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Introduction to UrbanFootprint


Goals


	To better help you understand what scenario planning is, and why it is being done.

	to help you better understand what UrbanFootprint is, and what role it can play in scenario planning for your organization or project.






What is a scenario, and what is scenario planning?


Scenario Planning: a brief history

[image: _images/SPHistory.svg]
	Scenario planning has a long history originating from military practices in the Roman Empire and China

	More recently, the RAND Corporation made notable use of it in outlining possible US responses to nuclear threats

	Also, Royal Dutch/Shell’s prior scenario planning exercises led to them diversifying their sourcing and allowed them to better endure the OPEC oil embargo in the 1970s

	The current and evolving practice is an outgrowth of the types of alternatives analysis used in complying with NEPA and Federal transportation planning requirements. However, until recently most scenario planning consisted of a “build or no-build” suite of policies.

	The EnvisionUtah and subsequent projects modeled off of it such as the SACOG Blueprint have expanded on the concept of utilizing a larger variety of scenario options.






Definition of a Scenario

An internally consistent view of what the future might turn out to be-not a forecast, but one   possible future outcome.

(Porter, 1985)


	Internally Consistent: Each component of the scenario should be coordinated to create a set of scenario ingredients that could reasonably occur together. I.e. land use and transportation components should be coordinated so that areas of focus for transit investment also have appropriate housing and employment.

	Forecast: a scenario is frequently not a true forecast, which would be a projection based on a continuation of current trends. Instead a scenario planning effort can and should depart from the historic trend in some of the scenarios to explore alternatives to the status quo.




FHWA Definition

The Federal Highway Authority defines Scenario Planning:


“Scenario planning provides a framework for developing a shared vision for the future by analyzing various forces (e.g., health, transportation, economic, environmental, land use, etc.) that affect communities. Scenario planning, which can be done at the statewide level or for metropolitan regions, tests various future alternatives that meet state and community needs. A defining characteristic of successful public sector scenario planning is that it actively involves the public, the business community, and elected officials on a broad scale, educating them about growth trends and trade-offs, and incorporating their values and feedback into future plans.”





Discussion


	Scenario Planning should be considered a framework. There is no single set of practices that will suit every location and every purpose.

	Scenario Planning is a tool for use in developing a shared vision based on an informed discussion of the alternatives, their likely effects, and costs.

	Scenario Planning can be done at any scale, from global to local, though the toolset chosen may vary widely.

	Scenario Planning is an inclusive process with involvement of the public, business community,  trained planners, elected officials, and other interested stakeholders.

	Scenario Planning should be educational. For some people, it will be learning about the likely effects of policy choices. For others, it will teach them what the assembled stakeholders have to contribute to the discussion and what their priorities are.






FHWA Steps for Scenario Planning

[image: _images/FHWA_ScenarioPlanning.png]

	Defining the scope of the project

	Identify current conditions and trends including data assembly

	Establish goals for the future

	Develop scenarios

	Evaluate scenarios

	Craft a vision including strategic actions and performance measure to guide implementation.



http://www.fhwa.dot.gov/planning/scenario_and_visualization/scenario_planning/scenario_planning_guidebook/guidebook.pdf






Key Elements of Scenario Planning


	Use of scenarios to compare and contrast interactions between multiple factors, such as transportation, land use, and economic development.

	Analysis of how different land-use, demographic, or other types of scenarios could impact transportation networks.

	Identification of possible strategies that lead a state, community, region, or study area toward achieving elements of the preferred future.

	Public engagement throughout the process




Discussion


	Comparison of outcomes between multiple scenarios likely with complex interactions between factors.

	More Specifically, analysis of transportation effects, both transportation system and travel behavior

	Identifying strategies that lead towards achieving elements of the desired future.

	Active public and stakeholder involvement.










Why Develop Scenarios?


Explore the Range of Possiblities

[image: _images/RangeOfPossibilities.svg]Scenarios are a tool that allow us to explore the range of possibilities for the future. We can propose and compare scenarios that vary widely and across many dimensions. We can push the envelope with our scenarios to look beyond what might be reasonable for implementation, but that might be instructive as we look for implementable solutions.




Analyze Alternatives

[image: _images/AnalyzeAlternatives.svg]Comparing scenarios using analytical tools lets us compare scenario outcomes based on more than initial responses or gut feelings. Analytical tools applied to a suite of scenarios using appropriate settings allow us to compare scenarios quantitatively. While we do not have the level of certainty in these analytical tools that we have in other purpose built models (such as 4Step or activity based travel demand models), the analytical tools associated with most scenario planning can help us gage the direction and relative magnitude of effects.




Address Uncertainty

[image: _images/AddressUncertainty.svg]Uncertainty comes in many forms. Building a suite of scenarios can help us choose options that remain viable under a wider variety of factors that we cannot control locally.

Examples: Population Change (do we have larger or smaller population growth?), Climate Change (Exposure to risk of fire or flood), Economic Growth (changes to the economy, new sectors, rate of growth), Public Sentiment (preference for residential location or format).




Communicate with Stakeholders

Local and Regional Stakeholder Involvement

[image: _images/Communicate3.jpg]



Build Consensus and Partnerships

[image: _images/BuildConsensus.png]
Active (early and frequent) involvement of stakeholders in the discussions throughout the scenario planning activities helps build the partnerships that can create a robust and enduring vision for the future.  Project champions that will support efforts to achieve the goals defined in the scenario are likely to emerge from these partnerships.




Inform Decision Making

[image: _images/InformDecisions.png]
After a scenario planning process the leaders responsible for adopting or implementing strategies to achieve the agreed upon goals need to take action. The improved understanding of the effects that achieving the goals laid out by the scenarios allows decision makers whether elected or appointed make informed choices. Stakeholder support and champions drawn from within the partnerships created during the scenario planning activities help those decision makers defend the choices and resist pressures to underachieve or create unnecessary exemptions.






What Is UrbanFootprint?

[image: _images/UFLogo.png]

	A Scenario Planning Platform

	Web Based

	Open Source

	Extendable

	Funded by:
	State of California (Ca. SGC, Ca. HSRA)

	MPOs (SACOG, SANDAG, SCAG)

	NGOs

	Other State and Federal Grants








Open Source


	GNU Public License v3
	http://www.gnu.org/copyleft/gpl.html

	Anyone who receives the product is entitled to the code

	Anyone with the code can inspect and modify it

	Anyone with the code can redistribute it under these same sets of rules.





	The software is “free”
	Hardware, hosting, support, and staffing not included.








Discussion


	UrbanFootprint is licensed under the GNU Public License v3

	Anyone who is given the product is entitled to the underlying code

	Anyone with the code can modify it for their own use.

	That code can be freely redistributed as long as it has the license is not changed.

	It’s important to note that in general, open source software is free to obtain, but there are frequently other costs associated with it (hardware, hosting, support, and staff skill development).








Open Source Software Used by Urban Footprint

Ubuntu: http://www.ubuntu.com/


	A common Linux distribution



Python: https://www.python.org/


	Programming language



PostgreSQL: http://www.postgresql.org/


	Open Source enterprise database



PostGIS: http://postgis.net/


	Geographic data storage and analysis (an extension to PostgreSQL)



GDAL: http://www.gdal.org/


	Geographic data translation



TileStache: http://tilestache.org/


	Map tile server (provides the graphical content for maps)



Nginx: http://nginx.org/


	Web server



Polymaps: (custom version)


	JS Web Mapping



Django: https://www.djangoproject.com/


	Web application framework



Sproutcore: http://sproutcore.com/


	User interface development



Celery: http://www.celeryproject.org/


	Distributed task queue (coordinating multiple simultaneous computing tasks)



Redis: http://redis.io/


	Data structure server (rapid lookup database)




Discussion

UrbanFootprint is built on a suite of open source tools that range from the operating system on the server (linux), the web server(Apache), the programming language (Python), the databases and other programming toolkits (Postgresql/PostGIS, Tilestache, redis, celery, GDAL/OGR, Django), and the user interface (sproutcore).

This means that it can be installed, used, and customized without licensing fees. It can also be shared freely.






A Tour of UrbanFootprint

[image: _images/BaseCondition.png]

Scenario Management


	Switching between scenarios and the base condition

	Quick summary of scenario population, dwelling units, and employment

	Access to the menus for creating and deleting new scenarios



[image: _images/BaseCond_Explore.png]



Layer Management


	Turning layers on and off within your display.

	Changing layer display options

	Adding new layers



[image: _images/ScenarioA_LayerOrder.png]



Charts

[image: _images/ScenarioA_Explore.png]
These graphs give you a quick summary of the population, dwelling unit, and employment totals and mixtures for the scenario




The Map

[image: _images/BaseCondition.png]



Analytical Engines


	A wide range of analytical tools that have been built to work with UrbanFootprint.

	Many are linked to each other meaning that outputs from the transportation analysis feed into the public health, criteria pollutant emissions, household costs, and greenhouse gas calculations.

	At present most of these tools have to be run from command line on the server not through the User Interface (UI).

	These analytical engines frequently require calibration to the local environment.



[image: _images/ScenarioA_Analysis.png]







Creating Scenarios


What the are the Scenario’s Goals or Properties?


	How much population growth?





	Changes in demographics?







	What kinds of housing will accommodate them?

	How many new jobs? And what kind of job are they?

	Where will housing and job development be prioritized?

	What areas will be protected?




Discussion


	This is a critical step. Defining the scenarios’ goals and properties sets the rest of the planning process up.

	Outreach and stakeholder involvement could be highly beneficial depending on your work plan

	Many features of the scenario should be outlined at this point:





	Population change

	Employment growth

	Urban Form

	Growth centers

	Housing types and densities

	Land and resource protection goals

	Transportation system goals











What are the Current Conditions?

[image: _images/BaseCond_Explore.png]

Discussion


	What are the current conditions? There are no perfect datasets. Each new area being set up for use in UrbanFootprint will need data prepared to describe the current conditions. Generally this will involve a synthesis of data drawn from parcel layers, the US Census, and other local dataset. This dataset will almost certainly require human review and editing prior to use.

	Some analytical modules require that extra data be prepared to inform and calibrate them.








Translate the Goals onto the Map

Before Editing

[image: _images/ScenarioA_BeforeEdit.png]
After Edit

[image: _images/ScenarioA_AfterEdit.png]

Discussion


	This is where the map for future land use takes form.

	Someone has to “paint” the new landscape into place or create it in some other way.

	This can be time consuming and benefits greatly from an understanding of land use planning and the communities’ identity.

	Frequently this will involve multiple iterations as a team works to meet targets for population, housing, and employment that were set for the scenario.








Evaluate Scenario Performance

[image: _images/ScenarioChart.png]

	Compare Scenarios Based on Performance Measures





	Vehicle Miles Travelled

	Energy Use

	Water Use

	Fiscal Impacts

	Public Health







	Identify Preferred Outcomes




Discussion


	Following scenario creation, or iteratively throughout the process before selecting final versions of a scenario, the performance measures can be calculated.

	Currently many of these calculations need to be triggered from the command line.

	Some of them are relatively fast calculations returning results within seconds, others may take substantially longer depending on the area being calculated and the type of analysis. Transportation in particular can take a while to run.








