal)[footnoteRef:11].   [11:  The report can be found at http://vcpa.ucr.edu/papers/parcel_data_validation.pdf] 



Since the data files in ArcGIS are difficult to manage and relatively large, and the data needed to be in a form suitable for econometric estimation, the relevant parcel data from the 750 randomly-selected ambiguously developable vacant land parcels[footnoteRef:12] are transferred to an Excel spreadsheet using the ArcGIS tool[footnoteRef:13]. [12:  It means that we randomly select 50 parcels of land use 3000 and 3100 in each MZ of Riverside.  It is too costly to have a larger sample size.  For example, it took more than 5 hrs to analyze 750 parcels in Riverside County alone.]  [13:  The method of downloading and using the tool can be found at url: http://resources.arcgis.com/gallery/file/geoprocessing/details?entryID=95009B25-1422-2418-7FB5-B8638ECB2FA9] 


Here are the four steps for Ground Truth Tracking:
a.          An attribute is introduced in the Excel table by the name of Developability.  The term developability means capability of being developed for residential, commercial or industrial uses in 50 years.  And the developability of a parcel is used to determine whether a parcel is developable or undevelopable.  
b.         Introduce the assessment value per square foot[footnoteRef:14].  For each of the selected parcels, four data are selected from the kml file, the parcel's land area, their assessed value "TOTVAL07", and the average assessed value per ft2 of developed parcels in that MZ.  TOTVAL07 is the assessed value in 2007.    [14:  It is calculated by a parcel's assessment value divided by the parcel's square area.] 

c.       Use the Ground Truth Tracking to find the sample parcels developability.  The assumption is that, using the ground truth tracking method, the developability of a parcel will be either economically developable, with a developability of 1, or economically undevelopable, with a developability of 0.

If the parcel has a structure on it, or if a structure is under construction on it[footnoteRef:15], or if its assessed value per unit area of land is greater than or equal to a certain percentage of the average assessed value per ft2 of non-public developed parcels[footnoteRef:16] in Riverside County, classify the parcel as developable (developability = 1); otherwise, classify it as undevelopable (developability = 0).   [15:  These can be verified using the Google Earth Satellite Imagine.  Most of satellite imagine for these locations are taken in year 2011.  The assumption is that no further development on vacant land in Great Los Angeles area is made after year 2008 because of financial crisis, which means develop conditions of vacant land for 2008 and 2011 are the same.]  [16:  The term non-public developed parcels means any parcel that does not belong to vacant, water, pubic or military installation.  Due to Proposition 13, the assessed value is not the assessor's estimate of true market value in 2007, but the property tax base of the parcel in 2007.  Based on the research, only a small portion of land in public and military parcels is taxable, so the assessed value of public, military and transportation & communication land is lower than the real land value per ft2.  So the military land use and public land use are not included.  Furthermore, water body and vacant should not be included because of their land use types.] 


Code used for selecting the non-public developed parcels:
( "LU_08">=1000 and "LU_08"=<1234) or ("LU_08">=1250 and "LU_08"=<1266) or ("LU_08">=1300 and "LU_08"=<1340) or ("LU_08">=1500 or "LU_08"=<1600)
d.           Choose a prorate cut off value[footnoteRef:17].  The ten percent was chosen on the basis of limited number of experimentations.  5%, 10% and 20% of the assessment value per square foot of average assessed value per ft2 of non-public developed parcels in Riverside County as cut off values were used in a test run in Riverside County.  Using these three values as cut off values, three sets of data were used to run logistic models[footnoteRef:18].  Then these three models are applied to all the 3000 and 3100 land parcels in Riverside.  Two sets of 50 randomly selected samples for undevelopable ambiguously developable vacant land and developable ambiguously developable vacant land were taken from the results of three different models in each MZ of Riverside County.  In table 4, the accuracy three different cut off values are given.  [17:  The cut off value used here means if a parcel has a higher assessment value per square foot than this value, the parcel will be classify the parcel as developable (developability = 1); otherwise, the value will be classified as undevelopable (developability = 0).  ]  [18:  The details of how to run the logistic model are given in Section 3.2.] 

















Table 4: Accuracy of Different Cut Off Values
	Cut off Value
	Accuracy 

	
	Developable vacant land
	Undevelopable vacant land

	5%
	65.6%
	94.7%

	10%
	91.7%
	92.5%

	20%
	93.6%
	78.5%



Note: The accuracy of the developable vacant land parcels is calculated by the number of actual developable parcels[footnoteRef:19] over the total number of developable vacant land parcels obtained from the method.  The accuracy of the undevelopable vacant land parcels is calculated by the number of  actual undevelopable parcels[footnoteRef:20] over the total number of undevelopable vacant land parcels from the method. [19:  Actual developable parcels means the vacant land parcel is developable using ground truth tracking method.]  [20:  Actual undevelopable parcels means the vacant land parcel is undevelopable using ground truth tracking method.] 







Based on the ground truth tracking result, a parcel is classified as developable if either it is already developed or under development or if its land value per unit area of land is greater than or has a higher assessment value per ft2 than ten percent of the average of assessment value per ft2 land of the non-public developed parcels in Riverside[footnoteRef:21].   [21:  The 10% of the assessment value per ft2 of land of average assessed value per ft2 of developed parcels in Riverside as the cut off value is based on only three test trials.  However, based on this model, the targeted accuracy rate is 90% accurate for both undevelopable and developable vacant land.  So using 10% of the assessment value per ft2 of land of average assessed value per ft2 of developed parcels in Riverside as the cut off value has already achieved the purpose.  Furthermore, it is too costly to find a more accurate value.  Each test run needs more than 6-8 hours of ground truth tracking per person, because ground truth tracking method requires data been collected by reading the map manually.] 


3.2.        Estimating a Logistic Model of Developability

A logistic model of developability is now estimated, using the sampled parcels with their developability determined according to ground truth tracking, as described above, entered as zero or one.  The dependent variable is the developability of a parcel determined according to ground-truth tracking.  The independent variable is the assessed value per unit land area. The estimated equation is:


where Devi is the assigned developability status of  parcel i;  value_sqi is the assessed value per ft2 of the parcel;  a and b are the coefficients to be estimated.    

Here are the steps for building a logistic model:
a.	Input the Excel spreadsheet.  WindowData Editor.  Copy and paste the dependent and independent data to Stata, inserting variable names into the first row.
b.	Logistics analysis.  StatisticsBinary outcomesLogistic regression.
c.	Model details
All 750 sampled parcels were used (it was possible to calculate value per ft2 of all the sampled parcels).  The odds ratio is Dev/(1 - Dev) = exp{a + b*value_sq}.  Thus, the log of the odds ratio is a ln{Dev/(1 - Dev)} ={a + b*value_sq}, so that the derivative of the log odds ratio with respect to value_sq is dln{Dev/(1 - Dev)}/dvalue_sq = b.  The estimated value of b, 0.33, indicates that, at the point of means, which is $10.8027 per ft2, a $1.00 increase in value per ft2 increases the probability that a parcel is developable from 31.91% to 39.48%.  The mean of dependent variable, developability, of the sample is 0.40267 with a standard deviation of 0.49076.  And the mean of independent value, assessment value per ft2, is 10.8027 with a standard deviation of 10.5171[footnoteRef:22]. [22:  The cause of large standard deviation is the assessment value per ft2 varies a lot for different MZs.  For example, MZs, like Riverside or Riverside East, have relatively higher assessment value and smaller land parcel size for land use 3000 and 3100, while MZs, like East Mojave, have lower assessment value and larger land parcel size for land use 3000 and 3100.] 


