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Input data layers

[bay_net3] 
= shapefile of ~1-square-mile cells (1620m2) that fall completely within [clip_area] and have mean [ex_lands] values greater than 0. 

[clip_area.shp] 
= feature theme of data area of [slope_pct22] 

[clip_area] 
= coverage theme of data area of [slope_pct22] 

[slope_pct22]
= binary of slope ( > 22% = 0, other = 1) derived from National Elevation Dataset (basin only)

[zero_00blks] 
= grid derived from polygon of all 2000 census blocks intersecting watershed with both zero population and zero housing units.  All zero_blocks = 0, other = 1.

[wwte] 
=  reclass of 2000 Land Cover v1.05 where all open water (class 1), emergent wetlands (class 37), transportation (class 8), extractive (class 17) areas = 0, other = 1. Set analysis extent and mask to [slope_pct22] 

[rddens_33x33] = 2000 GDT road density derived with a focalsum operation using a 1 km moving window 

[tgr_roads] = 
TIGER 1:100k Street Network with CFCC code attributes

[ex_lands] 
= areas where people are unlikely to live… e.g., steep slopes, zero blocks, open water, emergent wetlands, major roads, surface mines, and areas farther than 1 km from a road.  [ex_lands] = [rddens_33x33] * [slope_pct22] * [zero_00blks] * [wwte]. 

[ex_null] = 
This grid is the same as [ex_lands] except that all “0” values are set to “No Data”.  The purpose of this is to establish a stronger relationship between road density and lot size which is particularly distorted by averaging in zero values along the Bay coastline where housing densities are typically high.  ex_null = setnull ([ex_lands] = = 0,[ex_lands])

[90bgdata.shp] = 1990 census block group data from CensusCD 1990 + Maps 


[00bgdata.shp] = 2000 census block group data from CensusCD 2000 Long Form


Comments from the U.S. Census Bureau on housing data attributes:



[umdimp2k_v13] = 2000 percent impervious surfaces

[umdimp90_v13] = 1990 percent impervious surfaces

[parcel_pts] 
= parcel “centroid” data attributed with parcel size for Allegheny, Anne Arundel, Baltimore, Calvert, Carrol, Cecil, Montgomery, and Washington Counties

[RUCA_codes] = Rural-Urban Commuting Area Codes from the 1990 census tracts

[rla_hubs_with_data] = Ecological hubs with attribute data from the Resource Lands Assessment

[dcc_hubs_with_data] = Ecological hubs with attribute data from the DelMarVa Conservation Corridor Study

Creation of 1-square-mile Polygon Overlay Grid

In ArcMap

1. Generate a grid with cell size of 1620m2 that encompasses the Bay  watershed = [base_grid].

2. Set Analysis “extent” and “snap to” options = [ex_lands] and cell size = 1620m2.  Copy [base_grid] to [base_grid2]

In ArcInfo

3. Assign a unique ID to every grid cell by converting [base_grid2] to a fishnet polygon coverage.  

· Describe [base_grid2] and record origin (Xmin, Ymin), Y-axis (Xmin, Ymax), cell size, and number of rows and columns

· Generate net_1

i. Generate fishnet

ii. Input parameters as directed

iii. quit

· Build net_1

In ArcMap

4. Export [net_1] as a shapefile named [Bay_net].  Note: This must be done so that values can be summarized.  The zonal sum operation has difficulty dealing with coverages for some reason.

5. Set Analysis “extent” and “snap to” options = [ex_null] and cell size = 30m2. 

6. Summarize [ex_null] by “net_1_” field in batches of 15,000 records.  Join results to [net_1] and set equal to new field “rdd_exnull”.   

7. Select all records where “RDD_exnull” > 0 and export as [bay_net2]

8. Select all features from [bay_net2] that are completely within [clip_area] and export as [bay_net3].  Note: this will ensure that calculations in cells along the outer edge of the watershed are not skewed by the absence of data outside the border.  

9. Summarize the values from [ex_null], representing road density, by the [bay_net3] polygon theme

· Create a new unique ID field called “RECNO” and set equal to “FID + 1”.  