Transportation Engine

[image: _images/TransportSACOG2035.jpg]
Graphics can be prepared from the analytical engines that are effective communication tools. This graphic shows the average vehicle miles traveled per household in the Sacramento Area.

[image: _images/TransportEngine1.png]
Note: These are example presentations of the transport engine for the Sacramento area based on the Vision California work done by Calthorpe Associates in 2012.


Discussion

In many cases the raw results won’t be suitable for presentation immediately and will need to be prepared as better looking charts or graphs.






Public Health

[image: _images/PublicHealth.png]
Note: the Public Health model is being redeveloped at the moment. These are results from an old iteration of the model.


Discussion

The public health performance measure build on the results of the travel analysis. Results from it can indicate possible changes to public health (diabetes, respiratory, cardiovascular, and auto-pedestrian acciedents) based on the scenario.

The results presented here are demonstration graphics from the 2012 Vision California work conducted by Calthorpe Associates and cover the Sacramento region.








Informing Decisions

People make decisions
Scenario planning provides information


	Remember that scenario planning does not make decisions, it supports the exploration of scenarios and the identification of the effects (performance measures) that are likely if a scenario were to become reality.

	The analytical modules provide a standardized way to compare scenarios by performance measure.

	Based on the suite of performance measures decision makers can select a scenario as preferred vision for the future and develop strategies and plans to achieve it.









          

      

      

    

  

    
      
          
            
  
Installation

To install UrbanFootprint install these steps.

Note: UrbanFootprint is currently under active development. Very soon you’ll be able to get an UrbanFootprint instance up and running on your own using these instructions with provided demo data. Contact Calthorpe Analytics if you’d like to be notified when that is available, and in the meantime contact Nathaniel Roth for access to a demo site.


Document Conventions

Code that you would type in on the command line will look like:

sudo mkdir new_directory





These commands can generally be cut and pasted into the command line.

Hint: windows user using putty can select the text and then paste it into the terminal window by right clicking.

Each line that appears in a section of code should be entered as an individual line, executed, and then the next line should be entered and executed.

<Password> Indicates that you should enter the password for the appropriate account. Contact Evan Babb or Nathaniel Roth for the default password used internally. Because connections to the terminal the Amazon EC2 systems require a ssh key the virtual machines should be relatively safe from administrative access, but posting passwords on the internet is generally poor practice.




Setup

These instructions assume that you’ve got an Ubuntu 14.04LTS server that has just been created. They have been tested on Amazon Web Services EC2 instances.


System requirements

There are no set system requirements and performance has not been tested across a wide variety of hardware.

To date the common EC2 instance used for running UrbanFootprint has been a “m3.2xlarge” instance. These have 8 available CPUs, 30GB of memory, and 2 80GB SSD storage drives associated with them by default as of 11/14/2014.




Access to the repository

The code is under active development, contact Calthorpe Analytics if you’d like to be notified when the code is publicly available.

*Note: As of 3/23/2015, we expect to have the code up and available through a publicly accessible repository in the next week or so.




Using Amazon


AWS Account

Set up an Amazon Web Service account. This will require a credit card to cover costs.
http://aws.amazon.com/




Install PuTTY (Windows)

http://www.chiark.greenend.org.uk/~sgtatham/putty/download.html

PuTTY is a commonly used set of utilities for remote connection to Linux and Ubuntu computers from windows.
I recommend using the Windows installer that installs “everything except PuTTYtel.” As of this writing the version is PuTTY v0.63.




SSH Key

Follow Amazon’s instructions for creating a SSH key pair.

http://docs.aws.amazon.com/AWSEC2/latest/UserGuide/ec2-key-pairs.html




AWS Security Profile

Inbound traffic:









	Type
	Protocol
	Port Range
	Source




	SSH
	TCP
	22
	0.0.0.0/0


	HTTP
	TCP
	80
	0.0.0.0/0


	Custom TCP
	TCP
	8081
	0.0.0.0/0





These settings are worth reviewing with your system administrator.
It would be a good idea to restrict the SSH sources to an IP range that exists within your organization for improved security. The same is true of the Custom TCP o n Port 8081 if you’re assigning an IP address directly to the machine or paying for a fixed one from Amazon.

the HTTP port 80 is the standard port that almost all web traffic uses and as such needs to be left open to all sources that may want to use UrbanFootprint. You could use this to limit access to only your organization.

Outbound traffic:
All traffic and all protocols on all ports to all destinations are open. i.e. there’s no restrictions on outbound traffic.




Create Instance

Step 1: Choose AMI

Ubuntu 14.04LTS 64 Bit (select the Hardware Virtual Machine or HVM version).

Step 2: Choose Instance Type

A m3.2xlarge instance seems to work well, and at present has a cost of $0.56 per hour (which may change).

Note: I have run it on a m3.large instance and the reduced number of cpus and ram. It is possible, and is cheaper, but is not as effective as the larger instance if you need to run any of the complex analytical modules.

Step 3: Configure Instance

No changes from the defaults

Step 4: Add Storage

The M3.2xl has only 8 GB of persistent EBS storage. In recent installs, I’ve been hitting this limit and adding is worth while. Current pricing for General Purpose EBS is About $0.10 per GB per month. In some of my examples, I’ve increased the storage to 16GB.

Step 5: Tag Instance

Give the machine a Name by entering a name in the value to the right of the Name box.

Step 6: Configure Security Group

Select the security profile set up in the previous step.

Choose the Select an existing security group. Then pick the group that you created earlier.

Step 7: Review Instance Launch

You will get two warnings.

The first is that your instance is not eligible for the Free Tier of usage (i.e. it will cost money to run)

The second is that your instance is open to the world. Anyone will be able to connect to your instance if they have a user name and password using the web. In general we want this, but if you plan to use it internally, work with your IT staff to refine the security group settings to limit access to your office.

Initialize the instance.








Installation

What follows are the instructions for installing the software components of UrbanFootprint. It does not yet include loading data into it to create a fully operational installation


Step 1: Log in

Log in to your server using a SSH terminal connection. Make sure that you have “sudo” (administrative) permissions.

Using PuTTY:

Open putty, copy the Public IP address from the Instance into the “Host Name (or IP address)” box. Leave port 22 as is.

Under Saved sessions, Type in a name for the connection profile you’re creating, and click Save.

On the left side, expand the “Connection” section, and then the “SSH”.

Under “Auth”, browse for and find the Private Key file that you created above.

Then go back up to the “Session” click on the name that you selected before, and click “Save” again to save the location of the key.

Now, click “Open” and accept the “Server Host key not cached...” message by clicking Yes or accept.

Each time you start the instance, you will need to update the IP address, and accept the “Server Host Key” message.

When asked for a username on the AWS virtual machine, use: ubuntu




Step 2: Install git

The first significant installation step is to make sure that you have the “git” installed. Git will be used to connect to the the source of all of the code for operating UrbanFootprint and the instructions for its configuration.

sudo apt-get install git





You will be asked to approve the installation. Enter Y+return to do so.




Step 3: Clone the repository

This will create a local copy of the source code (aka, cloning the repository) and instructions used by the computer to install it on your local computer. The branch Release-1.3 is a stable version that will remain static with the exception of bugfixes.

git clone -b Release-1.3 https://bitbucket.org/calthorpe/urbanfootprint.git





You will be asked for your bitbucket account name and password

Downloading the materials might take a few minutes.

If you type:

ls





You will now see an additional item listed in the “home” folder of the account you’re logged in with called “urbanfootprint.” It will probably be blue text (in PuTTY) indicating that it is actually a folder.




Step 4: Run the installation script

This step will run the installation of UrbanFootprint. It will take ~1hour to run, but will need some input from you near the beginning.

cd urbanfootprint





*A shortcut: you can type in “cd urb” and then hit TAB to autocomplete. Doing this you only need to type in enough characters to unambiguously identify the folder/file that you want. i.e. if the folder is empty, you could type “cd u” then TAB.

This will change your directory to the urbanfootprint directory created by cloning the repository.

sudo ./setup.sh





This will start the script.

The script first runs an update on the system’s software and will ask you to approve several installations and modifications. For each of these type Y+return.

If you are asked about a GRUB update, choose the default option to keep the existing configuration by just pressing Enter.

You will then be asked to create a name for your server. Enter a logical name for it. For example: uf_ice

You will need to then enter your bitbucket account name and password. What happens here is that your server is registering itself with the bitbucket account using a SSH key. This will enable it to complete the rest of the software installation without needing further use of the user name and password.

When prompted for a client, enter “sacog” to set up to use the demonstration data prepared for this set of instructions.

If the installation pauses on:

git rev-list HEAD --max-count=1 --pretty --oneline





Press “q” to continue.

You will know it’s done when the text stops scrolling by and you see something that looks like:

ubuntu@ip-172-31-36-172:~/urbanfootprint$





At this point you can go get coffee, it will probably take about an hour to complete (on an EC2 m3.2xlarge instance, other systems may vary significantly).




Step 5: Configuration

After the installation completes, you will need to do some initial configuration of the installation.


Set the user and virtual environment

Do the following steps:
To log in as the “calthorpe” user under which most of the server is setup. You’ll need to enter the calthorpe password.

su calthorpe





You’ll be able to tell that this worked if you see your command line looking something like:

calthorpe@....$





Activate the Python virtual environment that UrbanFootprint will run in.

source /srv/calthorpe_env/bin/activate





You’ll be able to tell that this worked because the command line you’re working at will start with “(calthorpe_env).”

To move to the folder holding the configuration settings.

cd /srv/calthorpe/urbanfootprint/footprint





To make a copy of the default settings file for customization

cp local_settings.py.default local_settings.py.mycopy





To create a link between the configuration settings copy we made and the file name expected by UrbanFootprint.

ln -sf local_settings.py.mycopy local_settings.py










Step 6: Add yourself as an administrator

We need to edit the settings.py file to add you as an administrator.

nano settings.py





Then use the arrow keys to scroll to the ADMINS section. Insert the following after the last line in the list (and remove the others if desired).

ADMINS = (
  ('Your Name', 'you@example.com'),
)





use the arrow keys to update your name and email leaving the quotes.

Exit by using Ctrl+x, and then typing Y when asked to save the file.

Your user name is your name, and default password is <firstname>@uf




Step 7: Check the services

Run:

sudo supervisorctl status





You should then see the following:

ubuntu@ip-172-31-2-7:~$ sudo supervisorctl status
calthorpe_www                    RUNNING    pid 7336, uptime 0:30:17
celery_flower                    RUNNING    pid 7340, uptime 0:30:17
celery_worker                    RUNNING    pid 7339, uptime 0:30:17
celerybeat                       RUNNING    pid 7342, uptime 0:30:17
node_socketio                    RUNNING    pid 7341, uptime 0:30:17
tilestache                       FATAL      Exited too quickly (process log may have details)





Tilestache will be unable to run until we give it some mapping data to work with.

This concludes the primary installation of UrbanFootprint.




Step 8: Transfer base data to server

For simplicity let’s put the data that we’ll load into urbanfootprint in either home folders for either the “Calthorpe” user or the “Ubuntu” user. If you’re already logged in as Calthorpe, I suggest option 2 as the most direct route to get the sample data onto the machine. Option 1 will put the data into the Ubuntu home folder most easily.