Apply the regression equation from the previous step to impute a developability to all ambiguously developable vacant land parcels in Riverside County.  Assign a developability equal to 1 for all parcels with a developed land use code (all land use codes other than those listed in Table 1) or with one of the vacant land use codes indicated in Table 3. Finally, assign a developability equal to 0 for all parcels with one of the vacant land use codes indicated in Table 2 or land use code 1270 (military installation), 1271 (military base), 1273 (military air field), 40xx (the water land use codes), or 0.  Land use 1274 and 1276 are assigned with developability 1. And for developability of former military bases vacant 1275, the data comes from Section 2.5.

The following are the results generated by Stat 11.
Logistic regression                                              Number of obs    =        750
                                                                             LR chi2(1)          =     783.80
                                                                             Prob > chi2         =     0.0000
Log likelihood = -113.65827                               Pseudo R2          =     0.7752
---------------------------------------------------------------------------------------------------------------
    dev_ab |      Coef.              Std. Err.            z         P>|z|                    [95% Conf. Interval]
-------------+-------------------------------------------------------------------------------------------------
    value_sq |   .3308811        .029916          11.06     0.000                  .2722467    .3895154
       _cons |  -4.332552          .3448423      -12.56     0.000                  -5.008431   -3.656673
So the logistic regression result is 


Note:  stands for developability of a parcel i, and value_sq stands for the assessment values per sq foot of the parcel.


3.3.       Model Results

The Section includes the descriptions of the terms introduced in the Section 3.2[footnoteRef:23]. [23:  A more detailed descriptions can be found at http://www.ats.ucla.edu/stat/stata/dae/logit.htm] 

Log likelihood - The value -113.65827 has no meaning in and of itself; rather, this number can be used to help compare nested models.  
Std. Err. - These are the standard errors associated with the coefficients.  The standard error is used for testing whether the parameter is significantly different from 0; by dividing the parameter estimate by the standard error you obtain a z-value (see the column with z-values and p-values).  The standard errors can also be used to form a confidence interval for the parameter, as shown in the last two columns of this table.
 z and P>|z| - These columns provide the z-value used in testing the null hypothesis that the coefficient (parameter) is 0.   
[95% Conf. Interval] - This shows a 95% confidence interval for the coefficient.  This is very useful as it helps us understand how high and how low the actual population value of the parameter might be.  The confidence intervals are related to the p-values such that the coefficient will not be statistically significant if the confidence interval includes 0. 

4.	Spatial Smoothing for Riverside County

At this point, a developability has been assigned to each ambiguously developable vacant land parcel on the basis of its assessed land value per ft2.  A parcel's assessed value may however be measured with error.  Furthermore, one expects spatial autocorrelation in ambiguously developable vacant land parcels' developability.  One would expect that stopping here would give rise to anomalies, and indeed that is what was observed.  Both sources of noise can be addressed by spatial smoothing.  A very simple method of spatial smoothing is effective.  Each ambiguously developable vacant land parcel's smoothed developability[footnoteRef:24] is computed as the average of their own unsmoothed developability and the unsmoothed developability of all its neighboring or contiguous parcels.    [24:  It means the developability of ambiguously developable land parcels after spatial smoothing] 


Spatial smoothing method:
a.	Find neighboring parcels.  For each ambiguously developable vacant land parcel, find the neighboring parcels, using the ArcGIS near function with distance set equal to zero.  Convert the attribute table in ArcGIS to an Excel table. 
b.	Calculate the smoothed developability. For each ambiguously developable vacant land parcel, compute its smoothed developability as the average of its own unsmoothed developability and that of its neighboring parcels.



5.	Defining Developable and Undevelopable Ambiguously Developable Vacant Land Parcels for Riverside County

At this point, a smoothed developability has been assigned to each ambiguously developable land parcel.  Each such parcel is defined to be undevelopable vacant land if its smoothed developability is less than a certain cut off developability, and if its smoothed developability is higher or equal to that cut off developability, the parcel will be defined as developable vacant land.  The cut off developability used in this report is 0.1.

The following is the method used to find that cut off developability.  For each MZ in Riverside County, two samples of size 50 are chosen from parcels with land use ambiguously developable vacant land in each MZ.  One for vacant parcels that, for the chosen cut off developability, are classified as developable according to the method in Section 3.1, the other for parcels that, for the chosen cut off developability, are classified as undevelopable.  Each sample vacant parcel is then assigned a developability status on the basis of the ground truth tracking method described in Section 3.1.  A type I error is said to occur if the vacant parcel is classified as being developable according to the above procedure but should be classified as undevelopable according to the ground truth tracking method.  A type II error is said to occur if the parcel is classified as being undevelopable according to the above procedure but is classified as developable according to the ground truth tracking method. 0.1 as cut off developability was chosen so that the percentage of type I and type II errors is approximately the same.  For Riverside County, cut off developability as 0.1 worked well. In particular, the rate of Type I errors according to the above definition was 2.60%, and the rate of Type II errors is 5.43% .  The same value of cut off developability was used for the other counties, and worked well there[footnoteRef:25].   [25:  The two types of errors of other counties are given in Section 8.] 


6.	Vacant Parcels Close to Major Road InterSections and Land Use Type 0 

6.1.	Vacant land close to major road interSections

The previous steps have not taken into account proximity to major road networks.  In both the deserts and the mountains, there is often development at major road interSections.  The developability of land near these nodes is likely reflected in the assessed value of vacant land per unit area, but may be masked by spatial smoothing.  This step makes the adjustment of defining all vacant parcels with 0.25 miles of a major road interSection as developable.  A road is classified as a major road if and only if it is an interstate highway, a state route -- full access, state routes -- limited access, or a US routes -- limited access.  Wenwen Li developed the major road networks and it can be found at  ftp://mrpi.geog.ucsb.edu/data/13_Abstract_Road_Network/.

The following method is employed to generate the major road network using ArcCatalog (network analysis). This network is then used to identify interSections of the major road network. 

The basic steps to find major roads interSections: 
a.	Click  Tool, and click Extensions. Check Network Analyst. 
b.	Since a shapefile-based network dataset is being created navigate to the shape file location in the Catalog tree.  Right-click the shapefile, and click New Network Dataset.  Type a name for the network dataset.
c.	Check all the feature classes that will be used as network sources in the network.  Accept the default connectivity settings, click Connectivity, and make changes to the connectivity settings. 
d.	Click No since if no turns is needed.  Optionally check the Turn Sources check box. Click Next. 
e.	Click No since driving directions are not needed. 
f.	Optionally click Directions, and adjust the settings on the Network Dataset Properties dialog box.  Click Finish. 
g.	Click yes to build the network dataset. 