· Select records in batches of 15,000 to avoid crashing the system.  For example, first select “RECNO” < 15,000 and then summarize [ex_null] by “RECNO” zone. Join the results to [bay_net3] based on the “RECNO” field.  Save joined values to a new field “RDD_exnull”.  Remove all joins. Repeat until the field “RDD_exnull” is full for all records.

Housing Allocation Procedure


In ArcView 3.1:

1. Reproject [90bgdata.shp] and [00bgdata.shp] from Geographic to UTM 18, NAD 83, meters = 90bg_utm.shp and 00bg_utm.shp

2. Select all shapes intersecting [bay_net3.shp] and deselect stray polygons as needed.  Save selections as [90bg_inbay.shp] and [00bg_inbay.shp]

3. Add unique ID, “recno” to each polygon via ESRI script “addrecno”.

4. Calculate the area of each polygon (some are multi-part) using XTOOLS extension and save as a new field: “orig_acres”

5. Convert from multipart polygons to single part using XTOOLS.   Save as [90bg_snglpart.shp] and [00bg_snglpart.shp]

6. Note:  The line work in [90bg_snglpart.shp] and [00bg_snglpart.shp] includes many sliver polygons and needs cleaning.  In addition, the polygons need to be clipped to the watershed boundary because the excluded layer only encompasses the area within and just outside the watershed boundary.  Therefore, convert shapefile to regions at Arc prompt

· Precision double double

· Shapearc  90bg_snglpart.shp bg90 TYPE

· Clean bg90   Note: this creates a region file called bg1990 with theme name “TYPE”

· Regionpoly bg90 bg90_cov TYPE bg90_cov.SAFE   Note: this creates a coverage file called bg90_cov

· Clip bg90_cov clip_area bg90_clip

· Regiondissolve bg90_clip bg90_reg bg90_reg recno poly

· Kill bg90_clip all

7. Join attributes from [bg90_cov] to [bg90_reg] based on “recno” field.  Save as bg90_reg.shp 

8. Update area of [bg90_reg.shp] with XTOOLS and set “acres” equal to “reg_acres”

9. Calculate new field “shu_90” = [Hustr1de] * ([reg_acres] / [Orig_acres]).  Remove all joins.  Save all edits!  Follow the same procedure for the 2000 data substituting “00” for  “90” in the file names. Note: This procedure will allocate the area-proportioned population from block groups bisected by the watershed boundary to those portions of the polygons within the watershed.

In ArcMap,

10. Set analysis extent to “Same as Layer [ex_lands]”, reset analysis extent to “As Specified Below”, and set [ex_lands] as the snap to grid.  Note:  This will ensure that the zonal statistics add up to the grid totals and that any resultant grids snap to the [ex_lands] grid. 

11. Add a text field of 8 characters called “UniqueID” field to [bg90_reg] and [bg00_reg] and set equal to “FID + 1” field.  

12. Summarize [ex_lands] by “UniqueID” from [bg90_reg] and [bg00_reg]; join results to shapefiles; create a new field called “rdden_tot” and set equal to “sum”field from join.  Remove joins, save tables, and convert block groups to grids using values from “rdden_tot” field = [rddent_90], [rddent_00].  

13. Calculate grids showing the relative percentage of block group road density values per pixel for each decade:

· [rdalloc_90] =  ([ex_lands] * 1000000) / [rddent_90]  note: resultant values should range from 0 to <= 1,000,000

· [rdalloc_00] =  ([ex_lands] * 1000000) / [rddent_00] note: resultant values should range from 0 to <= 1,000,000

· Important:  ArcMap is highly sensitive to spaces between operators.  Steps 22 and 24 failed when the calculation was entered using the buttons in the raster calculator.  The command executed correctly by using the keyboard to type in the calculation ensuring that spaces before and after each operator (e.g., / and *) were entered.

