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ABSTRACT:  Fort Bragg, North Carolina is associated with a number of towns and cities that are growing in size and population.  Proposed state and local investment in regional planning policies and projects can alter the expected patterns of growth and should be evaluated with respect to their short and long-term impacts on the ability to conduct training and testing at the installation.  This document describes the initial efforts to create a base model of attraction to residential growth, which can then be used to test regional planning alternatives.
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1 Introduction

Purpose

Fort Bragg, North Carolina and its surrounding communities and counties are economically and environmentally linked.  Anticipated changes in mission, weapon systems, and training will require substantially larger training areas at a time when anticipated population growth will result in increased demands for urban land.  These demands require closer analysis of the landscape, predictions of future needs, identification of potential conflicts, and analysis of the direct and indirect consequences of proposed local investments and policies.  The effort described here is an approach for identifying areas associated with a significant probability of urban growth in the next decades.

Background

Fort Bragg, like many military installations with training and testing missions, was placed in a relatively remote area where few or no human settlements nearby would be adversely affected by the military activities, and where the large contiguous tracts of land necessary to support assorted large-scale activities were readily and inexpensively accessible.  Purchased property boundaries were demarcated with fences and signs.  Military training and testing could then take place “within the fence line.”  However, some impacts of those activities extended beyond the fence line including noise, dust, smoke, and radio transmissions.  Also, in the intervening years human settlements and agriculture have impacted important habitats and populations of threatened or endangered species – leaving the installation with an increasing percentage of the overall habitat and populations.  This has 

Objectives

The work reported here resulted in the development of a map of the attractiveness to urban growth based on the actual settlement patterns in the area, which developed in response to population, employment centers, transportation networks and apparent preferences.

Approach

HERE

Scope

Future training and testing capacities on installations will be directly and indirectly affected by regional policies and investments (see Figure 1 and Figure 2).  Many of the encroachment factors affecting training are a direct result of the regional urban pattern.  This pattern is the result in many areas of free-market property exchange and ownership.  Land attractiveness to the free market participants (e.g. home owners) is based on local county and city investments and policies including roads, utilities, and zoning.  The bottom line is that future training and testing capacities are, in part, a function of regional land use investments and policies (Figure 2).
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Figure 1: Cause-effect chains
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Figure 2: Future training capacity is a function of today's plans

The effort described in this paper produced a map showing the relative attractiveness of properties across the landscape to future urbanization.  The model created to generate this map can then be used to test for alternative policies and investments including zoning, property purchases, and investments in roads.

Mode of Technology Transfer

This document and accompanying digital maps provides part of the technology transfer of the project to Fort Bragg.  

2 Approach for Predicting Attractiveness to Urban Growth

The attractiveness of a location for a residence is a combination of a variety of factors.  In this analysis, the factors considered are:

· Located within the study area?

· Residential growth is possible?

· Current land use

· Distance to water

· Distance to forest

· Slope

· Distance to cities (city centers / employment centers)

· Distance to county road

· Distance to state/federal highway

· Distance to limited access highway

· Distance to nearest intersection

These factors are considered without specific regard for socioeconomic level because for predicting the potential change in training/testing capacity at an installation and in its surrounding region, it is most important to only predict locations of residences.  Also, there is ready availability of input maps that indicate location of residential areas, but acquiring data indicating the socioeconomic level of neighborhoods can be expensive.  Factors other than those in the above list can be considered using the algorithm described below.  These were chosen because of 1) their apparent importance in consideration of constructing residences, and 2) the universal availability of supporting information across the United States.

There are three general steps (Figure 3) in the development of the final attractiveness index maps:

1. Acquire base data.

2. Manual processing of GIS data.

3. Machine processing of data.

Step 1.  While the necessary GIS data is available through Web sites hosted by various federal government agencies, data used in this analysis was provided directly by Fort Bragg and was developed as a joint effort with local communities and counties, and the state of North Carolina through a Joint Land Use Study (JLUS) effort supported by the Department of Defense’s Office of Economic Adjustment, the state, and local municipalities.  The joint endeavor is called the Sustainable Sandhills initiative.
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Figure 3: Computer and Human Steps

Step 2.  Most of the required data manipulation was also completed in the provided data.  We then manipulated the data to create a set of standard maps that could then be automatically processed in the final step.  The raster maps needed must all be in the same projection and resolution and have the following contents:

SMALL_CITY - Location of "small cities"


0 No small city


1 Small city

MED_CITY - Location of "medium cities"


0 No small city


1 Small city

LARGE_CITY - Location of "large cities"


0 No small city


1 Small city

NO_GROWTH - Explicit identification of areas of no growth


0 No restrictions


1 No growth areas

DEM


Categories are meters above sea level

MUNICIPAL_BOUNDARY


City boundaries

STUDY_AREA


0 Outside study area


1 Inside study area

ROADS


0 No road


1 Limited access highway


2 Federal highway


3 State highway


4 County road


5 


6 Ramps


7 Private road

LANDCOVER  - NLCD Landcover Map

11 Open water

12 Perennial Ice/Snow

21 Low Intensity Residential

22 High Intensity Residential

23 Commercial/Industrial/Transportation

31 Bare Rock/Sand/Clay

32 Quarries/Strip Mines/Gravel Pits

33 Transitional

41 Deciduous Forest

42 Evergreen Forest

43 Mixed Forest

51 Shrubland

61 Orchards/Vineyards/Other

71 Grasslands/Herbaceous

81 Pastures/Hay

82 Row Crops

83 Small Grains

84 Fallow

85 Urban/Recreational Grasses

91 Woody Wetlands

92 Emergent Herbaceous Wetlands

Step 3.  A GIS script then processes these maps automatically.  This script was based on ArcGIS, scripts used to develop input maps for the LEAM-LUC simulation program (REF).  We captured and adapted the ArcGIS scripts in the form of a “makefile” to drive processing with the GRASS GIS.  GRASS is a public domain GIS that was developed to work hand-in-hand with UNIX commands.  A makefile is processed by the Unix make program and is composed of a series of target-dependent statements, each of which is followed by instructions for creating the target from the dependents.  When the make program is invoked, it reads a makefile in the current directory and makes sure that all dependents have more recent creation dates than their dependents.  These scripts make it possible to modify one input and only the dependents that are directly and indirectly dependent on that input are recreated.  The full script is available for perusing in Appendix A.

This script processes the maps manually developed though the steps outlined in Figure 4.  The maps on the left are the manually developed maps.  Those in green are the maps that can be provided to the LEAM-LUC model for generating possible development pattern futures.  Those in orange are 0-1 scale index maps that capture the probability of a residential areas currently associated with the particular characteristic.  For example, if a location has a slope of 15 degrees, the value associated with that location in the Slope Index map is the probability across the map of a residential area of 15 degree slope supporting a residential area.  The final map, ATTRACTOR_RES, is the result of combining all of the index maps to create a map representing the attraction of each location to residential development.
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Figure 4: Simplfied Map Transformations

Many of the index maps consider travel time to such things as roads, highways, intersections, and cities.  The most time-consuming GIS operations involved in developing inputs are the necessary cumulative distance analyses (the GRASS r.cost command).  To improve the processing time by a factor of almost 50x, the r.cost command was modified for this project and resubmitted to the GRASS shareware community.