After locating all the major roads interSections, near function is used to find all parcels within 0.25 miles of the major road network interSection classified in the most recent step of the procedure as undevelopable and reclassify them as developable.  


6.2.	Land Use Type 0

Land use type 0 is an unique land use type.  Based on the database user manual[footnoteRef:26], a parcel with land use code 0 means "No Land Use Code".  Most of the parcels with land use code 0 located randomly in each county, except Ventura County[footnoteRef:27].  So the developability of each parcel with land use code 0 is calculated as the average of the unsmoothed developability of its neighboring parcels only (in contrast to the procedure for 3000 and 3100 parcels, in which the unsmoothed developability of the parcel itself was included in computing the average).   [26:  It can be found at ftp://mrpi.geog.ucsb.edu/data/00_Data%20Manual/DATA_MANUAL.pdf]  [27:  The use of land use type 0 in Ventura County is given in Section 8.4] 


7.	The Riverside County Map

In all the maps, including Section 7 and 8, the following color coding system is used:
· Yellow			Developed land
· Dark Red		Undevelopable vacant land
· Green			Developable vacant land
· Blue 			Water
· Black Lines	            Major roads
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Figure 1:  Riverside County Vacant Land Analysis

[image: RV_draft1]
 
Figure 1 is the Riverside County map.  The method described in this Report was developed incrementally, in response to addressing anomalies.  Figure 1 contains a few apparent anomalies but on closer examination all seem to have a sound explanation. 

For example, the large developed area (yellow) in the desert near the southeast corner of the map is a state prison; the developed area labeled Eagle Mountains as well as that towards the northeast corner of the map are ghost towns that were previously mining towns; in the San Jacinto State Wilderness is Idyllwild, a mountain resort.  On the southwest of this map, there are lots of developable vacant land parcels around City of Blythe.  The main reason is most of the developable vacant land belongs to agricultural land use.











8. Other Counties

8.1.     Los Angeles County

The method used to analyze developability of vacant land in Los Angeles County is the same as the details mentioned from Section 2 to Section 7 for Riverside County with only one difference.  The difference is the sample size selected from ambiguously developable vacant land parcels for ground truth tracking.  In some of Los Angeles County's model zones, the total number of ambiguously developable vacant parcels is less than 50.  For these model zones, instead of selecting 50 samples from each MZ as mentioned in Section 2.1, the ground truth tracked sample is one-half of the size total number of ambiguously developable vacant parcels.  

By using the same method used in Section 5, except the ground truth tracking sample size, to assess the result, the proportion of type I errors is 4.95% and of type II errors 3.23%.  

Figure 2 is the map of Los Angeles County[footnoteRef:28].  The two most obvious apparent anomalies are the yellow area on the northeast of Los Angeles County and several yellow squares on the northern part of the County.  Based on ground truth tracking, the yellow area represents a military air base.  For the yellow squares located on the northern part of the LA County, all of them are electrical power facilities (Land use type code 1431).   [28:  Based on the research, part of San Clemente Island is used as a military base now, but they use land use type 0.  The main cause of that may be lacking funding or other reasons. ] 



Figure 2: Los Angeles County Vacant land analysis
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8.2.     Orange County

The method employed for Orange County and Los Angeles County are the same.  

By using the method in Section 8.1 to assess the result, the proportion of Type I errors is 8.56% and the proportion of Type II errors is 4.79%, which is deemed satisfactory.

Figure 3 is the map of Orange County.  The most obvious apparent anomaly is the many small undevelopable vacant areas around Mission Viejo and Lake Forest City.  From Vanishing Orange County[footnoteRef:29], by Chris Epting, this area was considered by early developers in 60s as simply "undevelopable", because a large portion of this area is covered by mountains and forests.  Now, based on Google Map, it ascertained that these undevelopable vacant lands in that area are city parks, for which the cities are well known. [29:  A preview of the book can be found at http://books.google.com/books?id=_U7xVtLFR1gC&pg=PA33&dq=Mission+Viejo,+California+undevelopable#v=onepage&q&f=false] 
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Figure 3: Orange County Vacant land analysis

[image: OC_draft1]
8.3.     San Bernardino County

The method employed in San Bernardino is exactly the same as that employed in Riverside County.  

By using the same method used in Section 5 to assess the result, the proportion of Type I errors is 2.80% and the proportion of Type II errors is 1.97%, which is deemed satisfactory.

Figure 4 is the San Bernardino County map.  The most obvious apparent anomaly is the two lines of yellow dots extending approximately northeast from the center of the map.  These are electric power facilities, with land use code 1432.  Some of the yellow dots along I-40 and CA-62 corresponding to abandoned mining towns.  San Bernardino is notable for its large number of military bases, the names of which were obtained from Wikipedia.






Figure 4: San Bernardino County Vacant land analysis
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8.4.     Ventura County

The method employed in Ventura County is the same as that employed in Riverside County in all but two respects, one minor, one fairly major.  The minor difference is that since there are only three model zones in Ventura County, 100 ambiguously developable vacant parcels in each MZ are randomly sampled to do the ground truth tracking.  

The fairly major difference concerns land use code 0.  In all the other counties, land use code 0 is applied to parcels whose land use is, for whatever reason, unclassified, with some land use code 0's being developed, others vacant and developable, and yet others vacant and undevelopable, as shown in Table 8.  In those counties, roads are not included in the parcel database, and the area of land in roads is calculated as a residual, total county land area minus the land area of parcels in the parcel database.  In Ventura County, a considerably larger proportion of land has land use code 0 than in the other counties.   Figure 5 displays a Google Earth map for some parcels with land use code 0 in Ventura County.  The red areas indicate the land use type 0 in Ventura County.  Visual inspection suggests that at least most and perhaps all[footnoteRef:30] the parcels with land use code 0 in Ventura County correspond to roads, though not all land in roads is assigned land use code 0.  To achieve consistency with the other counties, land use type 0 in Ventura County is assigned to developed category.  [30:  The one exception is that all of Anacapa Island is assigned a land use code of 0.  However, this island belongs to Channel Islands National Park.] 


By using the same method used in Section 5 to assess the result, the proportion of type I errors is 7.12% and of type II errors 4.52%, which is judged acceptable.  


Figure 5: Land Use Type 0 in Ventura County
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Figure 6: Ventura County Vacant land analysis
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8.5.     Imperial County

The method employed in Imperial County is exactly the same as that for Ventura County.  Imperial County has a considerably larger proportion of its land in agricultural use, and therefore classified as developable vacant land, than the other counties.  None of the three military bases can be found based on Internet search.  

By using the same method used in Section 5 to assess the result, the proportion of type I errors is 7.58% and of type II errors 3.79%, both of which are deemed acceptable.  