14. Convert [bg90_reg] and [bg00_reg] to grids showing the total number of single-family-detached housing units per block group based on the “shu_XX” field.  Save as [shu_90] and [shu_00]

15. Create grids of single-family-detached housing units per pixel

· [shu_90pix] = ([rdalloc_90] / 1000000) * [SHU_90]

· [shu_00pix] = ([rdalloc_00] / 1000000) * [SHU_00] 

Note:  resultant values in the Bay watershed ranged between 0 and 4 housing units per pixel

16. Deleted grid cells with FID#’s 2115, 31025, and 47141 because they fell outside the boundaries of the [shu_00pix] or [shu_90pix] grids. 

Lot Size Estimation

1. Re-project MD PropertyView parcel point data for selected counties (Allegheny, Anne Arundel, Baltimore, Calvert, Carrol, Cecil, Montgomery, and Washington).

2. Merge point themes together and select all residential parcels, “LU” = “R”.  Save as [parcel_ptdata]

3. In Access, delete all fields except “LU”, “Acres”, “YRBLT_CAMA”, and “LU_CODE”. 

4. Select all polygons from [Bay_net3] that intersect [parcel_ptdata] and save as [parcelnet]

5. Convert [parcelnet] and [parcel_ptdata] to coverages named [parcel_net] and [resparpts]

6. Use identity function to relate [resparpts] to each [parcelnet] polygon

· Input coverage = [resparpts]

· Identity coverage = [parcelnet]

· Output = [id_resparpts]

7. Export table of [id_resparpts] as id_resparpts.dbf.

8. In Access, query the average and count statistics on the “Acres” field, grouped by unique ID, (“net_1_”)  and export as parcel_area.dbf

9. Join table parcel_area.dbf to parcelnet.shp based on “net_1_” field and export table as regression.dbf.

10. In Excel, select all records from regression.dbf with “count” >=10 and “parcel area” < 5 acres to reduce the number of outliers.  Run regressions between “Acres” field and “Rdd_exnull” field (i.e., mean road density values).  Use the equation of the best fit trend line to derive lotsize from road density values in the [parcelnet] theme and later in the [Bay_net3] theme.  Note:  I experimented with running regressions for parcels under 10 acres, 5 acres, 2 acres, and 1 acre.  The resulting correlation coefficients  were 0.57, 0.668, 0.728, and 0.646 respectively (see parcel_area2.xls).  The exponential line fit was about equal to the linear fit, however the exponential equation yields only positive results for lot size whereas the linear equation can yield negative lot size values which I wanted to avoid.   The five acre exponential equation was selected because the R2 value is strong enough and 0-5 acres is a broader range than 0 – 2 acres.    

Result:  


Lotsize = 3.8804e-0.0079([RDD_exnull])  






R2 = 0.67; P-value = 0

On the basis of 794,376 residential parcels covering the 8 county sample area and representing about 98% of all residential parcels in the sample area.  The remaining 2% have acreage values greater or equal to 5 acres. 
Identification of Growth “Hot Spots”

1. Edit attribute table for [bay_net3] and add fields: “Lotsize”, “SHU_90”, “SHU_00”, “SHU90_00”, “CNVRT90_00”, “IMP90_00”.  

2. Set analysis extent and snap to [ex_lands]

3. Summarize the [shu_90pix] and [shu_00pix] grids by the [bay_net3] polygon theme in batches of 15,000 records based on the “RECNO” field to avoid crashing the system.  Join the results to [bay_net3] based on the “RECNO” field.  Save joined “SUM” values to new fields “SHU_90” and “SHU_00” respectively. 

4. Calculate change in single-family detached housing units from 1990 to 2000.

· “SHU90_00” = SHU_00 – SHU_90.  Note: When displaying the results in ArcMap, recommend excluding areas with hu00 or hu90 = null from display

5. Calculate mean lot size per square mile cell.

· “Lotsize” = 3.8804 * Exp ( -0.0079 * [RDD_exnull] )

6. Estimate change in residential land conversion.

· “CNVRT90_00” =  SHU90_00 * Lotsize

7. Set analysis extent and snap to [umdimp2k_v13] 

8. Summarize the per pixel change in impervious surfaces from 1990 to 2000 represented by the [is13diff30] grid (this grid shows areas that changed from 20% impervious to 100 % impervious… changes below 20% are not considered).   Summarize with the [bay_net3] polygon theme in batches of 15,000 records based on the “RECNO” field.  Join the results to [bay_net3].  Save joined “MEAN” values to “IMP90_00”.  