Each of the index maps is a transformation of the associated input map created as follows.  The current land use map is processed to select 1) locations where residential areas exist and 2) locations where residential areas could develop.  The input map (e.g. slope) is cross-tabulated with the GRASS r.coin program, which generates an array of numbers indicating the number of locations associated with each combination of the input map and the residential location and potential location map.  For each input category the probability of finding a residential is then calculated by dividing the number of residential areas by the sum of the number of residential and potential residential areas.  This results in a localized graph for each input map (Figure 5) that is used to convert input map categories to index maps.  This transformation is accomplished with a modified version of the GRASS r.mapcalc program, which allows users to write equations using maps and a variety of builtin functions (e.g. mapA = mapB * mapC).  The modification allows expressions like:

MapB = graph(MapA, x1,y1, x2,y2, x3,y3)

Any number of x,y pairs can be given and x must be increasing through the series.
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Figure 5: Probability of being residential

Although all graphs can be very different from one another, the total area under each graph will be constant as it represents the total proportion of potential residential sites that are residential.  Some graphs will be relatively flat indicating little preference for that particular attractor while others will favor some part of the input category range (e.g. slopes below 15% or areas closest to cities).

The final step is to combine the various index maps to form a composite index.  The indices can be either summed or multiplied.  We chose to sum the indices and divide by the total number of indices to guarantee arrival at a composite value between 0 and 1.  The more general form of this approach is to multiply each index by a calibration coefficient, sum the results, and divide by the sum of the coefficients.  There is a self-calibration that allows for automatic calibration coefficients of 1.  Those graphs that indicate little or no preference are automatically discounted by the fact that their indices are relatively constant.  Therefore, the final residential attractiveness map is computed using the GRASS r.mapcalc program using the following equation:

Final = Sum(index maps) / (number of maps)

3 Results

The above procedures were applied to the Fort Bragg area, which included all local counties participating in the Sustainable Sandhills effort.  The following images show a study area consisting of nearly ten million 30 meter square grid cells (parcels) across the multi-county area.  Fort Bragg is centered in the middle of the images.  The projection is Albers Equal Area resulting in the north direction being slightly to the left of vertical.  Each image is associated with a color table spanning the scale from 0 to 1.  Note that some images are richer in color indicating a tighter correlation between urban areas and the particular driver.

The production of the attraction to cities map is significantly different from the creation of the other maps.  The goal is to produce a map that captures the attractiveness to jobs, shopping, and friends as a function of the innate attractiveness of those qualities mediated by distance from them.  Production of this map in an automated way that can be readily applied to any location is challenging.  The first challenge is to identify the areas or points that represent centers of attraction, which is accomplished during the manual preparation process.  Ideally a separate analysis of each small town and each city’s neighborhoods and employment centers would be accomplished.  This has been determined to be impractical.  The current approach is to divide towns into three categories: small, medium, and large.  Each is associated with an average population for the group, which provides the strength of attraction.  Centers of this attraction are then determined for each separate site and is typically the densest area near the center of the city or town.  The automatic processing then consists of computing minimal travel times from each cell in the analysis area to the nearest center of attraction in each category.  These are converted to attractiveness values which are the population size divided by the square of the distance from the attraction center.
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Figure 6: Attraction to cities
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Figure 7: Attraction to county roads
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Figure 8: Attraction to ramps on limited access highways
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Figure 9: Attraction to major intersections
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Figure 10: Attraction to different slopes
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Figure 11: Attraction to lots bordering forest
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Figure 12: Attraction to lots bordering water

The combination of the attractors, displayed in Figure 13 show significant attraction to new growth around Fayetteville and the Dunn/Erwin area located in the northeast corner.  Zooming into the southern boundary of the installation and the western edge of Fayetteville, one can see significant preference to be located close to the city.  However, some attraction is visible associated with existing rural neighborhoods closer to the city.

[image: image14.wmf]
Figure 13: Summary attraction to residential development
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Figure 14: Summary attraction along southern border of Bragg

The final map created in this effort provides an relative index value for every location representing its attractiveness to residential growth after considering a number of locational factors relisted here:

· Located within the study area?

· Residential growth is possible?

· Current land use

· Distance to water

· Distance to forest

· Slope

· Distance to cities (city centers / employment centers)

· Distance to county road

· Distance to state/federal highway

· Distance to limited access highway

· Distance to nearest intersection

There are several assumptions and caveats that need to be recognized:

· There are other potential attraction considerations that could be added to this list and some on the list could be dropped for any particular location.  Note, for example, that drinking water availability is not considered and can be critical from a legal standpoint (e.g. western water rights) or from a geologic perspective.  Some areas offer more water well opportunities than others.  

· Zoning is not considered in this analysis and can be important in the attraction of urban growth.  

· This analysis assumes no new investments in roads or in the development of new neighborhoods, but can be rerun with such developments provided as inputs.  It also does not recognize the affect of development affecting travel times on roads.  

· Travel times are assumed to be optimal for each type of road.  Hence, the resulting maps provide a snapshot in time of the attraction to new growth, but does not consider the impact of new growth on the overall attraction.

· The analysis identifies attractiveness to new development on a cell-by-cell basis – parcels approximately the size of city lots.  While some growth happens this way, much development occurs as part of new neighborhood development sites that can be roughly 800 meters square.

· Parcel size and ownership is not considered.  Developers looking to build a new neighborhood are more likely to purchase a single large parcel rather than piece together many smaller contiguous parcels – making urban development less likely.

· Negative attractors are not considered in this analysis.  Urban development tends to avoid being co-located with industrial sites.

· The attractiveness to urban growth can be outbid by attractiveness to other land uses such as parks and industrial areas.  This competition is not identified here.

· The attractiveness to cities map must be developed in close consultation with local planners to best capture understandings of the location and attractiveness of local population, employment, and shopping centers.

This effort is part of a larger effort that includes the development of a simulation model to project future landscape settlement patterns.  The larger effort is called the Land use Evolution and impact Assessment Model (LEAM) and supports the development of the LEAM Land Use Change (LEAM-LUC) model.  This model and the larger effort are addressing some of the caveats associated with the limited analysis presented here.  In particular, LEAM-LUC considers the effect of development on future development and considers competition for turning undeveloped areas into residential, commercial, and open space.

4 Summary and Recommendations

Most importantly, these results are not ready to be used in informing local planning processes.  They demonstrate a process and procedure that can be used in close coordination with regional planners to test the consequences of alternative regional plans.  The next available steps are:

1. Review the analysis process with local planners and modify inputs to better capture the local planning scenarios.  This will allow creation of a development attractiveness map that best matches the local urbanization dynamics.

2. Test alternative planning scenarios that might include upgrading roads and highways or building new, closing roads, and zoning ideas.

3. Run the LEAM-LUC model to generate future scenarios that could develop in direct and indirect response to economic, population, and employment conditions.