Figure 7 is the Imperial County map.  It should be noted that, because of the relatively small size of Imperial County, the resolution is higher than that for the other counties.  The three apparently anomalous developed areas that are not marked as military installations are probably military installations too. 



Figure 7: Imperial County Vacant land analysis
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9.	Results

This Section presents four tables giving the Report's results on the developable vacant land area and undevelopable vacant land area by model zone for the LA Metro Area.  Table 5 gives the total land area and total developable land area.  Table 6 and 7 give the total undevelopable land and developable land in different categories.  And Table 8 gives the total land area and total undevelopable land area with land use code 0.

















Table 5: Summary of Vacant and Other Land Use in sq miles
	MZ ID
	MZ Name
	Total Land area
	Total Vacant land area
	Total Developable Vacant land area
	Total Undevelopable Land area
	Total Residual Land Area
	Total Developed Area

	1
	Downtown Los Angeles
	51.471
	1.263
	0.5716
	0.6914
	8.638
	50.208

	2
	Westside
	15.196
	0.3246
	0.2891
	0.0355
	2.927
	14.8714

	3
	Glendale
	50.516
	7.3078
	4.8257
	2.4821
	5.986
	43.2082

	4
	East Los Angeles
	40.975
	0.4403
	0.3997
	0.0406
	5.824
	40.5347

	5
	Maywood
	12.899
	0.3116
	0.2198
	0.0918
	2.195
	12.5874

	6
	Florence
	18.515
	0.2272
	0.0307
	0.1965
	5.111
	18.2878

	7
	Baldwin Hills
	87.115
	2.52
	1.5217
	0.9983
	8.642
	84.595

	8
	Beverly Hills
	66.46
	3.0307
	2.1899
	0.8408
	5.482
	63.4293

	9
	El Segundo
	40.804
	2.2138
	1.1439
	1.0699
	6.84
	38.5902

	10
	Santa Monica
	27.512
	0.6477
	0.3889
	0.2588
	4.32
	26.8643

	11
	Marina del Rey
	43.286
	0.9639
	0.6376
	0.3263
	2.344
	42.3221

	12
	Westwood
	12.18
	0.23
	0.1867
	0.0433
	0.895
	11.95

	13
	East Santa Monica Mtns
	80.952
	20.2962
	7.2838
	13.0124
	7.484
	60.6558

	14
	Reseda - van Nuys
	90.565
	3.8109
	3.2515
	0.5594
	6.83
	86.7541

	15
	East van Nuys
	55.372
	0.8764
	0.5258
	0.3506
	6.682
	54.4956

	16
	Burbank
	78.039
	19.4349
	3.2117
	16.2232
	7.546
	58.6041

	17
	Pasadena
	47.193
	4.1687
	3.5515
	0.6172
	5.922
	43.0243

	18
	East Pasadena
	35.74
	2.4532
	1.58713
	0.86607
	5.447
	33.2868

	19
	Rosemead
	50.694
	3.3435
	1.7717
	1.5718
	5.403
	47.3505

	20
	Pico Rivera
	30.475
	1.0982
	0.7565
	0.3417
	5.563
	29.3768

	21
	South Gate
	24.86
	0.7636
	0.3717
	0.3919
	4.593
	24.0964

	22
	West Compton
	33.509
	1.13
	0.6831
	0.4469
	7.038
	32.379

	23
	Torrance
	61.502
	0.8413
	0.3351
	0.5062
	4.016
	60.6607

	24
	Palos Verdes
	113.076
	6.6144
	4.6634
	1.951
	9.059
	106.4616

	25
	Carson
	99.729
	2.39
	1.8192
	0.5708
	5.564
	97.339

	26
	Long Beach
	11.726
	0.07158
	0.01558
	0.056
	1.128
	11.65442

	27
	Signal Hill
	90.18
	3.1055
	2.3543
	0.7512
	11.081
	87.0745

	28
	Compton
	35.655
	1.1114
	0.6982
	0.4132
	5.824
	34.5436

	29
	Hawaiian Gardens
	35.303
	1.666
	0.2331
	1.4329
	4.596
	33.637

	30
	Cerritos
	5.737
	0.1467
	0.0131
	0.1336
	1.364
	5.5903

	31
	Norwalk
	72.151
	2.2697
	1.2595
	1.0102
	11.335
	69.8813

	32
	Industry
	81.015
	14.8527
	5.7694
	9.0833
	7.807
	66.1623

	33
	Diamond Bar
	98.219
	18.5122
	8.3533
	10.1589
	7.171
	79.7068

	34
	North El Monte
	34.22
	2.1161
	0.1369
	1.9792
	4.223
	32.1039

	35
	West Covina
	19.1
	0.2548
	0.0684
	0.1864
	3.391
	18.8452

	36
	Glendora
	40.932
	5.0814
	2.4158
	2.6656
	4.102
	35.8506

	37
	La Verne - Azusa
	372.981
	296.129
	7.9142
	288.2148
	12.187
	76.852

	38
	Altadena
	253.41
	163.338
	6.0955
	157.2425
	6.405
	90.072

	39
	North Hills - Sylmar
	69.608
	5.4548
	2.421
	3.0338
	8.445
	64.1532

	40
	Chatsworth
	83.772
	18.2465
	3.5377
	14.7088
	5.868
	65.5255

	41
	Calabasas
	126.812
	30.76
	3.0005
	27.7595
	6.445
	96.052

	42
	Malibu - Point Dume
	78.16
	57.6355
	5.5436
	52.0919
	2.774
	20.5245

	43
	Agoura Hills
	73.352
	26.9264
	3.4409
	23.4855
	2.475
	46.4256

	44
	Lake Los Angeles
	529.662
	473.01
	35.4054
	437.6046
	8.913
	56.652

	45
	Lancaster - Palmdale
	668.241
	471.965
	81.5969
	390.3681
	24.566
	196.276

	46
	Santa Clarita
	891.565
	639.204
	128.7404
	510.4636
	21.053
	252.361

	47
	Ventura North County
	1378.17
	1290.887
	113.79
	1177.097
	2.072
	87.283

	48
	Thousand Oaks
	275.34
	190.278
	45.1115
	145.1665
	-0.496
	85.062

	49
	Oxnard - Camarillo