Impervious “hot spots”:  I experimented with a log([IMP90_00] + 0.0001) transformation (natural log) to normalize the data and then classed with a “1” and “1/2” standard deviation method.  However, the break points didn’t appear to distinguish patterns in the data that the natural breaks algorithm could not detect.  Therefore, I used the natural breaks method (5 classes) and considered all values greater than or equal to 2.43063998 (classes 3 – 5) to be significant.  Values in the next class down appeared to detect anomalies in the data on Maryland’s eastern shore.  

9. Select cells with IMP90_00 values greater than or equal to 2.43063998 and save as [Hspots_imp]

Residential land conversion hot spots: The lotsize conversion factor by itself only forecasted lot sizes up to 5 acres in size whereas actual lot sizes in outlying rural areas may greatly exceed 5 acres.  Therefore, Changes in residential land conversion values (CNVRT90_00) were classed by first grouping the data into urban, urban commuting, and rural zones in order to further emphasize the large lot sizes in rural areas.  

10. Download and reproject RUCA coded census tracts for Bay states from: http://www.ers.usda.gov/briefing/rural/data/ruca/rucc.htm
11. Create a new field in RUCA_zone.shp labeled “grow_zone”.  Reclassify the tracts as follows: 


12. Sequentially select all tracts in RUCA_zone.shp greater than 50 acres in the Urban Core, Urban Commuting, and Rural zones.  After each selection, select all cells from [bay_net3] with their center in [RUCA_zone] and save selection as separate polygon files: [Urban_core], [Urban_commute], and [Rural].    

13. Some cells along the coastline will not fall within any of these three categories.  Therefore, select all cells that have their center in either [Urban_core], [Urban_commute], or [Rural], reverse the selection, and save as [Omitted_cells].

14. Associate the omitted cells with the most developed grow_zones that they share a line segment with.   For example, select [omitted_cells] that share a line segment with the [Urban_core] and save as [Urban_core_omit].  Then select [omitted_cells] that share a line segment with the [Urban_commute] and remove from the selection those same cells that share a line segment with the [Urban_core].  Save selection as [Urban_commute_omit].  Proceed similarly to produce a [Rural_omit] file.  Select remaining cells from [omitted_cells] that were not included in the above selection process and save as [remain_cells].  Repeat the above process, this time select features from [remain_cells] that share a line segment with [Urban_core_omit]…etc.  Manually select additional cells as needed.  Merge all of the omitted cells with their associated zones and save as [Urban_core2], [Urban_commute2], and [Rural2].

15. For display purposes, make three copies of the each of the above three files and perform the following definition queries…

a. E.g., for the [Urban_core2] dataset, display residential and impervious hot spots as: "CNVRT90_00" >=46.762003 AND "IMP90_00" >=2.43063998

b. Display just residential hot spots in [Urban_core2] as: "CNVRT90_00" >=46.762003 AND "IMP90_00" <2.43063998

c. Display just impervious hot spots in [Urban_core2] as: "CNVRT90_00" <46.762003 AND "IMP90_00" >=2.43063998

d. Use similar queries for the [Urban_commute2] and [Rural2] files using different significance thresholds for residential development (see box below)


16. Classify these polygon themes using the standard deviation method for the “CNVRT90_00” field.  Consider changes greater than 0.5 STD from the mean to be significant.  Select all cells from the [Urban_core2], [Urban_commute2], and [Rural2] themes that are greater than or equal to 0.5 STD from their respective mean values for the CNVRT90_00 field (see table below for threshold values).  Export as separate shapefiles and merge them together as [Hspots_SHU1], [Hspots_SHU2], and [Hspots_SHU3].