Bibliography
Appendix A: 
#############################################################################

# Last modified: Tue Apr 20 11:25:57 CDT 2004

#

# This file is used by the unix make program to create the

# LEAM landuse evolution input files using grass commands.

#

# To use,

#  Start GRASS and use a mapset that will contain the results

#  Create a directory named cell in this mapset (if not already there)

#  Copy this Makefile to that directory

#  Set the name of the needed input maps (see below)

#  Set the size of the cities (see below)

#  Set the attractor weights (see below)

#  From the cell directory, run make on this file

#############################################################################

#  Input Maps and Map Categories

#  Make sure the input maps use the following categories ...

#    SMALL_CITY - Location of "small cities"

#        0 No small city

#        1 Small city

#    MED_CITY - Location of "medium cities"

#        0 No small city

#        1 Small city

#    LARGE_CITY - Location of "large cities"

#        0 No small city

#        1 Small city

#    NO_GROWTH - Explicit identification of areas of no growth

#        0 No restrictions

#        1 No growth areas

#    DEM

#        Categories are meters above sea level

#    MUNICIPAL_BOUNDARY

#        City boundaries

#    STUDY_AREA

#        0 Outside study area

#        1 Inside study area

#    ROADS

#        0 No road

#        1 Limited access highway

#        2 Federal highway

#        3 State highway

#        4 County road

#        5 

#        6 Ramps

#        7 Private road

#    LANDCOVER  - NLCD Landcover Map

#       11 Open water

#       12 Perennial Ice/Snow

#       21 Low Intensity Residential

#       22 High Intensity Residential

#       23 Commercial/Industrial/Transportation

#       31 Bare Rock/Sand/Clay

#       32 Quarries/Strip Mines/Gravel Pits

#       33 Transitional

#       41 Deciduous Forest

#       42 Evergreen Forest

#       43 Mixed Forest

#       51 Shrubland

#       61 Orchards/Vineyards/Other

#       71 Grasslands/Herbaceous

#       81 Pastures/Hay

#       82 Row Crops

#       83 Small Grains

#       84 Fallow

#       85 Urban/Recreational Grasses

#       91 Woody Wetlands

#       92 Emergent Herbaceous Wetlands

#

#############################################################################

# Provide names of the input maps (name@mapset)

SMALL_CITY=small_city@leamBase

MED_CITY=med_city@leamBase

LARGE_CITY=large_city@leamBase

NO_GROWTH=br_nogrowth@leamBase

DEM=dem@kbrock

MUNICIPAL_BOUNDARY=br_mnbnd@leamBase

STUDY_AREA=bragg_county@leamBase

LANDCOVER=landcover@leamBase

ROADS=road@leamBase

#

#############################################################################

# Set the population average for large, medium, and small cities.  These

# will be used to create the cities_attractor map, which combines these

# populations driving time maps.

XLPOP=95000

LARGEPOP=95000

MEDIUMPOP=22000

SMALLPOP=3500

POP2000=756544

DENSITY=1.68

#

#############################################################################

# Set the multipliers for residential growth drivers.  These are multiplied

# times their respective 0-1 index maps.  The results are summed and divided

# by the sum of the multipliers to give an overal 0-1 growth attractor

# index map.

# NOTE: DOES NOT MATCH THE GERTNER, ET AL. AND LUC EQUATION

RD_INTERSECTION_RES_MULT=1

CT_RD_ATTRACTOR_RES_MULT=1

SLOPE_RES_MULT=1

RAMP_ATTRACTOR_RES_MULT=1

ST_RD_ATTRACTOR_RES_MULT=1

TREE_ATTRACTOR_RES_MULT=1

WATER_ATTRACTOR_RES_MULT=1

CITIES_ATTRACTOR_RES_MULT=1

#############################################################################

#############################################################################

#############################################################################

# IDEALLY NO EDITING IS REQUIRED BELOW HERE

#############################################################################

#############################################################################

#############################################################################

LEmaps=LElandcover LEwater_att LEforest_att LEroad_att LEramp_att LEcity_buff LEintersect_att LEstaterd_att LEslope LEno_growth LEboundary LEcities_att

IndexMaps=ST_RD_ATTRACTOR_RES ST_RD_ATTRACTOR_OPENSPACE \

ST_RD_ATTRACTOR_COM_IND SLOPE_RES DEM_OPENSPACE DEM_COM_IND \

WATER_ATTRACTOR_RES WATER_ATTRACTOR_OPENSPACE WATER_ATTRACTOR_COM_IND \

TREE_ATTRACTOR_OPENSPACE TREE_ATTRACTOR_COM_IND TREE_ATTRACTOR_RES  \

RD_INTERSECTION_RES RD_INTERSECTION_OPENSPACE RD_INTERSECTION_COM_IND \

RAMP_ATTRACTOR_RES RAMP_ATTRACTOR_OPENSPACE RAMP_ATTRACTOR_COM_IND \

CT_RD_ATTRACTOR_RES CT_RD_ATTRACTOR_OPENSPACE CT_RD_ATTRACTOR_COM_IND \

CITIES_ATTRACTOR_RES CITIES_ATTRACTOR_OPENSPACE CITIES_ATTRACTOR_COM_IND \

OtherMaps=hwyBuff road travelTime30 LElandcover municipalBoundary \

intersection smallCity mediumCity largeCity xlCity dem travelSpeed30 travelTime90 \

xlCityTime xlCityTime30 xlCityTime90 \

largeCityTime largeCityTime30 largeCityTime90 mediumCityTime \

mediumCityTime30 mediumCityTime90 smallCityTime smallCityTime30 \

smallCityTime90 landTravelSpeed30 roadTravelSpeed30 travelableLandSpeed \

travelSpeed90 travelTime Developable ATTRACTOR_RES futureLanduse

LEfiles=$(shell echo ${LEmaps} | sed -e 's/ /,/g')

Otherfiles=$(shell echo ${OtherMaps} | sed -e 's/ /,/g')

Indexfiles=$(shell echo ${IndexMaps} | sed -e 's/ /,/g')

default:


@echo make LEmaps - to create LUC input maps


@echo make indexMaps - to create LUCs index maps


@echo make ATTRACTOR_RES - to create LUCs residential attractor map


@echo make clean - to remove temporary maps


@echo make veryclean - to remove all maps generated by this makefile

LEmaps: ${LEmaps}

indexmaps: ${IndexMaps}

######################################################################

######################################################################

# Fetching the base maps

######################################################################

######################################################################

# Fetches a map of the locations of the small cities

smallCity:


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc 'smallCity=if(${SMALL_CITY} < 0,0, ${SMALL_CITY})'


r.null smallCity setnull=0

# Fetches a map of the locations of the medium cities

mediumCity:


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc 'mediumCity=if(${MED_CITY} < 0,0, ${MED_CITY})'


r.null mediumCity setnull=0

# Fetches a map of the locations of the large cities

largeCity:


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc 'largeCity=if(${LARGE_CITY} < 0,0, ${LARGE_CITY})'


r.null largeCity setnull=0

# Fetches a map of the locations of the xl cities

xlCity:


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc 'xlCity=if(${XL_CITY} < 0,0, ${XL_CITY})'


r.null xlCity setnull=0

# Fetches a map of no growth areas.

# Should be replaced with fetching maps of various no growth areas that can be 

# edited and then merged.

LEno_growth: 


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc 'LEno_growth=round(${NO_GROWTH})'


r.null LEno_growth null=0

# Fetches the digital elevation model

dem:


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc 'dem=${DEM}'

# Create a municipal boundary map based on the municipal boundary in PERM

municipalBoundary:


@echo '#########################'; echo $@ ; date 


g.region res=30


r.buffer in=${MUNICIPAL_BOUNDARY} out=municipalBoundary dist=1.5 unit=miles

# Fetch the study area boundary from PERM

LEboundary:


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc 'LEboundary=if(isnull(${STUDY_AREA}),null(),1)'