Option 1:

Use FileZilla (or similar SFTP capable FTP Client) to get your data onto the server.

Establish a connection profile, and specify the use of the username (ubuntu for an EC2 instance) and make sure that your pageant install is loading the correct ssh key.

Transfer the <filename>.dump file to the server

Option 2

Switch to the calthorpe home folder:

cd ~





Then use the “curl” tool to download the database dump file.

curl -O http://downloads.ice.ucdavis.edu/~neroth/uf/yolo_stage.dump








Step 9: Create a staging database

Switch your user name to the calthorpe user and activate the virtual environment that UrbanFootprint runs in. You will need to do activate the virtual environment any time you’re making changes to UrbanFootprint’s configuration from the command line.

if you don’t see the start of the command prompt looking like:

calthorpe@....$





Switch to the calthorpe user.

su calthorpe





And enter the calthorpe password: <Password>

Activate the virtual environment

cd /srv/calthorpe/urbanfootprint/
source /srv/calthorpe_env/bin/activate





After activating the virtual environment your command prompt should look like:

(calthorpe_env)calthorpe@...$





Create a staging database

createdb stage_db





If you get an error stating that the database “calthorpe” does not exist, create the calthorpe database for convenience.

createdb calthorpe





Then:

createdb stage_db





Add the postgis extension to stage_db

psql -d stage_db -c "CREATE EXTENSION postgis;"





Then import the database dump to the staging database.

pg_restore -d stage_db /home/calthorpe/yolo_stage.dump





This is assuming the data you’re loading is in a file called “yolo_stage_db.dump” and that it is in the home directory of the calthorpe user. Adjust the path to the dump file as needed.




Step 10. Prepare for data import

First, a work around that is needed on Amazon instances to work within the security system.

Note: If you’re doing a non-amazon installation then you’ll want to substitute “local_prod” in place of “amazon_local” and can skip past the next few lines to “configuring the connection to the staging database”.

Copy the PEM file that you’re using to connect to the server to the /home/calthorpe/.ssh

First upload it the same way you did the data dump file to /home/ubuntu/

Then do the following which will move the pem file to the calthorpe user folders and set permissions so that it can be used as a ssh key.

cd /home/calthorpe/.ssh
sudo mv /home/ubuntu/<name>.pem <name>.pem
sudo chmod 600 <name>.pem
sudo chown calthorpe:calthorpe <name>.pem





Update the fabric host files so that they recognize that key/pem file

cd /srv/calthorpe/urbanfootprint/fabfile/hosts
nano __init__.py





In the def amazon_local(): section, update the path at:

env.key_filename = '/home/calthorpe/.ssh/pemfile.pem'





To point to the pem file you just copied into place.

Then save the changes with Ctrl+X and Y to save the changes.

Next we need to make sure that the file is not over written the next time we pull an update of the code (which will happen shortly).

git commit -a -m "adjusted local settings"





This records our changes into the local copy of the git repository so that they are not over written.


Connecting to the staging database

Last, we need to tell UrbanFootprint how it is going to connect to the staging database.

This tutorial is built around the SACOG data model so we’ll use that now.

cd /srv/calthorpe/urbanfootprint/footprint/client/configuration/sacog
nano sacog_init.py





Look for a section that like: (approximatley line 45, use Ctrl+C to show the line number where the cursor is at present).

def import_database(self):
  if settings.USE_LOCAL_SAMPLE_DATA_SETS:
    ...
  else:
    return dict(
      host = 'localhost',
      database = 'stage_db',
      user = 'calthorpe',
      password = '<Password>'
    )





Edit the host = and database = to point to ‘localhost’, and the name of your staging database respectively (so they may look like the example above)

And then commit our changes to git.

git commit -a -m "adjusted staging database settings"










Step 11. Build UrbanFootprint

Some of these steps may take a long time to complete

Switch back to the main urbanfootprint folder.

cd /srv/calthorpe/urbanfootprint





Specify the client name and settings (takes about 2min.)

fab amazon_local client:sacog





Note: Tilestache will show an error message if the spatial data has not been loaded previously.

Import the staging database settings (takes about 2min.)

fab amazon_local local_settings:stage





Note: Tilestache will show an error message if the spatial data has not been loaded previously.

Do a code update. This is an abbreviated version of the installation that we did earlier. (takes about 2 min.)

This is also how you would update the code you’re using to a newer version, so be cautious. If you’re not looking to fix a problem you’re having, or in need of a new feature, you probably don’t wan to run this.

fab amazon_local deploy





If an error is generated that looks like:

HTTPError: HTTP Error 404: Not Found
ERROR:boto:Unable to read instance data, giving up
No handler was ready to authenticate. 1 hand





It is safe to ignore.

Do the data import and system setup. (takes 30min+)

fab amazon_local build:prod





You will be asked twice if you want to continue because if you have an existing UrbanFootprint database of the same name it will be completely overwritten by this step.
Approving this process will destroy all existing base data and scenarios for this geographic area on this virtual machine.

if when running the build process you get an error about being unable to delete/drop the urbanfootprint database, run:

dropdb urbanfootprint





And then rerun the build command.

Check that the Postgresql setup is configured to respond to requests from Tilestache

sudo nano /etc/postgresql/9.3/main/pg_hba.conf





Scroll down to the bottom, and look to see if the line

local   all             tilestache                              trust





Is above or below:

local   all             all                                     peer





If the tilestache line is not above the other (or if it is not present), edit the file so that it looks like:

# TYPE  DATABASE        USER            ADDRESS                 METHOD
# "local" is for Unix domain socket connections only
local   all             tilestache                              trust
local   all             all                                     peer
# IPv4 local connections:
host    all             all             127.0.0.1/32            md5
# IPv6 local connections:
host    all             all             ::1/128                 md5
# Allow replication connections from localhost, by a user with the
# replication privilege.
#local   replication     postgres                                peer
#host    replication     postgres        127.0.0.1/32            md5
#host    replication     postgres        ::1/128                 md5





Then save the file and exit. Restart postgresql

sudo service postgresql restart





And restart all of the UrbanFootprint services.

sudo supervisorctl restart all








Step 12. Log In

Copy the IP address from your Amazon EC2 control console and paste it into the address window of a web browser (Chrome seems to be the preferred one).

Your log in will be the first name that was entered in the administrator box, and the password will be that “<firstname>@uf”






Other Useful Items


Dumping a Database

To dump a database:

pg_dump -Fc [database] > [dumpfile]





example:

pg_dump -Fc stage_db > yolo_stage.dump








Checking Service Status

type:

sudo supervisorctl status





You can replace “status” with “restart” to restart the primary services.




Log Files

Log files for most of UrbanFootprint are in:

/var/log/supervisor/





You’ll need to use sudo to access them.

sudo nano /var/log/supervisor/celery.log








Connect to the Postgres Database Using PGAdmin

This requires extreme caution When connecting directly to the database you could corrupt it badly.

When you’re setting up your PuTTY connection to the server, you can set up a tunnel by:
1. Select “Connection” in the left panel
2. Select SSH
3. Select Tunnels
4. Source Port: Enter a port number (5432 is the standard for a local postgres install, I suggest picking 5433 or another one that you have not used already)
5. Destination: localhost:5432

Remember to go back to Session and save your tunnel configuration to your saved session

Connect to your UF machine using that saved session.

Open PGAdmin.
Create a new server connection.
* Name: <pick a descriptive name>
* Host: localhost
* Port: the source port that you entered above
* Username: calthorpe
* Password: <Password>




Remove All Scenarios

With the calthorpe_env active and when logged in as the calthorpe user:

./manage.py footprint_init --skip --delete_clones








Create an Alias for UF

Add the following as the last line of /home/calthorpe/.bashrc using nano

alias uf="cd /srv/calthorpe/urbanfootprint && source /srv/calthorpe_env/bin/activate"





Then you’ll either need to log out and log back in, or run:

. .bashrc








Layer Config

To modify default layer settings

./manage.py shell
from footprint.main.models import Layer
layers = Layer.objects.filter(db_entity_key__icontains="existing_land")
for layer in layers:
layer.visible = True
layer.save()
[press enter to end the for loop]













          

      

      

    

  

    
      
          
            
  
Scenario Editing


Goals


	To provide you with an understanding of how UrbanFootprint defines and manages place types and land use

	To enable you to assist in defining a scenario’s targets.

	To give you the technical skills to edit a scenario





	Through “painting” place types

	Using the query editor









Map Structure

[image: _images/MapStructure1.svg]UrbanFootprint builds a scenario by adding the “change” or “increment” that you’ve painted on top of a base conditions dataset. The combination of the two produces what is known as the “End state.” The “End State” represents what will be on the ground in the future (at what ever time you’re targeting).

[image: _images/MapStructure2.svg]It is important to note that this isn’t just a simple addition or replacement of the base condition with the change map. UrbanFootprint implements rules that play several roles to control how overlaps are handled.

Infill/Redevelopment: As you add changes you are also defining for those changes whether any overlaps with the base condition should be treated as Infill where much of the existing land use is left in place, and additional development is added to fill in any available capacity. Alternately the existing condition can be cleared from the parcel to represent a full reconstruction of the location.

Development Constraints: Layers can be added to the scenario that constrain development in locations that overlap. More on these later.




How Place Types Work


Buildings

[image: _images/Buildings.svg]We know specific details about the buildings


	Square footage

	Stories

	Parking

	Site Layout

	Energy Use

	Water Use

	Rents

	Construction Costs



In many cases we can point to a “real” building.

[image: _images/Buildings.png]

Discussion


	A “Building” represents a real world building that does, or could exist in the real world. It includes a significant amount of detail about the building.

	All of this detail remains attached to the building as it becomes a contributor to the building type and the place type. This allows us to step backwards from a place or building type to get at these details when we need to.








Building Types

[image: _images/BuildingType.svg]We can group similar buildings together to create a “Building Type”

Each building is assigned a percentage that it makes up of the building type.
Examples:


	Mid-rise Office

	Garden Apartment

	Single Family Dwelling

	Big Box Store



[image: _images/BuildingTypes.png]

Discussion


	Building types are groupings of buildings.

	Each building that contributes to a building type is assigned a percentage which represents its contribution to the building type.

	The percentage is percentage of land area occupied by that building as a portion of the building type. i.e. if you had 100 acres of the building type, building A might represent 25 acres if it has a 25% representation.








Place Type

[image: _images/PlaceTypes.svg]A “Place Type” is a mixture of building types.

Each building type is assigned a percentage that represents it’s proportion of the Place Type’s land area.

Through assembling Place Types in this fashion we can aggregate all of the information about the buildings up to the Place Type

[image: _images/PlaceTypes.png]

Discussion


	Similarly to the relationship between buildings and building types, building types are grouped together to create place types.

	Each building type has a percentage that it represents of the Place Type.

	Having built a place type, we know information about all of the buildings in it based on the relationship from place type to building type to buildings.








Agricultural Types

[image: _images/CropType.png]

	A parallel structure has been developed to handle the Rural Urban Connections Strategy (RUCS) types developed by SACOG

	Crop, Crop Type, and Landscape Type

	These are used for Agricultural analysis




Discussion

The RUCS types of Crop, Crop Type, and Landscape type are a parallel structure to the building, building type, and place type structure. It’s just intended to represent the agricultural, and in the future other open space values for analytical purposes.