17. Merge [Hspots_SHU1], [Hspots_SHU2], and [Hspots_SHU3] with [Hspots_imp] and save as [Hspots_all].  

18. Add field, “common” to [Hspots_all] and set equal to “1”

19. Set analysis extent and snap to [ex_lands]

20. Convert [Hspots_all] to grid with same name using values from “common” field.

Travel Time Proximity Procedure:

1. Convert vector road data, [tgr_roads] to raster based on new travel time field.  Travel time is related to road class, “CFCC”, as follows:

a. Edit attribute table for [tgr_roads] and add field “TTIME”.  Sequentially select records based on CFCC code and set “TTIME” field equal to the values from the above table. 

b. Set null values in road travel time grid to 746 meaning that travel time in off-road areas is 5 mph

Rds_ttime2 = con(isnull (rds_ttime), 746, rds_ttime)

2. Set analysis extent and snap to [ex_lands]

3. Calculate threat as Threat = int(costdistance([Hspots_all], [rds_ttime2])).  Map in 3 quantiles, exclude but display zero values as growth cores: delete other values in classification- later change to missing.  Threat values indicate the minimum travel time (* 100,000) to the nearest hot spot cell.  E.g., 600,000 = 6 minutes

4. Clip [Threat] grid to the Bay watershed extent. 

a. Set analysis extent and mask to clip_area.shp, snap to [Threat] grid and cell size same as [Threat] grid

b. [Threat_clip] = [Threat]

5. Display threat using three quantiles and excluding “0” values.  Set the highest valued quantile to no color. 

6. Reclass [Threat_clip] to produce [Threat_Bay] as follows below.  The quantile breaks were produced by excluding “0” values and dividing the range into three quantile classes.

a. “0” = 4, 

b. 1st quantile (62,380 – 623,804; 37 seconds  -  6min, 14sec) = 3, 

c. 2nd quantile (623,804  - 1,434,750; 6min, 14sec – 14min, 21sec) = 2, 

d. 3rd quantile (1,434,750 – 15,969,390; 14min, 21sec – 2 hrs, 39min, 42sec) = 1

Conservation Priority Estimation

1. Combine [rla_hubs_with_data] with [dcc_hubs_with_data] 

a. Edit attribute table of [rla_hubs_with_data] and add field ECO_RANK (Double, 11, 11).

b. Merge [rla_hubs_with_data] with [dcc_hubs_with_data] using table from [rla_hubs_with_data]

c. Output = [bay_hubs]

d. Clip [bay_hubs] by [clip_area] = [bay_hubs_clip]

2. Add unique ID to [bay_hubs_clip].  

a. “HUB_ID” = “FID” + 1

3. Set analysis extent, cell size, and snap to [ex_lands].

4. Summarize [Threat_Bay] by “HUB_ID” from [bay_hubs_clip] and join stat table to [bay_hubs_clip]

5. Add new field “Threat” to [bay_hubs_clip] and set equal to MEAN from join.  Remove all joins.

6. Export table from [bay_hubs_clip] to MS-Excel as hubs.dbf

a. Delete all fields except for “Hub_ID”, “REG_ECOPCT”, “TOT_ECOPCT”, “ECO_TIER”, “ECO_RANK”, and “Threat”

b. Add new field “Conserv” and calculate values as:
=IF(OR(B2<=5,C2<=5),4,IF(B2<=36.7,3,IF(B2<=68.4,2,1)))

where B2 = REG_ECOPCT and C2 = TOT_ECOPCT

c. Sort table in ascending order by both “REG_ECOPCT” and “TOT_ECOPCT”.

d. Re-sort table by “Conserv” in descending order.

e. Add new field “Priority” (formatted with one decimal place) and calculate values 

f. Calculate values for the majority of the Bay as:

=IF(AND(G2431=4,F2431=4),4.4,IF(AND(G2431=4,F2431>=3),4.3,IF(AND(G2431=4,F2431>=2),4.2,4.1)))

where G* = the “Conserv” field and F* = the “Threat” field
g. Re-sort table in descending order by “ECO_RANK” and “Threat”

h. Calculate “Priority” values for the Delmarva for each range of values (divided into 4 equal intervals) separately:

=IF(AND(E3<=123,F3=4),4.4,IF(AND(E3<=123,F3>=3),4.3,IF(AND(E3<=123,F3>=2),4.2,4.1)))

=IF(AND(E3<=245,F3=4),3.4,IF(AND(E3<=245,F3>=3),3.3,IF(AND(E3<=245,F3>=2),3.2,3.1)))

etc…
i. Paste table (values only) to a new worksheet and export as hubs.dbf. 