# Fetches the landcover file from PERM and masks it with the study area boundary

LElandcover: LEboundary


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc LElandcover='if(isnull(LEboundary),null(), \


  if(isnull(${LANDCOVER}),0,${LANDCOVER}))'


r.null LElandcover setnull=0

# Fetches the road file from PERM and masks it with the study area boundary

road: LEboundary


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc t41='if(isnull(LEboundary),null(),if(${ROADS}==0,null(),${ROADS}))'


r.null t41 null=0


# Identify ramps as state highway cells that border interstates


r.mapcalc t42='if((t41==2 || t41==3) && (\

           t41[-1,-1]==1 || t41[-1,0]==1 || t41[-1,1]==1 || \

           t41[ 0,-1]==1 ||                  t41[ 0,1]==1 || \

           t41[ 1,-1]==1 || t41[ 1,0]==1 || t41[ 1,1]==1),6,0)'


r.mapcalc road='if(t42==6,6,t41)'


g.remove t41,t42

######################################################################

######################################################################

# The city attractor map is prepared in stages. The basic approach is

# as follows:

# Fetch the small, medium, and large city footprint maps

# For each (small, medium, and large) 

#   Create road travel time map at 30 meter resolution 

#   Create overland travel time map starting from times set above

#   Merge the two maps

# Combine the small, medium, and large cumulative maps 

######################################################################

######################################################################

# Combine the travel-time maps to get to nearest small, medium, and large

# city into one map using an inverse-distance weighting algorithm using the

# population of each type as the base weight.

LEcities_att: smallCityTime mediumCityTime largeCityTime 


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc 'LEcities_att= \


  float(${LARGEPOP})/if(largeCityTime==0,1,largeCityTime) + \


  float(${MEDIUMPOP})/if(mediumCityTime==0,1,mediumCityTime) + \


  float(${SMALLPOP})/if(smallCityTime==0,1,smallCityTime)'


r.mapcalc 'LEcities_att=round(LEcities_att)'


r.colors LEcities_att color=grey.eq


r.mapcalc LEcities_att=#LEcities_att

# The cumulative cost developed at 30 meter resolution over roads

# is combined with the grosser 90 meter resolution overland times

smallCityTime: smallCityTime30 smallCityTime90


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc 'smallCityTime=\


  if(isnull(smallCityTime30),smallCityTime90,smallCityTime30)'

# The cumulative cost developed at 30 meter resolution over roads

# is combined with the grosser 90 meter resolution overland times

mediumCityTime: mediumCityTime30 mediumCityTime90


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc 'mediumCityTime=\


  if(isnull(mediumCityTime30),mediumCityTime90,mediumCityTime30)'

# The cumulative cost developed at 30 meter resolution over roads

# is combined with the grosser 90 meter resolution overland times

largeCityTime: largeCityTime30 largeCityTime90


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc 'largeCityTime=\


  if(isnull(largeCityTime30),largeCityTime90,largeCityTime30)'

# The cumulative cost developed at 30 meter resolution over roads

# is combined with the grosser 90 meter resolution overland times

xlCityTime: xlCityTime30 xlCityTime90


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc 'xlCityTime=\


  if(isnull(xlCityTime30),xlCityTime90,xlCityTime30)'

# A cumulative cost map from small Cities at the 90 meter resolution.

# The results averages cell values across 90 meters for every 30 meter cell

smallCityTime90: smallCityTime30 travelTime90


@echo '#########################'; echo $@ ; date


r.mapcalc 't1=if(isnull(smallCityTime30),99999,smallCityTime30)'


r.mapcalc 't2=min(\


  t1[-1,-1], t1[-1,0], t1[-1,1], \


  t1[ 0,-1], t1      , t1[ 0,1], \


  t1[ 1,-1], t1[ 1,0], t1[ 1,1]) '


r.null t2 setnull=99999


g.region res=90


r.cost  -r travelTime90 out=t3 start_rast=t2 percent=100


g.region res=30


r.mapcalc 'smallCityTime90= \


  round((t3[-1,-1] + t3[-1,0] + t3[-1,1] + \


   t3[ 0,-1] + t3       + t3[ 0,1] + \


   t3[ 1,-1] + t3[ 1,0] + t3[ 1,1]) / 9) '


g.remove t1,t2,t3

# A cumulative cost map from medium Cities at the 90 meter resolution.

# The results averages cell values across 90 meters for every 30 meter cell

mediumCityTime90: mediumCityTime30 travelTime90


@echo '#########################'; echo $@ ; date


r.mapcalc 't4=if(isnull(mediumCityTime30),99999,mediumCityTime30)'


r.mapcalc 't5=min(\


  t4[-1,-1], t4[-1,0], t4[-1,1], \


  t4[ 0,-1], t4      , t4[ 0,1], \


  t4[ 1,-1], t4[ 1,0], t4[ 1,1]) '


r.null t5 setnull=99999


g.region res=90


r.cost  -r travelTime90 out=t6 start_rast=t5 percent=100


g.region res=30


r.mapcalc 'mediumCityTime90= \


  round((t6[-1,-1] + t6[-1,0] + t6[-1,1] + \


   t6[ 0,-1] + t6       + t6[ 0,1] + \


   t6[ 1,-1] + t6[ 1,0] + t6[ 1,1]) / 9) '


g.remove t4,t5,t6

# A cumulative cost map from large Cities at the 90 meter resolution.

# The results averages cell values across 90 meters for every 30 meter cell

largeCityTime90: largeCityTime30 travelTime90


@echo '#########################'; echo $@ ; date


r.mapcalc 't7=if(isnull(largeCityTime30),99999,largeCityTime30)'


r.mapcalc 't8=min(\


  t7[-1,-1], t7[-1,0], t7[-1,1], \


  t7[ 0,-1], t7      , t7[ 0,1], \


  t7[ 1,-1], t7[ 1,0], t7[ 1,1]) '


r.null t8 setnull=99999


g.region res=90


r.cost  -r travelTime90 out=t9 start_rast=t8 percent=100


g.region res=30


r.mapcalc 'largeCityTime90= \


  round((t9[-1,-1] + t9[-1,0] + t9[-1,1] + \


   t9[ 0,-1] + t9       + t9[ 0,1] + \


   t9[ 1,-1] + t9[ 1,0] + t9[ 1,1]) / 9) '


g.remove t7,t8,t9

# A cumulative cost map from xl Cities at the 90 meter resolution.

# The results averages cell values across 90 meters for every 30 meter cell

xlCityTime90: xlCityTime30 travelTime90


@echo '#########################'; echo $@ ; date


r.mapcalc 't10=if(isnull(xlCityTime30),99999,xlCityTime30)'


r.mapcalc 't11=min(\


  t10[-1,-1], t10[-1,0], t10[-1,1], \


  t10[ 0,-1], t10      , t10[ 0,1], \


  t10[ 1,-1], t10[ 1,0], t10[ 1,1]) '


r.null t11 setnull=99999


g.region res=90


r.cost  -r travelTime90 out=t12 start_rast=t11 percent=100


g.region res=30


r.mapcalc 'xlCityTime90= \


  round((t12[-1,-1] + t12[-1,0] + t12[-1,1] + \


   t12[ 0,-1] + t12       + t12[ 0,1] + \


   t12[ 1,-1] + t12[ 1,0] + t12[ 1,1]) / 9) '


g.remove t10,t11,t12

# A cumulative cost map at the 30 meter resolution is produced out to the 

# 30-minute travel time threshold.  With a sufficiently fast r.cost, this

# step could suffice for the entire area.

smallCityTime30: smallCity travelTime30


@echo '#########################'; echo $@ ; date 


g.region res=30


r.cost  travelTime30 out=smallCityTime30 start_rast=smallCity percent=100


r.mapcalc 'smallCityTime30=round(smallCityTime30)'