Recommended Practices


	Prepare your building types and place types prior to beginning scenario editing.

	There are several example type sets in use to use as a starting point

	Then avoid changing them unless it becomes clear that there is an unmet need or error within a type.




Discussion

Changing place types mid-process can create confusion and require that you revisit previously completed work. This could be time consuming and may lead to unintended results in your scenario.








Scenario Definition


What are the Scenario’s Goals?

When viewed regionally, what should the scenario include?


	How much population growth?

	What changes in demographics?

	What kinds of housing will accommodate them?

	How many new jobs? And what kind of job are they?

	Where will housing and job development be prioritized?

	What areas will be protected?




Discussion


	Outreach and stakeholder involvement could be highly beneficial depending on your work plan

	Many features of the scenario should be outlined at this point:





	Population change

	Employment growth

	Urban Form goals (i.e. will it involve TODs, and where, what densities, walkablity?)







	This is a critical step. Defining the scenarios’ goals and properties sets the rest of the planning process up.





	Growth centers

	Housing types and densities

	Land and resource protection goals

	Transportation system goals











Translating the Goals into Targets

Translating the Goals into quantitative Targets:


	Population

	Jobs/Housing

	Housing Types/Mixes

	Jobs Types/Mixes

	Infill

	Redevelopment




Discussion

Define your scenario’s goals in numeric terms.
Translate the higher level goals into numeric targets that you can meet though editing the scenario’s land use.






Existing Conditions

What are the conditions on the ground now? We will need work from a detailed map of what is the reality on the ground based on:


	A Survey of Existing Conditions

	Housing Stock

	Employment Space

	Vacant Space

	Redevelopment Potential

	Transportation Infrastructure

	Other Infrastructure




Discussion

The existing condition matters. You will be determining what changes to apply on top of the existing conditions and how those changes will effect the existing built form.

You will get to choose whether you are adding new development while leaving the existing structures in place, or will be redeveloping the parcels through tearing down the buildings and replacing them with all new ones.






How Will the Area Change?


	Priority Locations:

	
	For Development





	City or Community Centers

	Transit Corridors







	For Protection





	Agriculture

	Recreation

	Public Safety

	Open Space

	Species

	Ecosystem Services











Discussion

How will you choose where to locate the changes?

Will you be focusing on infill?

How much greenfield development will be permitted?

What are the priorities for protection?








Connecting to UrbanFootprint

Image here (log on screen)


	Open a web browser

	Type in the URL or click on a provided link





	This may either be a domain name




	http://Urbanfootprint.ucdavis.edu/demosite (not an active link)




	Or an IP address




	http://127.0.0.1 (not active link)







	Enter user name and password (for demo sites)





	Username: test

	Password: test@uf









Tour of UrbanFootprint

A basic tour of UrbanFootprint


Overview

[image: _images/BaseCondition.png]

Scenario Switching and Charting

[image: _images/ButtonLocation_Explore.svg]


Scenario Management

[image: _images/ButtonLocation_ScenarioManager.svg]


Layer Management

[image: _images/ButtonLocation_LayerManagement.svg]


Zoom, Pan, and Select

You’ll find the Zoom, Pan, and selection tools, as well as access to the table view and place type editor on a toolbar at the top edge of the map.

[image: _images/ButtonLocation_ZoomPanSelect.svg]Click on this button to zoom to the full extent of the map.

[image: _images/Button_ZoomExtent.svg]Click on this button to zoom to your currently selected features.

[image: _images/Button_ZoomSelection.svg]Click on this button to clear the current selection.

[image: _images/Button_ClearSelection.svg]Click on this button to access the navigation tools so you can zoom and pan without accidentally selecting features.

[image: _images/Button_Navigation.svg]Click on this button to select a single feature by clicking on a single point on the map.

[image: _images/Button_SelectPoint.svg]Click on this button to use a rectangular box to select features on the map. Click and hold the button to draw the rectangle and release the left mouse button to make the selection.

[image: _images/Button_SelectBox.svg]Click on this button to select features using a polygon. Click the left mouse button on the screen to draw a polygon for use in the selection. Each click creates a corner of your polygon. Double click to finish your drawing and make the selection.

[image: _images/Button_SelectPolygon.svg]This button opens a view of the attribute table for the active layer. If there are selected features it shows only the selected features. This replicates much of the functionality of the table view in the top panel.

[image: _images/Button_TableView.svg]Click this button to open the place type editor.

[image: _images/Button_PlaceTypeEditor.svg]


Place Type Editor

[image: _images/ButtonLocation_PlaceTypeEditor.svg]


Scenario Builder

[image: _images/ButtonLocation_Editor.svg]


Analysis Modules

[image: _images/ButtonLocation_Analysis.svg]






Scenario Management


	Selecting a Geographic Area

	Selecting a scenario

	Create a scenario

	Delete a scenario

	Edit scenario details

	Review current scenario populations and employment



[image: _images/ManageScenarios.png]

	Create a New Scenario





	Click on the New Scenario button






Note: When starting a new area, it is a good idea to create a copy of the Scenario A that is automatically created to use as the starting point for any other new scenarios. Basically, the first thing that you do is make a copy of Scenario A to a “New Scenario Template” and any time you want to make another scenario you do so by making a copy of the template.


	Copy a Scenario





	Click on the green icon next to a scenario name.







	Delete a Scenario





	Click on the red icon next to the scenario







	Edit Scenario Details





	Double click and edit text

	Click Save









Charts

Access the charts by clicking on the “explore” button to slide the top panel open.

[image: _images/Charts.png]
Charts:


	Provide immediate feedback on the Scenario

	By Increment and End State

	Population, Dwelling Unit, and Employment Totals

	Dwelling Units by Type

	Employment by Type






Layer Management

[image: _images/ScenarioA_LayerOrder.png]

	Import Layer

	Layer ordering

	No Symbology Editing

	Export Layers to File Geodatabase




Basic Layer Management


	Turning layers on and off





	Click on the check box to the left of the layer name







	Active layer





	Make a layer active by clicking on it

	The active layer is highlighted in blue






A pen icon at the right end of a layer name indicates that the layer is editable.




Layer Ordering


	Open by clicking on the sideways arrow (highlighted in picture)

	Broken into two categories:





	Background

	Foreground







	Drag the layers into the order you want (within the background/foreground groups)






Advanced Layer Management

[image: _images/ButtonLocation_AdvancedLayerManagement.svg]Then select the Manage Layers option to open the advanced layer management options including adding layers and defining their roles.

Alternatively, you can select “Export Active Layer - to gdb” if you would like to download the active layer for use in ESRI’s GIS software.

[image: _images/AddLayer.png]
Access the Manage Layers Window by clicking on the down arrow in the layer manager

The same arrow will also give you the option to export the active layer to an ESRI file geodatabase for downloading.

Note:
You can also export layers to an ESRI File Geodatabase for use in ArcGIS.




Managing Layers


	Every scenario has a primary layer that provides the spatial structure for the scenario.

	That will frequently be a parcel layer

	This primary or parcel layer is the minimum spatial unit that UrbanFootprint uses.

	Other values are aggregated up from that minimum unit.






Layer Scope, Behavior, and Tags


	Scope: Does this layer apply to just this scenario or to the entire geographic area

	Assigned Behavior: Named roles that the layer can play in UrbanFootprint. At present all roles except “Environmental Constraint” are placeholders for future functionality.

	Tags: Are not fully implemented but will allow for searching for data types within UrbanFootprint






Environmental Constraints


	Reduce the developable space in parcels that they have a relationship with.

	Each layer has a priority and a percentage

	The priority determines which layer takes precedence.

	The percentage determines how much the developable space is reduced.






Polygon Relationships

Every layer other than a background layer has a relationship to the primary layer
These relationships can be geographic or attribute table (primary id)
Geographic: (primary to layer)
Polygon to Polygon (many to many)
Centroid to Polygon (one to many)
Polygon to Centroid (many to one)
Attribute Table: One to one


Polygon Relationships Example

Basic polygons: This is the starting point. We have the grid of blue polygons (possibly representing parcels). We’ll call this one our primary layer for the example. We also have another polygon (the orange circle) that overlaps a portion of the area. This circle might represent an environmental constraint, but we’ll call it the polygon 2 for simplicity.

As used here a “relationship” between a polygon in the primary layer and a polygon in another layer means that the other layer can be used to influence what can be done with the polygon in the primary layer.

For example, an environmental constraint impacts the developablity of all of the polygons in the primary layer that it has a relationship with.

[image: _images/PolyRelationships1.svg]Polygon to Polygon:

In a polygon to polygon relationship polygon 2 has a relationship with every polygon in the primary layer that it touches. Represented in the graphic by the salmon color.

[image: _images/PolyToPolyRelationship.svg]Centroid to Polygon:

In a centroid to polygon relationship, the polygon in the primary layer that contains the centroid (polygon 2’s geographic center) of polygon 2 has a relationship with polygon 2. The salmon colored polygon in the graphic demonstrates how the center of circle (polygon 2) falls in only the single polygon in the primary layer.

[image: _images/CentroidToPolyRelationship.svg]Polygon to Centroid

In a polygon to centroid relationship, all of the polygons from the primary layer who’s centroids fall inside of polygon 2 have a relationship with polygon 2. Note that in the image below, it captures all but the four corner blue polygons.

[image: _images/PolyToCentroidRelationship.svg]




Import Layer

[image: _images/AddLayer.png]

	Click on “Add New Layer”

	Choose a zipped shapefile

	Set Spatial Reference (SRID): (The EPSG code specifies the projection used by the dataset.





	SRID Lookup: http://spatialreference.org/

	California Albers: 3310

	Web Mercator (WGS84): 3857







	Set the Behavior

	Set Intersection Type

	Specify the Source ID Column

	Save Changes






Query Based Selection

Query based selection is a slightly more advanced operation that requires basic familiarity with SQL and a little understanding of the database.

The operation selects features in the Active Layer based on a query that you provide.

Query interface:

[image: _images/QuerySelect1.png]
First Example:

Assume that you’ve selected a set of polygons as in the image above. But, you want to refine your selection to include only the polygons that have ‘land_use’ = ‘Blank Place Type’

Open the upper panel by clicking on the “Explore” button, and then select the second tab from the very top on the far left (the table icon) to view the table. At this point you should see something similar to the image above if you’ve selected some parcels from the Existing Land Use Parcels Layer.

Then, in the where box enter “existing_land_use_parcels.land_use = ‘Blank Place Type’” as shown in the picture below making sure that the “Limit Results to Selected Area” box is checked so that the selection will be made from within your existing selection. Note: the arrow right next to the where box will help you look up the names of the available fields and insert them into the box.

[image: _images/QuerySelect2.png]
Then, click the green “Query” button. You should get a result that looks like the image below.

[image: _images/QuerySelect3.png]
This selection process is the first step of many actions you may take. One of the most common will be selecting parcels in the “End State Canvas” of a scenario and then applying a place or building type to them.

Note that fields are named with the following structure “tablename”.”fieldname”. If your query only uses data from a single table, the “tablename” and the following ”.” can be ommitted safely. If you are using a join (discussed below), you will need to include the table name.