7. Join hubs.dbf to [bay_hubs_clip] and set a new field “Priority” = hubs.priority

Significant changes in residential acreage (based on actual cell values):


 


Shapefile			0.5 – 1.5 STD			> 1.5 STD


[Urban_core2]		46.762003 - 88.526591		> 88.526591 - 398.799000


[Urban_commute2]		19.261158 - 37.503846		> 37.503846 - 332.596000


[Rural2]			12.246205 - 24.427378		> 24.427378 - 221.764000





Numbers in bold italics are the threshold values. 





Important: Problems with the unique ID field caused problems with the zonal sum operation.  Incorrect results occurred for summarizing the ex_lands grid for both the bg90_reg and bg00_reg themes because the field wasn’t long enough and therefore produced duplicate ID values.  Calculating the UniqueID as a text field of 8 characters equal to “FID + 1” seems to work.





 Also check to ensure that all polygons with “rdden_tot” = 0 lack housing units. 








1-unit, detached. This is a 1-unit structure detached from any other house; that is, with open


space on all four sides. Such structures are considered detached even if they have an adjoining


shed or garage. A 1-family house that contains a business is considered detached as long as the


building has open space on all four sides. Mobile homes to which one or more permanent rooms


have been added or built also are included.











For seasonal, recreational, or occasional use. These are vacant units used or intended for


use only in certain seasons, for weekends, or other occasional use throughout the year. Seasonal


units include those used for summer or winter sports or recreation, such as beach cottages and


hunting cabins. Seasonal units also may include quarters for such workers as herders and loggers.


Interval ownership units, sometimes called shared-ownership or time-sharing condominiums, also


are included in this category.





A subset of vacant housing units





Grow Zone	Reclassified category			Original RUCA


“1” 		Urban Core Zone = 			Metropolitan-area cores (1.0, 1.1)


“2” 	Urban Commuting Zone = 	Metropolitan-area high commuting (2.x), Metropolitan-area low commuting (3.x), and all secondary flows to Urban Areas (ranging from 5 – 50%). 


“3” or “4” 	Rural Zone = 	All other areas (encompassing Large town, Small town, and Rural areas lacking secondary flow to Urban Areas).





CFCC	Description						MPH	TTIME (minutes per meter * 100K)


A1	Primary highway with limited access (e.g., Interstates)			65		57


A2	Primary road without limited access (mainly US Highways)		55		68


A3	Secondary and connecting roads (e.g., State and County highways)		40		93


A4	Local, neighborhood, and rural roads				30		124


A6	Road with special characteristics (ramps, traffic circles, etc.)		15		249


Other	A5x’s and A7x’s (off-road trails, driveways, alleys, etc.)		5		746





65 * 1.60934 = 104.6 kph * 1000/60 = 1743 meters per minute, 1/1743 = 0.000574 minutes per meter








AreaKey  	Geography Key Code


P001001	Total  Population


H003001	Total Housing Units (100% count) 


H008005	For seasonal, recreational, or occasional use


H030002	1-unit, detached housing units (sampled)


H035001	Median year structure built





AreaName		Area name


AreaKey		Area key


INTPTLAT	Internal point latitude


INTPTLNG	Internal point longitude


TotPop90		Total Population in 1990


HsUn100		Total Housing Units (100% count)


CndoSeas		For seasonal, recreational, or occasional use


NoCnSeas		For seasonal, recreational, or occasional use


HuStr1de		1-unit, detached housing units (100%)


WatPubPv		Public system or private company


SewPub		Public sewer


MedYrBlt		Median year structure built
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