# A cumulative cost map at the 30 meter resolution is produced out to the 

# 30-minute travel time threshold.  With a sufficiently fast r.cost, this

# step could suffice for the entire area.

mediumCityTime30: mediumCity travelTime30


@echo '#########################'; echo $@ ; date 


g.region res=30


r.cost  travelTime30 out=mediumCityTime30 start_rast=mediumCity percent=100


r.mapcalc 'mediumCityTime30=round(mediumCityTime30)'

# A cumulative cost map at the 30 meter resolution is produced out to the 

# 30-minute travel time threshold.  With a sufficiently fast r.cost, this

# step could suffice for the entire area.

xlCityTime30: xlCity travelTime30


@echo '#########################'; echo $@ ; date 


g.region res=30


r.cost  travelTime30 out=xlCityTime30 start_rast=xlCity percent=100


r.mapcalc 'xlCityTime30=round(xlCityTime30)'

# A cumulative cost map at the 30 meter resolution is produced out to the 

# 30-minute travel time threshold.  With a sufficiently fast r.cost, this

# step could suffice for the entire area.

largeCityTime30: largeCity travelTime30


@echo '#########################'; echo $@ ; date 


g.region res=30


r.cost  travelTime30 out=largeCityTime30 start_rast=largeCity percent=100


r.mapcalc 'largeCityTime30=round(largeCityTime30)'

######################################################################

######################################################################

# Creates a slope map (in degrees) from the dem.  Assumes the dem z values are meters

LEslope: dem


@echo '#########################'; echo $@ ; date 


g.region res=30


r.slope.aspect dem slope=LEslope


r.mapcalc 'LEslope=round(LEslope)'

# Create a travel cost surface for travel to ramps (road cat 6)

LEramp_att: travelTime30 travelTime90 road


@echo '#########################'; echo $@ ; date 


# Start the travel time at 30 m resolution


g.region res=30


# Look for ramp (cat 6) cells that border limited access roads (cat 1)


r.mapcalc t13='if(road==3 && (\

           road[-1,-1]==2 || road[-1,0]==2 || road[-1,1]==2 || \

           road[ 0,-1]==2 ||                  road[ 0,1]==2 || \

           road[ 1,-1]==2 || road[ 1,0]==2 || road[ 1,1]==2 || \

           road[-1,-1]==1 || road[-1,0]==1 || road[-1,1]==1 || \

           road[ 0,-1]==1 ||                  road[ 0,1]==1 || \

           road[ 1,-1]==1 || road[ 1,0]==1 || road[ 1,1]==1),1,null())'


# Run r.cost from these locations


r.cost  start_rast=t13 input=travelTime30 output=t14 percent=100


# Run travel time at 90 meter resolution


g.region res=90


r.cost  -r start_rast=t14 input=travelTime90 output=t15  percent=100


# Combine


g.region res=30


r.mapcalc 'LEramp_att=round(if(isnull(t14),t15,t14))'


g.remove t13,t14,t15

# Create a travel cost surface for travel to state roads (road cat 6)

LEstaterd_att: travelTime30 travelTime90 road


@echo '#########################'; echo $@ ; date 


# Start the travel time at 30 m resolution


g.region res=30


# Look for ramp (cat 6) cells that border limited access roads (cat 1)


r.mapcalc t16='if(road==6,1,null())'


# Run r.cost from these locations


r.cost  start_rast=t16 input=travelTime30 output=t17 percent=100


# Run travel time at 90 meter resolution


g.region res=90


r.cost -r  start_rast=t17 input=travelTime90 output=t18  percent=100


# Combine


g.region res=30


r.mapcalc 'LEstaterd_att=round(if(isnull(t17),t18,t17))'


g.remove t16,t17,t18

# Create a travel cost surface for travel to intersections

LEintersect_att: travelTime30 travelTime90 intersection


@echo '#########################'; echo $@ ; date 


# Start the travel time at 30 m resolution


g.region res=30


# Look for ramp (cat 6) cells that border limited access roads (cat 1)


r.mapcalc t19='if(intersection,1,null())'


# Run r.cost from these locations


r.cost  start_rast=t19 input=travelTime30 output=t20 percent=100


# Run travel time at 90 meter resolution


g.region res=90


r.cost -r  start_rast=t20 input=travelTime90 output=t21  percent=100


# Combine


g.region res=30


r.mapcalc 'LEintersect_att=round(if(isnull(t20),t21,t20))'


g.remove t19,t20,t21

# Finds state (2) and county  (3) road  intersections.  Create a map of

# just state and county roads. Expand these locations by one cell and

# then thin them down to one cell (to take care of any small map errors).

# Then find cells that are surrounded by more than two cells containing

# roads.

intersection: road


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc 't22=if((road==2) || (road==3), 1, 0)'


r.thin t22 output=t23


r.null t23 null=0


r.mapcalc 'intersection=if(t23==1,if(2< \


  (t23[-1,-1] + t23[-1,0] + t23[-1,1] + \


   t23[ 0,-1]             + t23[ 0,1] + \


   t23[ 1,-1] + t23[ 1,0] + t23[ 1,1]),1,0))'


g.remove t22,t23

# Create the municipal buffer file for LEAM

LEcity_buff: municipalBoundary LEboundary


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc 'LEcity_buff=if(isnull(LEboundary),1,if(isnull(municipalBoundary),0,1))'

# Create a distance surface to the nearest cell containing water.

LEwater_att: LElandcover


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc t24='if(LElandcover==11 || LElandcover==91 || LElandcover==92,1,0)'


r.null t24 setnull=0


r.buffer t24 output=t25 distances=30,60,90,120


r.mapcalc LEwater_att='if(isnull(t25),127,(t25-1)*30)'


g.remove t24,t25

# Create a distance surface to the nearest cell containing forest -

LEforest_att: LElandcover


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc t26='if(LElandcover==41 || LElandcover==42 || \


LElandcover==43 || LElandcover==91,1,0)'


r.null t26 setnull=0


r.buffer t26 output=t27 distances=30,60,90,120


r.mapcalc LEforest_att='if(isnull(t27),127,(t27-1)*30)'


g.remove t26,t27

# Computes travel time to the nearest road - assuming an off-road travel speed

# of .5 mph.  Uses the buffer program rather than the cost accumulation program.

#LEroad_att: road

#
@echo '#########################'; echo $@ ; date 

#
g.region res=30

#
r.mapcalc tmp='if(road==4,1,null())'

#
r.buffer tmp output=LEroad_att distances=30,60,90,120,150,180,210,240,270,300,330,360,390,420,450,480,510,540,570,600,630,660,690,720,750,780,810,840,870,900,930,960,990

#
# Convert distance in meters to time in minutes - assuming 5 mph

#
#            60 min       mile         hr      

#
#  X min  =  ------- *  ----------  * ------  *  Y meter

#
#               hr      1609 meter    .5 mile

#
#

#
# X min = 60 / (1609 * .5) min/meter * Y meter

#
# X min = .0745 min/meter * Y meter

#
# X min = .0745 min/meter * Y meter

#
# Max is 1000 meter = 75 min

#
r.mapcalc LEroad_att='if(isnull(LEroad_att), 75,round((LEroad_att-1)*30*.0745))'

#
g.remove tmp

# Create a travel cost surface for travel to state roads (road cat 4)

LEroad_att: travelTime30 travelTime90 road


@echo '#########################'; echo $@ ; date 


# Start the travel time at 30 m resolution


g.region res=30


# Look for county road (cat 4) cells


r.mapcalc t28='if(road==4,1,null())'