The following comparison/equality operators are supported:



	Greater than: >

	Less than: <

	Greater than or equal to: >=

	Less than or equal to: <=

	Equals: =

	Not equal: !=






When querying strings, the following can be used for querying: (must be capitalized)



	BEGINS_WITH : String begins with a certain letter or group of letters

	ENDS_WITH : String ends with a certain letter or group of letters

	CONTAINS: String contains a certain letter or group of letters






For example:

land_use BEGINS_WITH 'Blank'





Queries can use multiple attributes: (must be capitalized)



	AND: SQL ‘and’ syntax, attributes must meet both query requirements

	OR: SQL ‘or’ syntax, attributes must meet either query requirements






For example the following query could be run on the Scenario End State.

acres_parcel >= 5 AND acres_developable > 2





Produces a result that looks a lot like the following image. Note that the selection was made from within an existing selection (see the grey box which shows the area previously selected).

[image: _images/QuerySelect6.png]



Query Options

Results Limited to Selected Area: If you have already selected a set of polygons this option will be available to you. If it is selected, any selection will be made from the already selected polygons.

Show Selection Shape on Map: This will display the shape drawn by the user to perform the selection on top of the highlighed selected parcels.

Clear: This removes any existing selection.

Query: Execute the query you’ve created.




Aggregation

Another alternative is performing an “Aggregate Query” on them to get totals.

To do this click on the button on the far left right below the table button on the top panel to switch to the Feature Summary or Aggregate view.

Then, you can perform summaries of the selected featurs such as calculating the total population or acres, or average acres or count of feature. This supports the use of “Group By” so that, for example, you can get the total number of housing units by land use type.

Here’s an example that continues from our previous point. Enter

SUM(existing_land_use_parcels.acres)





in the “Aggregates” box and leave Group By empty. Like before, the downward pointing arrow will give you a list of available fields and insert them.


[image: _images/QueryAggregate1.png]



That tells us that our selected parcels have a total area of 9.51 acres.


[image: _images/QueryAggregate2.png]



The following aggregate functions are supported:

SUM(field)
COUNT(field)
AVG(field)
MAX(field)
MIN(field)





It is possible to calculate aggregations on more than one field at the same time. Separate each of the aggregate statemens with a comma.

SUM(field1), SUM(field2), AVG(field1), COUNT(field1)





The example below used the following aggregate query on the selected parcels.

SUM(scenario_end_state.pop), SUM(scenario_end_state.hh), SUM(scenario_end_state.acres_parcel_res)





Which could also be written as:

SUM(pop), SUM(hh), SUM(acres_parcel_res)





And produces an output that looks like:

[image: _images/QueryAggregate3.png]



Queries with Table Joins

It is also possible to use joins. For example if we’re looking at a scenario and are viewing the table with nothing selected, we can use a join to bring in informaton from other linked tables (based on the relationships discussed above in layer management).

In this case, I’m going to join in the “wetlands” layer and do my selection based on: “wetlands.wetland_code = ‘1’”


	Make the Senario End State layer active

	Open the top panel (Explore), and switch to the table view

	Under join, select wetlands

	In Where box paste in wetlands.wetland_code = ‘1’

	Click Query



Note: When using a join, you will need to use the “table”.”field” structure for identifying fields to ensure that there is no confusion because the same field name could occur in multiple tables.

Here’s what it’ll look like when you’ve set up the query and have just clicked the Query button.


[image: _images/QuerySelect4.png]



And here it is just after completing the selection. Not that all of the polygons in the Endstate Layer that intersect the wetlands layer have been selected.


[image: _images/QuerySelect5.png]








Scenario Editing


Selecting Polygons to Edit

Hand Selection (Painting)
Manual editing by selecting parcels using one of the selection tools.


	Point (image)

	Line (image)

	Polygon (image)



Select the tool


	Box (drag and hold)

	Polygon (click to draw the shape, double click to finish)



Draw the area you want to include in your selection

Any parcel that touches the shape will be selected

Query Based


	Select parcels based on a query

	Useful for large area edits or applying changes to a large number of parcels that satisfy a conditon.



Work Flow:


	Build your query

	Apply the query

	Apply the Place Type






Developable Space


[image: _images/Developable2.png]




	How much space in each parcel is actually developable?

	Based on existing construction and environmental constraints.

	Displayed as quantiles. Green will accept the most development, red the least






Scenario Builder

[image: _images/ScenarioBuilder_PlaceTypeList.png]
The scenario builder is where you specify the details about the place type that you’re about to apply to a set of selected polygons. While you’re not changing the fundamentals of the place type (to do that use the Place Type editing tools), you can specify the percentage of the available land that will have the place type applied to it, scale the density of the place type down, and let UrbanFootprint know whether to overwrite any existing place types (full redevelopment) or to use any available vacant space in the polygon for the place type.

You can select the set of place types you’re working with by clicking on the button highlighted in red in the image to the left.


	Development Pct.

	Density Pct.

	Gross/Net Pct.

	Clear Base Condition

	Redevelopment Flag

	Apply

	Revert




Development Percent and Density Percent

[image: _images/DevPct_DensPct.svg]Development and density percentage controls

[image: _images/ScenarioBuilder_DevP_DensP.svg]Development Pct.:


The percentage of the parcel land area to receive the place type.
50% means that 50% of the available land area will have the place type applied to it. In the graphic half of the parcel has development an the other half does not after applying the place type.


Density Pct.:


The percentage of the place type densities to apply.
80% means that a place type with an average density of 10 du/acre will be applied having 8 du/acre. Note in the graphic the reduced intensity of the right parcel when compared to the left one.





Gross/Net Percentage

[image: _images/GrossNetPct.svg]Gross/Net Percentage Control

[image: _images/ScenarioBuilder_GrossNet.svg]
	Allows assignment of a portion of the space to “No Use”

	This is used to reserve space for other uses such as drainage, parks, or other infrastructure.

	This is applied to the developable percentage.

	For Example: If Dev. Pct is 90% and Gross Net is 90% then 9% of the parcel would be set aside as “No Use.”





	Assume that we’ve got a 100 acre parcel

	Developable space = (100 acres)*90% = 90 acres

	No Use space percentage = 100%-90% = 10%

	No Use space = (90 acres) * 10% = 9 acres









Clear Base Condition and Redevelopment Flag

[image: _images/ScenarioBuilder_Redev.svg]Clear Base Condition


If selected this removes any prior place type from the parcel.
If this is not selected, new place types are applied only to the portion of the parcel’s areas set in the Development Percent box.


Example:

[image: _images/RedevMode.svg]Redevelopment Flag


Manually flag a parcel as having been redeveloped. This control is specific to the version of UrbanFootprint with customizations for SACOG.





Applying Land Use

[image: _images/ScenarioBuilder_BeforeApply.png]
Applying a land use involves combining the last few points that were presented.


	Activate the End State layer

	Select the Parcels

	Select the Place Type using the Scenario Builder

	Adjust Settings for the Place Type





	Dev, Density, Gross/net: Specify the intensity with which the Place Type will be applied.

	Clear Base Condition: Do you want to clear the existing land (redevelopment) or not (infill).

	Redevelopment Flag: track where redevelopment was applied







	Apply Place Type



While setting the densities, keep an eye on the handy pop-up at the bottom of the screen that tells you how many dwelling units and employees your settings will create.

[image: _images/ScenarioBuilder_BottomRibbon.png]
The final result:

[image: _images/ScenarioBuilder_AfterApply.png]







Analysis


	Some of these tools may take a long time to run.

	They aren’t intended to be run after every change.

	Run at “break points” when you are looking for an update on what the effects of your edits have been on the scenario’s performance






Exercise

Create your own scenario

What will your priorities be? How much population will you add? How many new jobs? What kinds of each? And where will you put them?


	Yolo County:



Add 60k residents.

Specify how you’re going to house them, and where and how they’re going to work.

Yolo county currently has just over 200,000 residents, 75,500 dwelling units, 90,000 jobs.







          

      

      

    

  

    
      
          
            
  
Data Preparation


Goals


	Provide an overview of data needed by UrbanFootprint

	Describe the required fields for base data

	Walk through the steps used for SACOG’s base data preparation.

	Work through an example of preparing data for a county.






Data Needs

UrbanFootprint is a data intensive application. The effort that goes into data collection, preparation, and review should not be underestimated.

The base data which is also called the base canvas, or existing conditions dataset will require extensive data collection, processing, and then review prior to its use. The requirements imposed by UrbanFootprint on its base conditions data include strict adherence to the data schema, and the need for a detailed understanding of the existing conditions at a parcel level. If you are working in a geographic area that has not had a prior installation of UrbanFootprint, it is unlikely that there will be a dataset that you can use without substantial effort in createing a base condition dataset.

Scenario development has looser data requirements, but will require that you have an understanding of regional and local plans for the future, and have planned out goals for the scenario that can be translated onto a map at a parcel scale.

Environmental constraint layers influence the intensity of development that is possible in locations where these constraints are present.

Reference layers provide a visual reference to UrbanFootprint users while editing or visualizing scenarios.

The transportation module (and any other modules that build on its results) will require that you have substantial additional data derived from both regional transportation infrastructure GIS as well as a travel demand model.

Some of the other analytical modules also require climate data to run.




Data Types and Sources


Data for the Base Canvas


Base Canvas






	Data Type
	Potential Source
	Notes




	Cadastral/tax parcel geograpies
	Tax Assessor, Local Jurisdiction, Regional COG/MPO
	 


	Existing land use (parcel land use codes)
	Tax Assessor, Local Jurisdiction, Regional COG/MPO
	 


	Existing employment (2 or 4 digit NAICS codes)
	Census LEHD, State or Regional COG/MPO
	 


	Dwelling Units by type (parcel scale)
	Tax Assessor, Local Jurisdiction, Regional COG/MPO
	Parcel scale dwelling unit counts are acceptable, ideally data is provided as Single Family/MultiFamily counts


	Population/households
	Census ACS 5-Year /Other (population synthesizer etc.)
	 


	Populating Age Characteristics/Educational Attainment/Household Income ranges/Race-Ethnicity/Vehicle Ownership
	Census ACS 5-Year /Other (population synthesizer etc.)
	 