	170.917
	101.646
	55.4771
	46.1689
	0.675
	69.271

	50
	Seal Beach - Los Alamitos
	24.999
	1.0502
	0.6402
	0.41
	3.914
	23.9488

	51
	Cypress
	11.793
	0.5332
	0.2581
	0.2751
	2.559
	11.2598

	52
	South Buena Park
	6.113
	0.5076
	0.3067
	0.2009
	1.358
	5.6054

	53
	Buena Park - La Habra
	41.767
	3.3651
	1.7222
	1.6429
	8.704
	38.4019

	54
	Placentia
	17.968
	0.6032
	0.4264
	0.1768
	4.067
	17.3648

	55
	Yorba Linda
	29.978
	13.4854
	4.5848
	8.9006
	3.846
	16.4926

	56
	Huntington Beach
	33.288
	3.1876
	1.8741
	1.3135
	7.225
	30.1004

	57
	Garden Grove
	26.292
	0.7314
	0.3114
	0.42
	6.014
	25.5606

	58
	Anaheim
	22.563
	0.9234
	0.5661
	0.3573
	4.978
	21.6396

	59
	North Tustin
	89.236
	44.3317
	10.6172
	33.7145
	6.554
	44.9043

	60
	Costa Mesa
	13.846
	1.432
	0.4992
	0.9328
	2.901
	12.414

	61
	Santa Ana
	48.16
	3.7087
	1.8861
	1.8226
	11.024
	44.4513

	62
	Tustin
	10.375
	2.1284
	1.9656
	0.1628
	1.794
	8.2466

	63
	Newport Coast
	63.996
	27.3048
	7.7988
	19.506
	6.274
	36.6912

	64
	Irvine
	33.024
	13.7806
	9.5228
	4.2578
	3.506
	19.2434

	65
	East Orange County
	218.323
	159.626
	21.181
	138.445
	10.942
	58.697

	66
	San Juan Capistrano
	64.424
	27.2435
	7.9346
	19.3089
	6.616
	37.1805

	67
	Montclair - Chino
	91.344
	46.8901
	19.6916
	27.1985
	9.02
	44.4539

	68
	Ontario
	10.054
	0.6776
	0.5868
	0.0908
	2.284
	9.3764

	69
	Rancho Cucamonga
	35.084
	4.6371
	4.2511
	0.386
	5.478
	30.4469

	70
	Upland
	152.875
	107.577
	11.2318
	96.3452
	10.344
	45.298

	71
	Fontana
	47.697
	8.4139
	6.6121
	1.8018
	7.642
	39.2831

	72
	Colton
	44.575
	8.9147
	6.4294
	2.4853
	6.293
	35.6603

	73
	San Bernardino
	11.111
	1.3821
	1.2482
	0.1339
	2.319
	9.7289

	74
	Redlands - Highland
	41.567
	14.3332
	7.7862
	6.547
	5.676
	27.2338

	75
	Crestline
	177.629
	119.443
	16.6947
	102.7483
	11.652
	58.186

	76
	Victorville
	1154.902
	919.162
	102.4436
	816.7184
	37.768
	235.74

	77
	Lucerne Valley
	1686.873
	1614.328
	69.5393
	1544.7887
	3.818
	72.545

	78
	San Bernardino Mountains
	419.209
	367.087
	31.5741
	335.5129
	11.407
	52.122

	79
	Northwest Mojave
	4609.242
	2672.518
	69.9315
	2602.5865
	12.545
	1936.724

	80
	Northeast Mojave
	10935.651
	9881.851
	118.417
	9763.434
	22.124
	1053.8

	81
	Corona
	183.207
	119.091
	16.265
	102.826
	12.439
	64.116

	82
	Riverside
	95.771
	36.0886
	30.3819
	5.7067
	12.242
	59.6824

	83
	Indio
	43.89
	25.4621
	23.2701
	2.192
	4.824
	18.4279

	84
	East Mojave
	4236.417
	3927.614
	265.481
	3662.133
	32.446
	308.803

	85
	Lake Elsinore
	232.275
	173.406
	23.8496
	149.5564
	11.783
	58.869

	86
	East Riverside
	20.08
	6.163
	3.3808
	2.7822
	3.074
	13.917

	87
	Moreno Valley
	105.633
	46.3995
	19.8814
	26.5181
	11.653
	59.2335

	88
	Perris
	151.916
	100.537
	44.366
	56.171
	10.723
	51.379

	89
	Banning
	307.24
	259.271
	38.9493
	220.3217
	12.725
	47.969

	90
	Hemet
	759.215
	660.329
	82.8042
	577.5248
	18.106
	98.886

	91
	Temecula
	102.262
	63.2861
	35.3009
	27.9852
	10.204
	38.9759

	92
	Palm Springs
	173.832
	134.556
	9.356
	125.2
	9.067
	39.276

	93
	La Quinta
	529.019
	493.247
	63.1414
	430.1056
	7.513
	35.772

	94
	Cathedral City
	24.858
	12.5641
	8.46929
	4.09481
	2.642
	12.2939

	95
	Palm Desert
	38.115
	18.9605
	11.5569
	7.4036
	2.868
	19.1545

	96
	Imperial Valley
	3969.499
	3170.748
	685.58
	2485.168
	30.827
	798.751

	97
	El Centro
	164.99
	137.28
	136.8055
	0.4745
	8.415
	27.71

	Total
	38077.039
	29357.531
	2592.982
	26764.549
	745.954
	8719.508



Note:  the MZ ID and MZ names are given in the SCAG database.  The total vacant land area is calculated based on the sum of areas of vacant land parcels, using ArcGIS.  The developable land area and undevelopable vacant land area are calculated from the sum of areas of developable and undevelopable vacant land parcels.  And residuals means the land allocated to roads or at least a right of way associated with a road.  Total developed area means all the lands other than vacant land, water body, and residuals.

All the sizes of parcels used in this report are parcels' shape file sizes calculated by ArcGIS.
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Table 6: Summary of Undevelopable Vacant Land in sq miles
	MZ ID
	Model Zone Name
	Undevelopable Vacant land use based on Land use Code Only
	Undevelopable 3000 &3100 Land
	Undevelopable Military Vacant land
	Total undevelopable vacant land area 