# Run r.cost from these locations


r.cost  start_rast=t28 input=travelTime30 output=t29 percent=100


# Run travel time at 90 meter resolution


g.region res=90


r.cost -r  start_rast=t29 input=travelTime90 output=t30  percent=100


# Combine


g.region res=30


r.mapcalc 'LEroad_att=round(if(isnull(t29),t30,t29))'


g.remove t28,t29,t30

######################################################################

######################################################################

# Travel time maps generated below at the 30 and 90 meter resolution

######################################################################

######################################################################

# Creates a travel time across 90 meter cells by choosing the shortest time

# from among the 9 associated 30 meter cells.  It preserves travel time along

# road cat 1 (limited access) and preserves the highway buffer

travelTime90: travelSpeed90


@echo '#########################'; echo $@ ; date 


g.region res=90


# 90m/cell * 1mile/1609meter * 60min/hr = 3.35538min.mile/cell.hr


# 3.35538min.mile/cell.hr / x miles/hr = Y min/cell


r.mapcalc 'travelTime90=if(travelSpeed90>0,3.35538/travelSpeed90, null())'

# Computes the time required to traverse a cell in the N-S or E-W axes

travelTime30: travelSpeed30


@echo '#########################'; echo $@ ; date 


g.region res=30


# 30m/cell * 1mile/1609meter * 60min/hr = 1.11846min.mile/cell.hr


# 1.11846min.mile/cell.hr / x miles/hr = Y min/cell


r.mapcalc 'travelTime30=if(travelSpeed30>0,1.11846/travelSpeed30, null())'

# Assigns travel speed to cells based on road and landcover types.

# Speeds are in miles per hour (mph)

travelSpeed30: LEno_growth LEboundary hwyBuff roadTravelSpeed30 landTravelSpeed30


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc travelSpeed30='\


if(isnull(LEboundary), null(), \


if(isnull(roadTravelSpeed30),null(), \


if(roadTravelSpeed30!=0, roadTravelSpeed30, \


if(LEno_growth, null(), \


if(hwyBuff, null(), landTravelSpeed30)))))'

travelSpeed90: hwyBuff roadTravelSpeed30 landTravelSpeed30 travelableLandSpeed


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc t31='if(isnull(landTravelSpeed30),travelableLandSpeed,landTravelSpeed30)'


r.mapcalc t32='\


eval( \


highRoad = max( \


  roadTravelSpeed30[-1,-1],\


  roadTravelSpeed30[-1,0],\


  roadTravelSpeed30[-1,1],\


  roadTravelSpeed30[ 0,-1],\


  roadTravelSpeed30      ,\


  roadTravelSpeed30[ 0,1],\


  roadTravelSpeed30[ 1,-1],\


  roadTravelSpeed30[ 1,0],\


  roadTravelSpeed30[ 1,1]),\


highLand = max( \


  t31[-1,-1],\


  t31[-1,0],\


  t31[-1,1],\


  t31[ 0,-1],\


  t31      ,\


  t31[ 0,1],\


  t31[ 1,-1],\


  t31[ 1,0],\


  t31[ 1,1]), \


haveBuffer = if( \


  hwyBuff[-1,-1]==1 || hwyBuff[-1,0]==1 || hwyBuff[-1,1]==1 || \


  hwyBuff[ 0,-1]==1 || hwyBuff==1       || hwyBuff[ 0,1]==1 || \


  hwyBuff[ 1,-1]==1 || hwyBuff[ 1,0]==1 || hwyBuff[ 1,1]==1, 1, 0), \


if(highRoad > 0, highRoad, \


if(haveBuffer > 0, null(), \


if(highLand > 0, highLand, null())))) '


r.mapcalc travelSpeed90='\


eval(\


haveBuffer = if( \


  isnull(t32[-1,-1]) || isnull(t32[-1,0]) || isnull(t32[-1,1]) || \


  isnull(t32[ 0,-1]) || isnull(t32)       || isnull(t32[ 0,1]) || \


  isnull(t32[ 1,-1]) || isnull(t32[ 1,0]) || isnull(t32[ 1,1]), 1, 0), \


if(t32==70,70,if(haveBuffer,null(),t32)))'


g.remove t31,t32

roadTravelSpeed30: road


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc roadTravelSpeed30='\


  if(road==1,70, \


  if(road==2,50, \


  if(road==3,40, \


  if(road==4,30, \


  if(road==5,20, \


  if(road==6,30, \


  if(road==7,10,0)))))))'

landTravelSpeed30: LElandcover


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc landTravelSpeed30='\


  if(LElandcover==21,10, \


  if(LElandcover==22,10, \


  if(LElandcover==23,10,null())))' \

travelableLandSpeed: LElandcover


r.mapcalc travelableLandSpeed=' \


  if(LEno_growth!=1 && \


     LElandcover!=11 && \


     LElandcover!=12 && \


     LElandcover!=91 && \


     LElandcover!=92, 1, 0)'

# Creates a map of 1-cell wide buffers along limited access highways

#  except where other roads intersect.  Problems:

#  - No distinction between bridges and true intersections

#  - Parallel roads in the next cell are considered access points

hwyBuff: road


@echo '#########################'; echo $@ ; date 


g.region res=30


r.mapcalc hwyBuff='\


if(road > 0, 0, if(road[-1,-1]==1 || road[-1,0]==1 || road[-1,1]==1 || \


   road[ 0,-1]==1 ||                  road[ 0,1]==1 || \


   road[ 1,-1]==1 || road[ 1,0]==1 || road[ 1,1]==1, 1, 0))'

######################################################################

######################################################################

# The following instructions generate index (0-1) maps for each 

# attractiveness factor using the following approach:

# 1 - cross-list the attractiveness level to starting residential patterns

#     and potential developable areas.

# 2 - associate attractiveness level with percent developed

# 3 - convert attractiveness map to percent developed (0-1 index)

#

# This is accomplished with these steps:

# 1 - Find high value in attractiveness map (r.describe -r)

# 2 - Divide the map by this value; multiply by 10 and round to create

#     10 categories (r.mapcalc)

# 3 - Cross-reference the categories with the number of residential and 

#     developable cells (r.coin)

# 4 - Process the results to create a "graph" (awk)

# 5 - Apply the graph to the attractiveness map to create the index map

######################################################################

######################################################################

Developable: LElandcover LEno_growth


@echo '#########################'; echo $@ ; date 


r.mapcalc Developable='if(LElandcover==21 || LElandcover==22, 2, \


  if(LEno_growth || LElandcover==11 || LElandcover==24 || \


  LElandcover==91 || LElandcover==92 || LElandcover==85, 0, 1))'

CITIES_ATTRACTOR_RES: LEcities_att Developable


@echo '#########################'; echo $@ ; date 


@ rm -f ../LEAM/XXcitiesHigh


@ mkdir -p ../LEAM


## Normalize the map


# find highest value in map


r.describe LEcities_att -r -i -q | grep thru | sed -e 's/.* //' > ../LEAM/XXcitiesHigh


# divide map by highest value - multiply by some number (e.g. 10)


r.mapcalc t33='round((10 * LEcities_att)'/`cat ../LEAM/XXcitiesHigh`')'


# generate ../LEAM/awkscript for processing r.coin output into graph


@ rm -f ../LEAM/awkscript


@ echo 'BEGIN { FS = " "; separators=0}' > ../LEAM/awkscript


@ echo '{ if (NF == 1) { separators += 1 } }' >> ../LEAM/awkscript


@ echo '{ if (NR > 24 && separators < 7) { mapval = $$2 *' `cat ../LEAM/XXcitiesHigh`' / 10; if (($$6 + $$8) == 0) ratio=0; else ratio = $$8/($$6 + $$8); printf("%d,%f, ", mapval, ratio)} }' >> ../LEAM/awkscript