	Parcel level Building Square Footage Data (even limited sample)
	Tax Assessor, Local Jurisdiction, Regional COG/MPO
	Used to calibrate building square footage estimates


	Any aggreggate geography to be used as the unit of analysis (other than parcel)
	Regional COG/MPO
	 








Data for Scenario Development


Scenario Development






	Data Type
	Potential Source
	Notes




	Priority Development Areas
	Regional COG/MPO or Local Jurisdiction
	 


	Redevelopment Analysis Geographies
	Regional COG/MPO or Local Jurisdiction
	 


	Planned Development (in the pipeline) locations and attributes
	Regional COG/MPO or Local Jurisdiction
	 


	Transit Priority Zones
	Regional COG/MPO or Local Jurisdiction
	 


	General Plan Parcels and attributes
	Regional COG/MPO or Local Jurisdiction
	 


	Any existing RTP/SCS scenarios - geographies and attributes
	Regional COG/MPO or Local Jurisdiction
	 


	Any other existing scenarios - geographies and attributes
	Regional COG/MPO or Local Jurisdiction
	 


	Any other geography used to inform policy on distribution of growth
	Regional COG/MPO or Local Jurisdiction
	 








Environmental Constraints


Environmental Constraints/Climate Resilience






	Data Type
	Potential Source
	Notes




	Streams/Rivers
	Regional COG/MPO
	 


	Wetlands
	National Wetlands Inventory
	 


	Vernal Pools
	National Wetlands Inventory
	 


	Priority Conservation Lands
	Regional COG/MPO or Local Jurisdiction
	 


	Slope/Digital Elevation Model (DEM)
	USGS or Regional COG/MPO
	 


	Flood Zones
	FEMA or Regional COG/MPO
	 


	Sea Level Rise Zones
	 
	 


	Parks/Protected lands
	CPAD Holdings
	 








Base Reference Layers


Reference Layers






	Data Type
	Potential Source
	Notes




	County boundary(s)
	Census TIGER
	 


	Jurisdiction Boundaries
	Local Jurisdiction
	 


	Jurisdiction Sphere of Influence Boundaries
	Regional COG/MPO or Local Jurisdiction
	 


	Regional Sub-Area Geographies
	Regional COG/MPO
	 


	School/College/Universities
	Regional COG/MPO, Local Jurisdiction, or Census TIGER
	 


	Health Care Facilities
	Regional COG/MPO, Local Jurisdiction, or Census TIGER
	 


	Public/Institutional parcels
	Tax Assessor, Local Jurisdiction, Regional COG/MPO
	 


	Indian Reservations/Tribal Areas
	Census TIGER or Regional COG/MPO
	 


	Military Areas
	Census TIGER or Regional COG/MPO
	 


	Open Space/Conservation Lands
	Regional COG/MPO or Local Jurisdiction
	 








Transportation Data


Transportation






	Data Type
	Potential Source
	Notes




	Transit stops (fixed guideway and others as available)
	Regional COG/MPO or Transport District
	 


	Skim Matrices for each horzon year/policy scenario
	Regional MPO or Transportation Modeling Consultants
	 


	Transportation network
	Regional COG/MPO or Transport District
	 


	Road Network (Freeways, major roads, secondary roads)
	Regional COG/MPO or Transport District
	 


	Street Intersection Points
	Regional COG/MPO or Transport District
	 


	Railroads: light rail, commuter rail, and selected freight rail
	Regional COG/MPO or Transport District
	 


	TAZ geography (s)
	Regional COG/MPO or Transport District
	 


	Bike network (if available)
	Regional COG/MPO or Transport District
	 


	Sidewalks (if available)
	Regional COG/MPO or Transport District
	 








Analysis Reference Data


Analysis Reference Data






	Data Type
	Potential Source
	Notes




	Climate Zones (for energy modeling)
	 
	 


	Evapotranspiration Zones (for outdoor water modeling)
	 
	 










Base Data Schema: SACOG


	The structure and field names are critical.

	There is a single table

	Which will be uploaded to PostGIS

	For convenience the discussion of fields will be divided into groups





	Metadata and Geography

	Paint Configuration

	Parcel Areas/Types

	Residential/Housing

	Employment

	Building Square footage

	Outdoor Irrigated Area







Metadata and Geography


Metadata and Geography





	Field Name
	Description




	id
	UF unique id


	geography_id
	original geometry id (from SACOG)


	wkb_geometry
	PostGreSQL geometry field (will not be visible in ArcGIS)


	region_lu_code
	SACOG land use code


	built_form_key
	identifier (name of) for building  type or place type key


	created
	date of data creation/import into UF system


	updated
	date of data change or modifiction within UF system








Paint Configuration

These fields are not used in the base features dataset, but are included to maintain an identical structure to the End State data.


Paint Configuration





	Field Name
	Description




	dev_pct
	development percent - proportion of geography receiving building type or place type application


	density_pct
	density percent - proportional intensity of building type or place type application


	gross_net_pct
	gross-to-net percent - proportion of developed acreage that receives building type or place type application


	clear_base_flag
	bullion field to indicate clearance of development program (removal of all base year dwelling units and employees)


	redevelopment_flag
	bullion field to indicate/track redevelopment on geography


	dirty_flag
	used internally by UF during paint application








Parcel Area/Type


Parcel Area/Type





	Field Name
	Description




	intersection_density_sqmi
	density of walkable street intersections in the geography (calculated as a weighted square mile density)


	acres_gross
	gross/total acreage of the geography


	acres_parcel
	gross/total acreage of the parcel(s)


	sqft_parcel
	parcel square footage


	acres_parcel_res
	residential acreage of the parcel


	acres_parcel_res_detsf_sl
	acreage of parcel with single family small lot detached homes (<5500sf)


	acres_parcel_res_detsf_ll
	acreage of parcel with single family large lot detached homes (>5500sf)


	acres_parcel_res_attsf
	acreage of parcel with single family attached homes/townhomes


	acres_parcel_res_mf
	acreage of parcel with multifamily housing


	acres_parcel_emp
	acreage of parcel with employment


	acres_parcel_emp_off
	acreage of parcel with office employment


	acres_parcel_emp_ret
	acreage of parcel with retail employment


	acres_parcel_emp_ind
	acreage of parcel with industrial employment


	acres_parcel_emp_ag
	acreage of parcel with agricultural employment


	acres_parcel_emp_mixed
	acreage of parcel with mixed employment uses


	acres_parcel_emp_military
	acreage of parcel with military employment


	acres_parcel_mixed
	acreage of parcel with mixed use (residential and employment)


	acres_parcel_mixed_w_off
	acreage of mixed use parcels with residential and employment (includes office employment)


	acres_parcel_mixed_no_off
	acreage of mixed use parcels with residential and employment (no office employment


	acres_parcel_no_use
	acreage of parcel with no use








Residential and Housing


Residential and Housing





	Field Name
	Description




	hh
	households


	du
	dwelling units


	du_detsf
	detached single family dwelling units


	du_detsf_sl
	detached single family small lot dwelling units


	du_detsf_ll
	detached single family large lot dwelling units


	du_attsf
	attached single family dwelling units


	du_mf
	multifamily dwelling units


	du_mf2to4
	units in multifamily buildings with 2 to 4 dwelling units


	du_mf5p
	units in multifamily buildings with 5 or more dwelling units








Employment


Employment





	Field Name
	Description




	emp
	number of employees


	emp_ret
	number of retail employees


	emp_retail_services
	number of retail services employees


	emp_restaurant
	number of restaurant employees


	emp_accommodation
	number of accommodation employees


	emp_arts_entertainment
	number of arts and entertainment employees


	emp_other_services
	number of other services employees


	emp_off
	number of office employees


	emp_office_services
	number of office services employees


	emp_public_admin
	number of public administration employees


	emp_education
	number of education employees


	emp_medical_services
	number of medical services employees


	emp_ind
	number of industrial employees


	emp_manufacturing
	number of manufacturing employees


	emp_wholesale
	number of wholesale employees


	emp_transport_warehousing
	number of transportation and warehousing employees


	emp_utilities
	number of utilities employees


	emp_construction
	number of construction employees


	emp_ag
	number of agricultural/extration employees


	emp_agriculture
	number of agricultural employees


	emp_extraction
	number of extraction employees


	emp_military
	number of military employees








Building Square Footage


Building Square Footage





	Field Name
	Description




	bldg_sqft_detsf_sl
	building square footage of detached single family small lot homes


	bldg_sqft_detsf_ll
	building square footage of detached single family large lot homes


	bldg_sqft_attsf
	building square footage of attached single family homes/townhomes


	bldg_sqft_mf
	building square footage of multifamily units


	bldg_sqft_retail_services
	building square footage of retail services


	bldg_sqft_restaurant
	building square footage of restaurants


	bldg_sqft_accommodation
	building square footage of accommodation


	bldg_sqft_arts_entertainment
	building square footage of arts and entertainment


	bldg_sqft_other_services
	building square footage of other services


	bldg_sqft_office_services
	building square footage of office services


	bldg_sqft_public_admin
	building square footage of public administration


	bldg_sqft_education
	building square footage of education


	bldg_sqft_medical_services
	building square footage of medical services


	bldg_sqft_transport_warehousing
	building square footage of transportation and warehousing


	bldg_sqft_wholesale
	building square footage of wholesale








Outdoor Irrigated Area


Outdoor Irrigated Area





	Field Name
	Description




	residential_irrigated_sqft
	residential outdoor irrigated square feet


	commercial_irrigated_sqft
	commercial outdoor irrigated square feet










Base Data Preparation: SACOG


Input Data

[image: _images/GenericPic1.png]

	SACOG parcel data





	SACOG Land Use

	Dwelling Units







	SACOG TAZ

	Census 2010 Blockgroups

	Census 2010 Tracts






Data Preparation: Topology

[image: _images/ExistingConditions_smalll.png]

	Parcels must not overlap

	Clip the dataset to the county border

	Remove roads and waterbodies






Dwelling Units


Residential Land Use Crosswalk





	SACOG Use Code
	Dwelling Unit Type




	SACOG Use Code
	Dwelling Unit Type


	Rural Residential
	Single Family


	Farm Home
	Single Family


	Very Low Density Res.
	Single Family


	Low Density Res.
	Single Family


	Large Lot Not Farm Home
	Single Family


	Medium Density Res.
	Multifamily


	Medium-High Density Res.
	Multifamily


	High Density Res
	Multifamily


	Urban Residential
	Multifamily






	Total DU = SACOG Parcel DU

	Controlled to TAZ totals

	Assign DU type using crosswalk (right), and assign DU totals to du_detsf

	Du_detsf_sl and du_detsf_ll based on sf/du calculation.

	ACS rates for Attached SF, MF 2-4, and MF 5 plus are applied to all parcels with MF units






Households

[image: _images/ExistingConditions_smalll.png]

	HH from SACOG 2008

	DU from Parcel Data

	Occupancy rate = HH/DU






Population


	Calculate Average HH by block group from census data

	Ave. HH size = pop/hh

	Then multiply the HH count in each parcel by the Ave. HH size.