	1
	Downtown Los Angeles
	0
	0.6914
	0
	0.6914

	2
	Westside
	0
	0.0355
	0
	0.0355

	3
	Glendale
	0.2
	2.2821
	0
	2.4821

	4
	East Los Angeles
	0
	0.0406
	0
	0.0406

	5
	Maywood
	0
	0.0918
	0
	0.0918

	6
	Florence
	0
	0.1965
	0
	0.1965

	7
	Baldwin Hills
	0
	0.9983
	0
	0.9983

	8
	Beverly Hills
	0.2929
	0.5479
	0
	0.8408

	9
	El Segundo
	0
	1.0699
	0
	1.0699

	10
	Santa Monica
	0
	0.2588
	0
	0.2588

	11
	Marina del Rey
	0
	0.3263
	0
	0.3263

	12
	Westwood
	0
	0.0433
	0
	0.0433

	13
	East Santa Monica Mtns
	0.6884
	12.324
	0
	13.0124

	14
	Reseda - van Nuys
	0.3029
	0.2565
	0
	0.5594

	15
	East van Nuys
	0
	0.3506
	0
	0.3506

	16
	Burbank
	0.3736
	15.8496
	0
	16.2232

	17
	Pasadena
	0
	0.6172
	0
	0.6172

	18
	East Pasadena
	0.78011
	0.08596
	0
	0.86607

	19
	Rosemead
	0
	1.5718
	0
	1.5718

	20
	Pico Rivera
	0
	0.3417
	0
	0.3417

	21
	South Gate
	0
	0.3919
	0
	0.3919

	22
	West Compton
	0
	0.4469
	0
	0.4469

	23
	Torrance
	0
	0.5062
	0
	0.5062

	24
	Palos Verdes
	0
	1.951
	0
	1.951

	25
	Carson
	0
	0.5708
	0
	0.5708

	26
	Long Beach
	0
	0.056
	0
	0.056

	27
	Signal Hill
	0
	0.7512
	0
	0.7512

	28
	Compton
	0
	0.4132
	0
	0.4132

	29
	Hawaiian Gardens
	0
	1.4329
	0
	1.4329

	30
	Cerritos
	0
	0.1336
	0
	0.1336

	31
	Norwalk
	0
	1.0102
	0
	1.0102

	32
	Industry
	1.616
	7.4673
	0
	9.0833

	33
	Diamond Bar
	2.1542
	8.0047
	0
	10.1589

	34
	North El Monte
	0
	1.9792
	0
	1.9792

	35
	West Covina
	0
	0.1864
	0
	0.1864

	36
	Glendora
	0.7811
	1.8845
	0
	2.6656

	37
	La Verne - Azusa
	11.7798
	276.435
	0
	288.2148

	38
	Altadena
	2.3205
	154.922
	0
	157.2425

	39
	North Hills - Sylmar
	0.3668
	2.667
	0
	3.0338

	40
	Chatsworth
	0.4137
	14.2951
	0
	14.7088

	41
	Calabasas
	0.5081
	27.2514
	0
	27.7595

	42
	Malibu - Point Dume
	1.2078
	50.8841
	0
	52.0919

	43
	Agoura Hills
	1.1402
	22.3453
	0
	23.4855

	44
	Lake Los Angeles
	2.3836
	435.221
	0
	437.6046

	45
	Lancaster - Palmdale
	2.8381
	387.53
	0
	390.3681

	46
	Santa Clarita
	7.9256
	502.538
	0
	510.4636

	47
	Ventura North County
	973.793
	203.304
	0
	1177.097

	48
	Thousand Oaks
	50.8078
	94.3587
	0
	145.1665

	49
	Oxnard - Camarillo
	29.7471
	16.4218
	0
	46.1689

	50
	Seal Beach - Los Alamitos
	0
	0.41
	0
	0.41

	51
	Cypress
	0
	0.2751
	0
	0.2751

	52
	South Buena Park
	0
	0.2009
	0
	0.2009

	53
	Buena Park - La Habra
	1.6367
	0.0062
	0
	1.6429

	54
	Placentia
	0
	0.1768
	0
	0.1768

	55
	Yorba Linda
	0.7444
	8.1562
	0
	8.9006

	56
	Huntington Beach
	0
	1.3135
	0
	1.3135

	57
	Garden Grove
	0
	0.42
	0
	0.42

	58
	Anaheim
	0
	0.3573
	0
	0.3573

	59
	North Tustin
	5.8582
	27.8563
	0
	33.7145

	60
	Costa Mesa
	0
	0.9328
	0
	0.9328

	61
	Santa Ana
	0
	1.8226
	0
	1.8226

	62
	Tustin
	0
	0.1628
	0
	0.1628

	63
	Newport Coast
	3.5205
	15.9855
	0
	19.506

	64
	Irvine
	0.7354
	3.5224
	0
	4.2578

	65
	East Orange County
	20.931
	117.514
	0
	138.445

	66
	San Juan Capistrano
	11.2952
	8.0137
	0
	19.3089

	67
	Montclair - Chino
	15.4023
	10.3431
	1.4531
	27.1985

	68
	Ontario
	0
	0.0908
	0
	0.0908

	69
	Rancho Cucamonga
	0
	0.386
	0
	0.386

	70
	Upland
	0.6371
	95.7081
	0
	96.3452

	71
	Fontana
	0.8144
	0.9874
	0
	1.8018

	72
	Colton
	2.2176
	0.2677
	0
	2.4853

	73
	San Bernardino
	0
	0.1339
	0
	0.1339

	74
	Redlands - Highland
	0.3419
	6.2051
	0
	6.547

	75
	Crestline
	0.8643
	101.884
	0
	102.7483

	76
	Victorville
	1.0404
	815.678
	0
	816.7184

	77
	Lucerne Valley
	0.3207
	1544.468
	0
	1544.789

	78
	San Bernardino Mountains
	0.7589
	334.754
	0
	335.5129

	79
	Northwest Mojave
	0.0145
	2602.572
	0
	2602.587

	80
	Northeast Mojave
	146.28
	9606.57
	10.584
	9763.434

	81
	Corona
	4.0662
	98.7598
	0
	102.826

	82
	Riverside
	0
	5.7067
	0
	5.7067

	83
	Indio
	0.4277
	1.7643
	0
	2.192

	84
	East Mojave
	1012.882
	2645.499
	3.752
	3662.133

	85
	Lake Elsinore
	12.2814
	137.275
	0
	149.5564

	86
	East Riverside
	1.4465
	1.3357
	0
	2.7822

	87
	Moreno Valley
	5.0328
	21.4853
	0
	26.5181

	88
	Perris
	4.4503
	51.7207
	0
	56.171

	89
	Banning
	25.3267
	194.995
	0
	220.3217

	90
	Hemet
	12.4628
	565.062
	0
	577.5248

	91
	Temecula
	1.3857
	26.5995
	0
	27.9852

	92
	Palm Springs
	4.327
	120.873
	0
	125.2

	93
	La Quinta
	17.1506
	412.955
	0
	430.1056

	94
	Cathedral City
	0.4087
	3.68611
	0
	4.09481

	95
	Palm Desert
	0.9
	6.5036
	0
	7.4036

	96
	Imperial Valley
	17.004
	2467.864
	0.302
	2485.168

	97
	El Centro
	0.3063
	0.1682
	0
	0.4745

	Total  
	2425.7919
	24322.77
	15.9911
	26764.55



Note: The undevelopable vacant land area is calculated by total vacant land area subtracting the developable vacant land area.  For the undevelopable vacant land based on land use code only is calculated by adding up all the parcels belong to land use types listed table 2.  The undevelopable 3000 and 3100 land area are calculated from the sum of areas of smoothed undevelopable 3000 and 3100 land parcels.