@ echo 'END {printf("\n")}' >> ../LEAM/awkscript


# apply graph to attractiveness map to create index map


r.coin map1=Developable map2=t33 u=c | awk -f ../LEAM/awkscript | sed -e 's/, $$//' > ../LEAM/XXcitiesGraph


r.mapcalc 'CITIES_ATTRACTOR_RES=graph(LEcities_att, '`cat ../LEAM/XXcitiesGraph`')'

#
g.remove t33

CT_RD_ATTRACTOR_RES:LEroad_att Developable


@echo '#########################'; echo $@ ; date 


@ rm -f ../LEAM/XXct_rdHigh


@ mkdir -p ../LEAM


## Normalize the map


# find highest value in map


r.describe LEroad_att -r -i -q | grep thru | sed -e 's/.* //' > ../LEAM/XXct_rdHigh


# divide map by highest value - multiply by some number (e.g. 10)


r.mapcalc t34='round((10 * LEroad_att)'/`cat ../LEAM/XXct_rdHigh`')'


# generate ../LEAM/awkscript for processing r.coin output into graph


@ rm -f ../LEAM/awkscript


@ echo 'BEGIN { FS = " "; separators=0}' > ../LEAM/awkscript


@ echo '{ if (NF == 1) { separators += 1 } }' >> ../LEAM/awkscript


@ echo '{ if (NR > 24 && separators < 7) { mapval = $$2 *' `cat ../LEAM/XXct_rdHigh`' / 10; if (($$6 + $$8) == 0) ratio=0; else ratio = $$8/($$6 + $$8); printf("%d,%f, ", mapval, ratio)} }' >> ../LEAM/awkscript


@ echo 'END {printf("\n")}' >> ../LEAM/awkscript


# apply graph to attractiveness map to create index map


r.coin map1=Developable map2=t34 u=c | awk -f ../LEAM/awkscript | sed -e 's/, $$//' > ../LEAM/XXct_rdGraph


r.mapcalc 'CT_RD_ATTRACTOR_RES=graph(float(LEroad_att), '`cat ../LEAM/XXct_rdGraph`')'


g.remove t34

RAMP_ATTRACTOR_RES:LEramp_att Developable


@echo '#########################'; echo $@ ; date 


@ rm -f ../LEAM/XXrampHigh


@ mkdir -p ../LEAM


## Normalize the map


# find highest value in map


r.describe LEramp_att -r -i -q | grep thru | sed -e 's/.* //' > ../LEAM/XXrampHigh


# divide map by highest value - multiply by some number (e.g. 10)


r.mapcalc t35='round((10 * LEramp_att)'/`cat ../LEAM/XXrampHigh`')'


# generate ../LEAM/awkscript for processing r.coin output into graph


@ rm -f ../LEAM/awkscript


@ echo 'BEGIN { FS = " "; separators=0}' > ../LEAM/awkscript


@ echo '{ if (NF == 1) { separators += 1 } }' >> ../LEAM/awkscript


@ echo '{ if (NR > 24 && separators < 7) { mapval = $$2 *' `cat ../LEAM/XXrampHigh`' / 10; if (($$6 + $$8) == 0) ratio=0; else ratio = $$8/($$6 + $$8); printf("%d,%f, ", mapval, ratio)} }' >> ../LEAM/awkscript


@ echo 'END {printf("\n")}' >> ../LEAM/awkscript


# apply graph to attractiveness map to create index map


r.coin map1=Developable map2=t35 u=c | awk -f ../LEAM/awkscript | sed -e 's/, $$//' > ../LEAM/XXrampGraph


r.mapcalc 'RAMP_ATTRACTOR_RES=graph(float(LEramp_att), '`cat ../LEAM/XXrampGraph`')'


g.remove t35

RD_INTERSECTION_RES:LEintersect_att Developable


@echo '#########################'; echo $@ ; date 


@ rm -f ../LEAM/XXintersectionHigh


@ mkdir -p ../LEAM


## Normalize the map


# find highest value in map


r.describe LEintersect_att -r -i -q | grep thru | sed -e 's/.* //' > ../LEAM/XXintersectionHigh


# divide map by highest value - multiply by some number (e.g. 10)


r.mapcalc t36='round((10 * LEintersect_att)'/`cat ../LEAM/XXintersectionHigh`')'


# generate ../LEAM/awkscript for processing r.coin output into graph


@ rm -f ../LEAM/awkscript


@ echo 'BEGIN { FS = " "; separators=0}' > ../LEAM/awkscript


@ echo '{ if (NF == 1) { separators += 1 } }' >> ../LEAM/awkscript


@ echo '{ if (NR > 24 && separators < 7) { mapval = $$2 *' `cat ../LEAM/XXintersectionHigh`' / 10; if (($$6 + $$8) == 0) ratio=0; else ratio = $$8/($$6 + $$8); printf("%d,%f, ", mapval, ratio)} }' >> ../LEAM/awkscript


@ echo 'END {printf("\n")}' >> ../LEAM/awkscript


# apply graph to attractiveness map to create index map


r.coin map1=Developable map2=t36 u=c | awk -f ../LEAM/awkscript | sed -e 's/, $$//' > ../LEAM/XXintersectionGraph


r.mapcalc 'RD_INTERSECTION_RES=graph(float(LEintersect_att), '`cat ../LEAM/XXintersectionGraph`')'


g.remove t36

TREE_ATTRACTOR_RES:LEforest_att Developable


@echo '#########################'; echo $@ ; date 


@ rm -f ../LEAM/XXtreeHigh


@ mkdir -p ../LEAM


## Normalize the map


# find highest value in map


r.describe LEforest_att -r -i -q | grep thru | sed -e 's/.* //' > ../LEAM/XXtreeHigh


# divide map by highest value - multiply by some number (e.g. 10)


r.mapcalc t37='round((10 * LEforest_att)'/`cat ../LEAM/XXtreeHigh`')'


# generate ../LEAM/awkscript for processing r.coin output into graph


@ rm -f ../LEAM/awkscript


@ echo 'BEGIN { FS = " "; separators=0}' > ../LEAM/awkscript


@ echo '{ if (NF == 1) { separators += 1 } }' >> ../LEAM/awkscript


@ echo '{ if (NR > 24 && separators < 7) { mapval = $$2 *' `cat ../LEAM/XXtreeHigh`' / 10; if (($$6 + $$8) == 0) ratio=0; else ratio = $$8/($$6 + $$8); printf("%d,%f, ", mapval, ratio)} }' >> ../LEAM/awkscript


@ echo 'END {printf("\n")}' >> ../LEAM/awkscript


# apply graph to attractiveness map to create index map


r.coin map1=Developable map2=t37 u=c | awk -f ../LEAM/awkscript | sed -e 's/, $$//' > ../LEAM/XXtreeGraph


r.mapcalc 'TREE_ATTRACTOR_RES=graph(float(LEforest_att), '`cat ../LEAM/XXtreeGraph`')'


g.remove t37

WATER_ATTRACTOR_RES:LEwater_att Developable


@echo '#########################'; echo $@ ; date 


@ rm -f ../LEAM/XXwaterHigh


@ mkdir -p ../LEAM


## Normalize the map


# find highest value in map


r.describe LEwater_att -r -i -q | grep thru | sed -e 's/.* //' > ../LEAM/XXwaterHigh


# divide map by highest value - multiply by some number (e.g. 10)


r.mapcalc t38='round((10 * LEwater_att)'/`cat ../LEAM/XXwaterHigh`')'