Employment


	Parcel employment from SACOG 2008

	Crosswalk using the table

	Use LEHD to disaggregate where needed. (next page)

	Accommodation extracted using SACOG Employment Inventory




Employment Land Use Crosswalk





	SACOG Use Code
	Employment Type




	SACOG Category
	UrbanFootprint Employment Category


	EmpGov
	Emp_Public_admin


	EmpOfc
	Emp_Office_services


	EmpMed
	Emp_Medical_services


	EmpEdu
	Emp_Education


	EmpRet
	Emp_Retail_services


	EmpFood
	Emp_Restaurant


	EmpSvc
	Emp_Entrec, Emp_Othe_services, Emp_Accomodation


	EmpInd
	Emp_Utilities, Emp_Transware, Emp_Warehouse, Emp_Wholesale, Emp_Construction, Emp_Manufacturing, Emp_Agriculture, Emp_Extract


	EmpOth
	Emp_military








Employment Processing and Source


Employment Processing and Source






	UF Employment Sub Category
	Method for Spatially Deriving Field at Parcel
	SACSIM Category




	Emp_Public
	Direct Crosswalk from SACSIM Category
	EmpGov


	Emp_Office
	Direct Crosswalk from SACSIM Category
	EmpOfc


	Emp_Medss
	Direct Crosswalk from SACSIM Category
	EmpMed


	Emp_Educ
	Direct Crosswalk from SACSIM Category
	EmpEdu


	Emp_Retail
	Direct Crosswalk from SACSIM Category
	EmpRet


	Emp_Restaurant
	Direct Crosswalk from SACSIM Category
	EmpFood


	Emp_Entrec
	LEHD 2010 Near Imputed Rate (Block)
	EmpSvc


	Emp_Other
	LEHD 2010 Near Imputed Rate (Block)
	EmpSvc


	Emp_Accommodation
	SACOG Employment Inventory
	EmpSvc


	Emp_Transware
	LEHD 2010 Near Imputed Rate (Block)
	EmpInd


	Emp_Warehouse
	LEHD 2010 Near Imputed Rate (Block)
	EmpInd


	Emp_Whole
	LEHD 2010 Near Imputed Rate (Block)
	EmpInd


	Emp_Constr
	LEHD 2010 Near Imputed Rate (Block)
	EmpInd


	Emp_Manuf
	LEHD 2010 Near Imputed Rate (Block)
	EmpInd


	Emp_Agriculture
	LEHD 2010 Near Imputed Rate (Block)
	EmpInd


	Emp_Extract
	LEHD 2010 Near Imputed Rate (Block)
	EmpInd


	Emp_AF
	Direct Crosswalk from SACSIM Category
	EmpOth








Disaggregation


	This technique is used several times during data preparation.

	Calculate the proportion of each SACOG category that goes into each UF Employment Category.

	Use the LEHD 2010 near imputed rate datase as the basis for the disaggregation.



i.e. %emp_entrec = 100*emp_entrec/
(emp_entrec+emp_other_services+emp_accomodation)

Dataset 1 (higher accuracy): 95 employees

Dataset 2: 50 retail, 30 service, and 20 industrial employees.












	Total Emp
	Ret. %
	Ser. %
	Ind. %
	# Ret.
	# Ser.
	# Ind




	95
	50
	30
	20
	47.5
	28.5
	19





Concerns: Zeros and Nulls




Building Square Footage

Need info




Irrigated Square Footage

Need info




Developablity

Need info






Alternate Method: SANDAG


	Base Schema





	Expanded compared to SACOG

	Includes HH income

	Population Educational Attainment







	Data Sources





	2012 parcels, have DU and land use

	2012 EDD employment points with 2-4 digit NAICS codes

	MGRA with Pop (by gender and age), and Households by income category

	ACS Data (5 year block group and 1 year PUMS)









Loading Base Data into UrbanFootprint


	Upload via ftp

	Create new geographic area in Django

	Create new schema in database

	Load data to schema






Keep the Goal in Mind


	Data for your region will be unique

	This process should serve as a starting point for developing your data, not a fixed recipe.






Exercise


	Download XXXX

	And unzip it into a folder.

	Inside the folder here will be a mxd and folders with data and scripts

	We’re going to step through the scripts.









          

      

      

    

  

    
      
          
            
  
Analysis Modules


Goals


	Review the Analysis Modules and How they work

	We will be covering calibration and customization only lightly






Analysis Modules Overview

[image: _images/AnalysisModules_overview.png]
Analysis modules are generally run following the completion of a scenario, or at “break points” within the development of a scenario to evaluate how the scenario is performing. Some of these analytical modules take a few minutes to run and as such aren’t something that is run following every change to the scenario.

As shown in the image above, many of the analytical modules are connected to each other. For example, several of the analytical modules use outputs generated by running the transportation analytical module.




Land Consumption

UrbanFootprint identifies the amount of greenfield and refill land consumed in the scenario.

Figure LC 1: The Land Consumption Measurement Process

[image: _images/AM_LandConsumption.png]
It does this by using a data set to divide the entire landscape into greenfield and developed space, this has been done in the past using the FMMP.

Each polygon then has a percentage of it’s land area that is developable greenfield space and developable “refill” space. The polygon is then analyzed so that if it has more developable greenfield space than refill any development in the polygon is considered greenfield consumption and if there is more developable refill space than greenfield any development is considered refill. The total acrage of greenfield and refill development is then calculated across the entire scenario.

[image: _images/SJVExample.png]
A comparison of the 2050 projections in Scenarios A and B+ from the San Joaquin Valley Blueprint (2009)




Building Energy Use

[image: _images/AM_BuildingEnergy.png]
Each building type in UrbanFootprint consumes a baseline amount of energy based on its location and designated policy factors.  Residential energy use is computed based on each dwelling unit, by type, and commercial by their square footage by usage (i.e. retail, office, industrial…).

The location determines which climate zone the building is in, and that determines the baseline energy consumption. The California Energy Commission’s Title 24 Building Standard climate zones are used for residential energy factors and the Forecasting Climate Zones are used for commercial energy use.

[image: _images/UF_TD_climatezones.png]
Baseline residential energy use factors are developed from the CEC’s Residential Appliance Saturation Survey (RASS), in this case the 2009 dataset was used.

[image: _images/UF_TD_9.1.png]
Energy use in common areas of mixed use and multifamily structures is estimated based on the CEC’s Commercial End-Use Survey (CEUS) data for lodgings.

The baseline energy use for commercial structures is developed from the CEUS data sets as Energy Intensity (EI), the energy used per square foot, for 14 building types, classified by CEC Forecasting Climate Zone.

[image: _images/UF_TD_9.3.png]
Baseline energy consumption is assumed to be fixed with the exception of an incremental improvement in efficiency over time.  Buildings present in at the base line year, can have a rate of retrofitting or replacement (with the same building type) which improve those building’s energy efficiency.

New buildings constructed through the scenario have policy driven baseline improvements in energy efficiency and then are also subject to rates of retrofitting and replacement.

[image: _images/UF_TD_9.5.png]
Energy policy options are implemented through applying rates of improvement in baseline efficiency to buildings that are either new construction or are retrofitted, with new construction (or major retrofits) being a full update to the projected energy efficiency at the time of construction and retrofits being a significant improvement over the baseline efficiency that the building had prior to retrofit.

[image: _images/UF_TD_9.4.png]
After generating total energy used, assumed costs for electricity and natural gas can be applied allowing the calculation of energy costs. Similarly, based on the energy consumed and the potential sources of that energy GHG emissions may be calculated.

[image: _images/UF_TD_9.6.png]
The calculations that determine the number and age of units or commercial use follow two paths:


	Existing units experience retrofits and upgrades based on the start year energy efficiency. Replacements of these units move to the new unit queue reducing the number of units being tracked as part of the existing stock.

	New units are tracked and have the potential for both replacement and retrofit as time passes.



[image: _images/SACOG_BuildingEnergy.png]
Exercise: A prototype version of the calculations in Excel.
Download




Water Use


	Water impacts follow a very similar path to Energy.

	Building type and climate zone determine baseline water used both indoor and outdoor

	Indoor water usage is estimated per-capita by building type
	Residential







[image: _images/UF_TD_10.1.png]

	Commercial is estimated based on three employment types, commercial, institutional, and industrial.



[image: _images/etozonemap.jpg]

	Outdoor water usage is estimated per square foot of irrigated outdoor space adjusted by the climate zone.
	Within 18 climate zones the California DWR provides monthly and yearly ETo (reference evapotranspiration values). These are a measure of the amount of water needed to support landscaping. Based on these, we can estimate the water required per acre of landscape.







[image: _images/UF_TD_10.2.png]
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	Consumption rates are then adjusted to account for efficiency and conservation improvements in future years.


	Like Energy, water consumption by buildings assumes rates of efficiency improvements as well as retrofitting or building replacements or major renovations.



[image: _images/UF_TD_10.4.png]




The calculations that determine the number and age of units or commercial use follow two paths:


	Existing units experience retrofits and upgrades based on the start year energy efficiency. Replacements of these units move to the new unit queue reducing the number of units being tracked as part of the existing stock.

	New units are tracked and have the potential for both replacement and retrofit as time passes.






Local Fiscal Impacts

[image: _images/AM_LocalFiscal.png]
Fiscal impact analysis divides the build landscape across three axes. Urban, compact, or standard developments (Land Development Class or LDC), refill or greenfield construction (development condition), and housing type (single family detached large lot, single family detached small lot, single family attached, and multi-family. This version of the fiscal analysis module applies only to residential development.

[image: _images/AM_LocalFiscal2.png]
Urban is high density development characterized by city centers
Compact is a highly walkable, mixed use urban form
Standard includes most suburban, auto-oriented construction.

Infrastructure costs are calculated per residential unit by type, LDC, and greenfield or refill type. Infrastructure costs are assumed to be a one time cost. And include the installation of transportation, water, and waste water facilities.

[image: _images/UF_TD_12.3.png]
Operations & Maintenance costs are long term infrastructure related costs assessed over time on a per residential unit basis by building type and LDC.

[image: _images/UF_TD_12.5.png]
Local Revenues include the projected property tax, property transfer, and vehicle license fees based on the building type and LDC. i.e. Urban areas have lower vehicle ownership and the estimates reflect that in the vehicle license fees.

[image: _images/UF_TD_12.6.png]



Transportation

[image: _images/AM_Transportation.png]
Transportation is the most complex of the analytical modules and may require a half hour or more to run.

Put simply, UrbanFootprint builds a picture of the land use and accessibility surrounding each housing unit and applies an enhanced version of the MXD model developed by Fehr & Peers with EPA funding (http://www.epa.gov/smartgrowth/mxd_tripgeneration.html) to appropriately scale per capita VMT estimates drawn from a local transportation model up or down as the land use mixture changes.

These results are then fed into a secondary model that applies projections of future vehicle fleet mixtures and efficiencies to obtain estimates of the quantity and types of energy used to power the fleet, the number and length of trips made, the pollutants emitted, and the costs both for fuel and vehicle O & M.

The results from the Transportation module have matched very well with MPO travel models. It is important to note that this requires careful calibration to achieve.

[image: _images/TransportValidation.png]
The results from the Transport Module can be displayed visually and in tabular forms. For example these results are from the Vision California project by Calthorpe Associates (now Calthorpe Analytics) and display VMT per household for the Sacramento Area Council of Governments’ 2035 land use projections with accompanying info graphic showing a comparison of two scenarios.

[image: _images/TransportSACOG2035.jpg]
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UrbanFootprint incorporates a comprehensive ”sketch”
travel model that interacts with regional travel network
data to produce vehicle miles traveled (VMT), mode
choice, and congestion estimates for land use +
transportation scenarios, as well as transportation-
related costs, greenhouse gas (GHG) emissions, and
pollutant emissions. The core of UrbanFootprint’s
travel engine was adapted from the MXD model
(described below) created by Fehr & Peers, an
internationally-known firm specializing in state of the
art travel behavior research and prediction.

The MXD method allows differentiation among a broad
array of land use Place Types, the building blocks of
UrbanFootprint, calculating the vehicle trip reductions
resulting from the specific combination of D variables
that characterize each Place Type. MXD transportation-
demand relationships allow the combination of
intrinsic D variables for a specific Place Type, coupled
with the extrinsic factors that describe the place’s
location within the region, to dictate the degree to
which the place generates more or less vehicle travel
than the regional average.