Table 7: Summary of Developable Vacant Land in sq miles
	MZ ID
	MZ Name
	Developable Vacant Land based on Land use Code only
	Developable 3000 &3100 
	Developable Military Vacant Land
	Total Developable Vacant land

	1
	Downtown Los Angeles
	0.08574
	0.48586
	0
	0.5716

	2
	Westside
	0.043365
	0.245735
	0
	0.2891

	3
	Glendale
	0.723855
	4.101845
	0
	4.8257

	4
	East Los Angeles
	0.059955
	0.339745
	0
	0.3997

	5
	Maywood
	0.03297
	0.18683
	0
	0.2198

	6
	Florence
	0.004605
	0.026095
	0
	0.0307

	7
	Baldwin Hills
	0.228255
	1.293445
	0
	1.5217

	8
	Beverly Hills
	0.328485
	1.861415
	0
	2.1899

	9
	El Segundo
	0.171585
	0.972315
	0
	1.1439

	10
	Santa Monica
	0.058335
	0.330565
	0
	0.3889

	11
	Marina del Rey
	0.09564
	0.54196
	0
	0.6376

	12
	Westwood
	0.028005
	0.158695
	0
	0.1867

	13
	East Santa Monica Mtns
	1.09257
	6.19123
	0
	7.2838

	14
	Reseda - van Nuys
	0.487725
	2.763775
	0
	3.2515

	15
	East van Nuys
	0.07887
	0.44693
	0
	0.5258

	16
	Burbank
	0.481755
	2.729945
	0
	3.2117

	17
	Pasadena
	0.532725
	3.018775
	0
	3.5515

	18
	East Pasadena
	0.2380695
	1.3490605
	0
	1.58713

	19
	Rosemead
	0.265755
	1.505945
	0
	1.7717

	20
	Pico Rivera
	0.113475
	0.643025
	0
	0.7565

	21
	South Gate
	0.055755
	0.315945
	0
	0.3717

	22
	West Compton
	0.102465
	0.580635
	0
	0.6831

	23
	Torrance
	0.050265
	0.284835
	0
	0.3351

	24
	Palos Verdes
	0.69951
	3.96389
	0
	4.6634

	25
	Carson
	0.27288
	1.54632
	0
	1.8192

	26
	Long Beach
	0.002337
	0.013243
	0
	0.01558

	27
	Signal Hill
	0.353145
	2.001155
	0
	2.3543

	28
	Compton
	0.10473
	0.59347
	0
	0.6982

	29
	Hawaiian Gardens
	0.034965
	0.198135
	0
	0.2331

	30
	Cerritos
	0.001965
	0.011135
	0
	0.0131

	31
	Norwalk
	0.188925
	1.070575
	0
	1.2595

	32
	Industry
	0.86541
	4.90399
	0
	5.7694

	33
	Diamond Bar
	1.252995
	7.100305
	0
	8.3533

	34
	North El Monte
	0.020535
	0.116365
	0
	0.1369

	35
	West Covina
	0.01026
	0.05814
	0
	0.0684

	36
	Glendora
	0.36237
	2.05343
	0
	2.4158

	37
	La Verne - Azusa
	1.18713
	6.72707
	0
	7.9142

	38
	Altadena
	0.8041
	5.181175
	0.1142
	6.0955

	39
	North Hills - Sylmar
	0.36315
	2.05785
	0
	2.421

	40
	Chatsworth
	0.530655
	3.007045
	0
	3.5377

	41
	Calabasas
	0.450075
	2.550425
	0
	3.0005

	42
	Malibu - Point Dume
	0.83154
	4.71206
	0
	5.5436

	43
	Agoura Hills
	0.516135
	2.924765
	0
	3.4409

	44
	Lake Los Angeles
	5.31081
	30.09459
	0
	35.4054

	45
	Lancaster - Palmdale
	12.239535
	69.357365
	0
	81.5969

	46
	Santa Clarita
	19.31106
	109.42934
	0
	128.7404

	47
	Ventura North County
	56.895
	56.895
	0
	113.79

	48
	Thousand Oaks
	22.55575
	22.55575
	0
	45.1115

	49
	Oxnard - Camarillo
	27.73855
	27.73855
	0
	55.4771

	50
	Seal Beach - Los Alamitos
	0.083226
	0.556974
	0
	0.6402

	51
	Cypress
	0.033553
	0.224547
	0
	0.2581

	52
	South Buena Park
	0.039871
	0.266829
	0
	0.3067

	53
	Buena Park - La Habra
	0.223886
	1.498314
	0
	1.7222

	54
	Placentia
	0.055432
	0.370968
	0
	0.4264

	55
	Yorba Linda
	0.596024
	3.988776
	0
	4.5848

	56
	Huntington Beach
	0.243633
	1.630467
	0
	1.8741

	57
	Garden Grove
	0.040482
	0.270918
	0
	0.3114

	58
	Anaheim
	0.073593
	0.492507
	0
	0.5661

	59
	North Tustin
	1.380236
	9.236964
	0
	10.6172

	60
	Costa Mesa
	0.064896
	0.434304
	0
	0.4992

	61
	Santa Ana
	0.245193
	1.640907
	0
	1.8861

	62
	Tustin
	0.255528
	1.710072
	0
	1.9656

	63
	Newport Coast
	1.013844
	6.784956
	0
	7.7988

	64
	Irvine
	1.237964
	8.284836
	0
	9.5228

	65
	East Orange County
	2.75353
	18.42747
	0
	21.181

	66
	San Juan Capistrano
	1.031498
	6.903102
	0
	7.9346

	67
	Montclair - Chino
	1.252208
	17.131692
	1.3577
	19.6916

	68
	Ontario
	0.076284
	0.510516
	0
	0.5868

	69
	Rancho Cucamonga
	0.552643
	3.698457
	0
	4.2511

	70
	Upland
	1.460134
	9.771666
	0
	11.2318

	71
	Fontana
	0.859573
	5.752527
	0
	6.6121

	72
	Colton
	0.835822
	5.593578
	0
	6.4294

	73
	San Bernardino
	0.162266
	1.085934
	0
	1.2482

	74
	Redlands - Highland
	1.012206
	6.773994
	0
	7.7862

	75
	Crestline
	2.170311
	14.524389
	0
	16.6947

	76
	Victorville
	13.317668
	89.125932
	0
	102.4436

	77
	Lucerne Valley
	9.040109
	60.499191
	0
	69.5393

	78
	San Bernardino Mountains
	4.104633
	27.469467
	0
	31.5741

	79
	Northwest Mojave
	9.091095
	60.840405
	0
	69.9315

	80
	Northeast Mojave
	12.2421
	103.02279
	3.1561
	118.417

	81
	Corona
	2.11445
	14.15055
	0
	16.265

	82
	Riverside
	3.949647
	26.432253
	0
	30.3819

	83
	Indio
	3.025113
	20.244987
	0
	23.2701

	84
	East Mojave
	34.51253
	230.96847
	0
	265.481

	85
	Lake Elsinore
	3.100448
	20.749152
	0
	23.8496

	86
	East Riverside
	0.439504
	2.941296
	0
	3.3808

	87
	Moreno Valley
	2.584582
	17.296818
	0
	19.8814

	88
	Perris
	5.76758
	38.59842
	0
	44.366

	89
	Banning
	5.063409
	33.885891
	0
	38.9493

	90
	Hemet
	10.764546
	72.039654
	0
	82.8042

	91
	Temecula
	4.589117
	30.711783
	0
	35.3009

	92
	Palm Springs
	1.21628
	8.13972
	0
	9.356

	93
	La Quinta
	8.208382
	54.933018
	0
	63.1414

	94
	Cathedral City
	1.1010077
	7.3682823
	0
	8.46929

	95
	Palm Desert
	1.502397
	10.054503
	0
	11.5569

	96
	Imperial Valley
	379.4439
	300.64
	5.4961
	685.58

	97
	El Centro
	79.4033
	55.835
	1.5672
	136.8055

	Total  
	770.5414
	1810.74899
	11.6913
	2592.9817



Note: The developable vacant land area is calculated by sum of developable vacant land parcels.  For the developable vacant land based on land use code only is calculated by adding up all the parcels belong to land use types listed table 1 and land use 1274 & 1276 in Section 2.5.  The developable 3000 and 3100 land area parcels are calculated from the sum of areas of developable 3000 and 3100 land parcels.  Developable military vacant land is calculated based on the result of Section 2.5.