# generate ../LEAM/awkscript for processing r.coin output into graph


@ rm -f ../LEAM/awkscript


@ echo 'BEGIN { FS = " "; separators=0}' > ../LEAM/awkscript


@ echo '{ if (NF == 1) { separators += 1 } }' >> ../LEAM/awkscript


@ echo '{ if (NR > 24 && separators < 7) { mapval = $$2 *' `cat ../LEAM/XXwaterHigh`' / 10; if (($$6 + $$8) == 0) ratio=0; else ratio = $$8/($$6 + $$8); printf("%d,%f, ", mapval, ratio)} }' >> ../LEAM/awkscript


@ echo 'END {printf("\n")}' >> ../LEAM/awkscript


# apply graph to attractiveness map to create index map


r.coin map1=Developable map2=t38 u=c | awk -f ../LEAM/awkscript | sed -e 's/, $$//' > ../LEAM/XXwaterGraph


r.mapcalc 'WATER_ATTRACTOR_RES=graph(float(LEwater_att), '`cat ../LEAM/XXwaterGraph`')'


g.remove t38

SLOPE_RES:LEslope Developable


@echo '#########################'; echo $@ ; date 


@ rm -f ../LEAM/XXslopeHigh


@ mkdir -p ../LEAM


## Normalize the map


# find highest value in map


r.describe LEslope -r -i -q | grep thru | sed -e 's/.* //' > ../LEAM/XXslopeHigh


# divide map by highest value - multiply by some number (e.g. 10)


r.mapcalc t39='round((10 * LEslope)'/`cat ../LEAM/XXslopeHigh`')'


# generate ../LEAM/awkscript for processing r.coin output into graph


@ rm -f ../LEAM/awkscript


@ echo 'BEGIN { FS = " "; separators=0}' > ../LEAM/awkscript


@ echo '{ if (NF == 1) { separators += 1 } }' >> ../LEAM/awkscript


@ echo '{ if (NR > 24 && separators < 7) { mapval = $$2 *' `cat ../LEAM/XXslopeHigh`' / 10; if (($$6 + $$8) == 0) ratio=0; else ratio = $$8/($$6 + $$8); printf("%d,%f, ", mapval, ratio)} }' >> ../LEAM/awkscript


@ echo 'END {printf("\n")}' >> ../LEAM/awkscript


# apply graph to attractiveness map to create index map


r.coin map1=Developable map2=LEslope u=c | awk -f ../LEAM/awkscript | sed -e 's/, $$//' > ../LEAM/XXslopeGraph


r.mapcalc 'SLOPE_RES=graph(float(LEslope), '`cat ../LEAM/XXslopeGraph`')'

ST_RD_ATTRACTOR_RES:LEstaterd_att Developable


@echo '#########################'; echo $@ ; date 


@ rm -f ../LEAM/XXst_rdHigh


@ mkdir -p ../LEAM


## Normalize the map


# find highest value in map


r.describe LEstaterd_att -r -i -q | grep thru | sed -e 's/.* //' > ../LEAM/XXst_rdHigh


# divide map by highest value - multiply by some number (e.g. 10)


r.mapcalc t40='round((10 * LEstaterd_att)'/`cat ../LEAM/XXst_rdHigh`')'


# generate ../LEAM/awkscript for processing r.coin output into graph


@ rm -f ../LEAM/awkscript


@ echo 'BEGIN { FS = " "; separators=0}' > ../LEAM/awkscript


@ echo '{ if (NF == 1) { separators += 1 } }' >> ../LEAM/awkscript


@ echo '{ if (NR > 24 && separators < 7) { mapval = $$2 *' `cat ../LEAM/XXst_rdHigh`' / 10; if (($$6 + $$8) == 0) ratio=0; else ratio = $$8/($$6 + $$8); printf("%d,%f, ", mapval, ratio)} }' >> ../LEAM/awkscript


@ echo 'END {printf("\n")}' >> ../LEAM/awkscript


# apply graph to attractiveness map to create index map


r.coin map1=Developable map2=t40 u=c | awk -f ../LEAM/awkscript | sed -e 's/, $$//' > ../LEAM/XXst_rdGraph


r.mapcalc 'ST_RD_ATTRACTOR_RES=graph(float(LEstaterd_att), '`cat ../LEAM/XXst_rdGraph`')'


g.remove t40

######################################################################

# This combines residential attractors

# into an overall residential attractor map

ATTRACTOR_RES: CT_RD_ATTRACTOR_RES SLOPE_RES RAMP_ATTRACTOR_RES \


ST_RD_ATTRACTOR_RES TREE_ATTRACTOR_RES WATER_ATTRACTOR_RES \


CITIES_ATTRACTOR_RES RD_INTERSECTION_RES LEno_growth LElandcover LEboundary


@echo '#########################'; echo $@ ; date 


r.mapcalc ATTRACTOR_RES=eval'( \


  developable=if(LEno_growth || \


  LElandcover==11 || LElandcover==21 || \


  LElandcover==22 || LElandcover==23 || LElandcover==24 || \


  LElandcover==91 || LElandcover==92 || LElandcover==85, 0, 1), \


  developable * (CT_RD_ATTRACTOR_RES * ${CT_RD_ATTRACTOR_RES_MULT} + \


  SLOPE_RES * ${SLOPE_RES_MULT} + \


  RD_INTERSECTION_RES * ${RD_INTERSECTION_RES_MULT} + \


  RAMP_ATTRACTOR_RES * ${RAMP_ATTRACTOR_RES_MULT} + \


  ST_RD_ATTRACTOR_RES * ${ST_RD_ATTRACTOR_RES_MULT} + \


  TREE_ATTRACTOR_RES * ${TREE_ATTRACTOR_RES_MULT} + \


  WATER_ATTRACTOR_RES * ${WATER_ATTRACTOR_RES_MULT} + \


  CITIES_ATTRACTOR_RES * ${CITIES_ATTRACTOR_RES_MULT}) / \


  (${RD_INTERSECTION_RES_MULT} + ${CT_RD_ATTRACTOR_RES_MULT} + ${SLOPE_RES_MULT} + \


  ${RAMP_ATTRACTOR_RES_MULT} + ${ST_RD_ATTRACTOR_RES_MULT} + \


  ${TREE_ATTRACTOR_RES_MULT} + ${WATER_ATTRACTOR_RES_MULT} + \


  ${CITIES_ATTRACTOR_RES_MULT}))'

# Evolve Landscape

futureLanduse: ATTRACTOR_RES


r.mapcalc futureLanduse=if'(ATTRACTOR_RES > rand(0.0,8.0),21,null())'

#
r.mapcalc futureLanduse=if'(ATTRACTOR_RES * ATTRACTOR_RES * ATTRACTOR_RES / 4>\

#
rand(0.0,1.0),21,null())'

altfutureLanduse: ATTRACTOR_RES

#
x=$(shell r.stats -c ATTRACTOR_RES | sed -e 's/-[^ ]*/*/' -e 's/$$/+\\/' -e 's/^\*.*/0/' | bc ); \

#
echo $$x ; \


r.mapcalc futureLanduse=if'(ATTRACTOR_RES * ATTRACTOR_RES >\


rand(0.0,1.0),21,null())'

# Removes all the temporary files used in the creation of the LEAM inputs

clean:


g.remove rast=${Otherfiles}

# Removes all the temporary and LEAM input files

veryclean: clean


g.remove rast=${LEfiles}


g.remove rast=${Indexfiles}
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