Table 8: Total and Undevelopable Land Use Type 0 in sq. miles
	MZ (ID)
	MZ (Name)
	Undevelopable land use type 0 
	Total area land use type 0

	1
	Downtown Los Angeles
	N/A 
	0.0000

	2
	Westside
	N/A
	0.0000

	3
	Glendale
	N/A
	0.0000

	4
	East Los Angeles
	0
	0.0007

	5
	Maywood
	0
	0.0002

	6
	Florence
	0
	0.0002

	7
	Baldwin Hills
	0
	0.0012

	8
	Beverly Hills
	0
	0.0003

	9
	El Segundo
	0
	0.0004

	10
	Santa Monica
	N/A
	0.0000

	11
	Marina del Rey
	N/A
	0.0000

	12
	Westwood
	N/A
	0.0000

	13
	East Santa Monica Mtns
	N/A
	0.0000

	14
	Reseda - van Nuys
	N/A
	0.0000

	15
	East van Nuys
	N/A
	0.0000

	16
	Burbank
	N/A
	0.0000

	17
	Pasadena
	N/A
	0.0000

	18
	East Pasadena
	0.0002
	0.0005

	19
	Rosemead
	0.0004
	0.0011

	20
	Pico Rivera
	0
	0.0007

	21
	South Gate
	0.0003
	0.0009

	22
	West Compton
	0.0004
	0.0015

	23
	Torrance
	0
	0.0011

	24
	Palos Verdes
	0
	0.0015

	25
	Carson
	0
	0.0002

	26
	Long Beach
	N/A
	0.0000

	27
	Signal Hill
	0.0004
	0.0039

	28
	Compton
	0.0002
	0.0019

	29
	Hawaiian Gardens
	0
	0.0007

	30
	Cerritos
	N/A
	0.0000

	31
	Norwalk
	0.0009
	0.0070

	32
	Industry
	0.0005
	0.0027

	33
	Diamond Bar
	0
	0.0051

	34
	North El Monte
	0.0002
	0.0010

	35
	West Covina
	0.0007
	0.0009

	36
	Glendora
	0
	0.0007

	37
	La Verne - Azusa
	N/A
	0.0000

	38
	Altadena
	0
	0.0007

	39
	North Hills - Sylmar
	0
	0.0010

	40
	Chatsworth
	0
	0.0052

	41
	Calabasas
	0
	0.0006

	42
	Malibu - Point Dume
	0
	0.0003

	43
	Agoura Hills
	N/A
	0.0000

	44
	Lake Los Angeles
	0.0056
	0.0817

	45
	Lancaster - Palmdale
	0
	0.1648

	46
	Santa Clarita
	0.0075
	0.1497

	47
	Ventura North County
	0
	9.0740

	48
	Thousand Oaks
	0
	13.0971

	49
	Oxnard - Camarillo
	0
	8.8335

	50
	Seal Beach - Los Alamitos
	0.0145
	0.6723

	51
	Cypress
	0.0096
	0.0477

	52
	South Buena Park
	N/A
	0.0000

	53
	Buena Park - La Habra
	0
	0.0001

	54
	Placentia
	0.0056
	0.0246

	55
	Yorba Linda
	0.0132
	0.0708

	56
	Huntington Beach
	0.0099
	0.0319

	57
	Garden Grove
	0.0007
	0.0029

	58
	Anaheim
	N/A
	0.0000

	59
	North Tustin
	0.0049
	0.0453

	60
	Costa Mesa
	N/A
	0.0000

	61
	Santa Ana
	0.0092
	0.0142

	62
	Tustin
	0.0044
	0.0684

	63
	Newport Coast
	0.0891
	0.1550

	64
	Irvine
	0
	0.0108

	65
	East Orange County
	0
	0.0019

	66
	San Juan Capistrano
	0.0096
	0.0732

	67
	Montclair - Chino
	0.0086
	0.0251

	68
	Ontario
	N/A
	0.0000

	69
	Rancho Cucamonga
	0.0074
	0.0854

	70
	Upland
	0.0106
	0.7220

	71
	Fontana
	0.0007
	0.0862

	72
	Colton
	0.0004
	0.0466

	73
	San Bernardino
	0.0005
	0.0052

	74
	Redlands - Highland
	0.0001
	0.0220

	75
	Crestline
	0.0493
	0.5270

	76
	Victorville
	1.9862
	10.8545

	77
	Lucerne Valley
	1.445
	10.7072

	78
	San Bernardino Mountains
	2.9960
	2.9960

	79
	Northwest Mojave
	54.0524
	54.0524

	80
	Northeast Mojave
	135.3620
	135.3620

	81
	Corona
	0.449
	1.2027

	82
	Riverside
	0.0055
	0.3266

	83
	Indio
	0.0071
	0.1779

	84
	East Mojave
	0
	46.9396

	85
	Lake Elsinore
	0.0562
	1.2033

	86
	East Riverside
	0.0019
	0.0170

	87
	Moreno Valley
	0.0024
	0.5592

	88
	Perris
	0.0466
	1.3890

	89
	Banning
	0.4772
	2.5580

	90
	Hemet
	0.7581
	3.7792

	91
	Temecula
	0.0064
	0.6607

	92
	Palm Springs
	0.0002
	0.3221

	93
	La Quinta
	1.0001
	4.2143

	94
	Cathedral City
	0.0004
	0.1497

	95
	Palm Desert
	0.0001
	0.2781

	96
	Imperial Valley
	N/A
	0.0000

	97
	El Centro
	0.0258
	0.0258



Note: The total area of land use type 0 is calculated based on the sum of areas of land use type 0 parcels, using ArcGIS.  The undevelopable land use type 0 area are calculated from the sum of areas of developable vacant land parcels using the method in Section 2.7.  The percentage of developable land use type 0 means the percentage of developable land use type 0 among the total land use type 0 in each MZ.  N/A means no parcels in that category.

Reference

Huiling Zhang and Richard Arnott, 2011-2, Computing Value per Square Foot of Vacant Parcels and Aggregating to Model Zone Level at http://vcpa.ucr.edu/papers/vacant_land_imputation.pdf
Fahui Wang, 2006. Quantitative methods and applications in GIS, Chapter 2 and 3
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