Costs and emissions estimates for each scenario are
based on policy inputs, which allow the user to see the
quantification of the effects of variations in factors
including: fuel price; the carbon content of fuels;
vehicle fuel economy; vehicle fleet turnover; and the
relationship between a widespread shift to vehicle
electrification and the carbon intensity of the
electricity generation portfolio. UrbanFootprint thus
Figure 7-1: Overview of the UrbanFootprint travel engine
allows users to quickly and easily see the
transportation-related impacts of the changes in
transportation systems, urban form and regional development patterns between various land use and
transportation scenarios.


Travel Forecasting in UrbanFootprint

The travel forecasting capabilities within UrbanFootprint are based on a comprehensive body of
research on the relationships between travel generation and the characteristics of the built
environment. The supporting research includes:


	Travel and the Built Environment; Ewing and Cervero; 2010

	Traffic Generated by Mixed-Use Developments—Six-Region Study; Ewing and Walters, et al; 2011. (Included as Appendix B of this report.)

	2010 California Regional Transportation Plan Guidelines, California Transportation Commission

	Assessment of Local Models and Tools for Analyzing Smart-Growth Strategies; Caltrans , DKS; 2007

	Growing Cooler – The Evidence on Urban Development and Climate Change; Ewing and Walters et.al.; 2008

	Guidelines for Quantifying the GHG Effects of Transportation Mitigation, California Air Pollution Control Officers Association, 2010



This and other research have found that urban form, transportation supply and management policies
affect vehicle miles traveled (VMT), automobile and transit travel through at least eight mechanisms,
referred to as the “8Ds”.




Measurement of the ‘8Ds’ in UrbanFootprint

The UrbanFootprint travel engine uses the findings from California and nationwide MXD research to
quantify the transportation effects of differences in transportation and development form ranging from
highly-sustainable compact, mixed and transit-oriented forms to land use patterns that are more auto-
dependent. This relies upon measurement of each of the following ‘8Ds’ for each micro-scale
development area (each 5.5-acre land use grid cell).


	Density – Dwellings and jobs per acre of development.

	Diversity – Mix of housing, jobs and retail, measured in terms of ratios such as jobs/housing, retail/housing and jobs mix (closeness to a balance among uses).

	Design – Connectivity and walkability, measured in terms of how fine-grained the circulation networks through metrics of network density, such as walkable street intersections per square mile

	Destinations – Regional accessibility to activities from the regional travel model networks “skim matrices” of travel distances and travel times among all development areas or travel analysis zones (TAZs).

	Distance to Transit – Proximity to fixed-guideway service measured from the UrbanFootprint development grid cell to the nearest transit stops, and expressed in terms of transit stops within walking radii of 1⁄4 and 1⁄2 mile.

	Development Scale – Absolute local amounts of population and jobs within the development grid cell’s neighborhood (critical mass and magnitude of compatible uses), measured in terms of a 1⁄2 mile walking radius

	Demographics – Household size, income and auto ownership of the residential development types contained in the grid cell.

	Demand Management – Automobile travel disincentives, including regional pricing of auto travel through fuel costs, mileage-based fees and taxes and parking charges (Method has been developed, but is not implemented in UrbanFootprint version 1.0).



UrbanFootprint quantifies the relationships to the first seven “Ds” through a series of equations from
the most recent and rigorous statistical study: Traffic Generated by Mixed-Use Developments—Six-
Region Study Using Consistent Built Environmental Measures, prepared for the US EPA and reviewed by
the American Society of Civil Engineers. The study developed hierarchical models that capture the
relationships between the “D” factors and the amount of travel generated by over 230 mixed-use
developments of a wide variety of settings and sizes across the US, including the Sacramento and San
Diego regions. The predictive accuracy of the methods were validated through field surveys of traffic at
almost 30 other development sites, more than half of which are located in California, at locations in San
Diego, Orange County , Sacramento and the San Francisco Bay Area.

The resulting method, known as the MXD method, uses a series of equations to estimate the likely
degree to which a development area’s external traffic generation will be reduced due to development
density, diversity, design, destination accessibility, distance to transit, demographics and development
scale. UrbanFootprint uses the MXD method and other California research on the effects of various
Demand Management strategies as its ‘8D’ travel engine.

UrbanFootprint combines the MXD estimates of trip generation by travel mode with regional
information on transportation networks and travel distances among activities to compute measures of
accessibility and vehicle miles traveled (VMT). For consistency with regional transportation policy and
programs, UrbanFootprint draws this network information from each MPO’s regional travel models,
reflecting the region’s Sustainable Communities Strategy (SCS) and modal emphasis alternatives from its
Regional Transportation Plan (RTP).




How MXD Works

Input factors

Land Use (based on a half mile buffer around each location)


	Population, Employment

	Dwelling units by type

	Sq. ft. of Non-residential use by category: office, retail, service, public



Urban Form (based on a half mile buffer around each location)


	Intersection density

	Household size

	Auto ownership



Location and Context


	Employment within 1 mile radius

	Jobs within 30 min. by transit



Intermediate processing
ITE trip generation rates are applied to the land uses to calculate the maximum potential trip generation.

MXD equations are applied to calculate the likelihood of internal capture, pedestrian, or transit use. This allows the estimation of trip reductions based on the land use.

Results
The reduction factors from the MXD equations are applied to the maximum trip generation rates.

Fuel use is calculated based on a fixed fleet efficiency rate based.






Household Costs

[image: _images/AM_HouseholdCosts.png]
Based on the costs estimated per unit for energy and water use, as well as vehicle fuel costs, total household costs are calculated.




Public Health

[image: _images/AM_PublicHealth.png]
The public health module is undergoing a major redesign at the moment.

The public health module builds on the transportation model as well as the baseline scenario.  Demographic assumptions combined with the local environment are used to forecast the amount of time spent in moderate and vigorous activity, proportion of the population that is overweight, and time spent in cars. These are then used to identify the incidence of weight and activity related diseases and resulting costs.

The transportation engine provides estimates of VMT and pollutants which are used to estimate pedestrian-auto collisions and respiratory illnesses, and the related costs from each.




Commandline Analysis

The following is a new feature, and is likely to change over time.

To run VMT on all scenarios

./manage.py run_analysis --vmt





Or on a single scenario

./manage.py run_analysis --vmt --base





For help:

./manage.py run_analysis --help











          

      

      

    

  

    
      
          
            
  
Training Suggestions


Informational Briefing

Technical Level: Low

Subjects:

30 Minutes:
Introduction to UrbanFootprint Link PPT




Training for Scenario Editors

Technical Level: Medium

Subjects:

30 Minutes:
Introduction to UrbanFootprint Link PPT

1:30 hours:
Scenario Editing Link PPT

2:00 hours:
Hands on experience




Technical Training


Installing UrbanFootprint

Technical Level: Very High

Subjects:

1:00 hour (3:00+ to complete an installation):
Installation Link




Base Data Creation

Technical Level: Very High

Subjects:

1:00 hour:
Data Preparation Link PPT

1:00 hour:
Hands on experience Link




Analytical Modules

Technical Level: High

Subjects:

1:00 hour:
Analysis Modules Link PPT






2 Day Curriculum

Intended Audience: Land use planners, transportation planners, GIS staff

Technical Level: High - very high

The two day curriculum prepares a user to understand how to use UrbanFootprint for defining, editing, and evaluating scenarios. The focus is on the scenario planing applications of UrbanFootprint and the specific tasks that need to be accomplished in order to build a scenario from base data.

The students will gain an understanding of what scenario planning is, and why it is done. They will be trained in how to apply those lessons to the creation of a scenario in a hands-on environment. As part of this training an overview of the analytical modules, base data creation, and the installation and deployment process of UrbanFootprint will be presented. Depending on resources and student skills the level of detail in all three categories (analytical modules, base data, and installation) may be customized. At the conclusion of the class students should understand what is needed to run UrbanFootprint, though only students with exceptional existing GIS and Linux experience are likely to be able to operate UrbanFootprint independently.


Day 1

Subjects:

30 Minutes:
Introduction to UrbanFootprint Link PPT

2:00 hours:
Scenario Editing Link PPT

1:00 hour:
Analysis Modules Link PPT

3:00 hours:
Exercise: Develop a scenario

1:30 hours:
Discussion and Additional Hands-on time.




Day 2

Subjects:

1:00 hour (3:00+ to complete an installation):
Installation Link

1:00 hour:
Data Preparation Link PPT

1:00 hour:
Exercise: Data Creation Link

4:00 hours:
Exercise: Create and Evaluate a Scenario

1:00 hour:
Conclusion and Discussion






3 Hour Curriculum

Intended Audience: Land use planners, transportation planners, GIS staff, other interested individuals.

Technical Level: Medium

The three hour curriculum is intended to familiarize the students with what UrbanFootprint is, how it can be used for scenario planning, and familiarize the student with the process in a hands-on experience.
Brief notes will be given on the installation of UrbanFootprint and on base data creation, but these topics will not be covered in detail.

Subjects:

30 Minutes:
Introduction to UrbanFootprint Link PPT

1:00 hour:
Scenario Editing Link PPT

30 Minutes:
Analysis Modules Link PPT

1:00 hour:
Hands on experience

PowerPoints and other materials from the UrbanFootprint training offered June 27-28 at UC Davis.
Zip







          

      

      

    

  

    
      
          
            
  
Exercises


Data Creation


Setup:


Assumptions:

You have access to ArcGIS




Downloads:

Download the zipped FileGeodatabase and UF_PrepData.py to a folder on your computer, and extract the file geodatabase so that you have both the file geodatabase and the python file in the same folder. The file geodatabase will look like a folder with a .gdb extension.


	FileGeodatabase http://downloads.ice.ucdavis.edu/~neroth/uf/DataCreation.zip

	Script: UF_PrepData.py



Optional Materials:


	http://downloads.ice.ucdavis.edu/~neroth/uf/DataCreationOptional.zip

	Optional Script: UF_PrePrepdata.py

	Optional sql: UF_DataPrepReassembly.sql








Using IDLE:

IDLE is an Integrated Development Environment (IDE) for Python. It is installed automatically as part of the Python installation that is part of every recent ArcGIS desktop installation.

IDLE is not a particularly fully featured IDE, nor is it my favorite. Alternate IDEs that you might consider using for your own work  include: Eclipse (with the PyDev extension), Spyder, PyCharm, WingIDE. However since those are likely to require installation with adminiatrative access, this exercise will be designed around the use of IDLE.

Open IDLE
Windows 7: Using the start menu,  All Programs–>ArcGIS–>Python2.7–>IDLE(Python GUI)
Wintows 8: Push the windows button to view the tiles, and then type in “idle”

The Python shell should appear, make sure that that at the top it says something like:

Python 2.7.5 (default, May 15 2013, 22:44:16) [MSC v.1500 64 bit (AMD64)] on win32





The exact version of may differ depending on the version of ArcGIS that is installed, but it should be version 2.7.X

Using the File menu on the Python shell, open the UF_PrepData.py file. It should open in another window.

In the shell, select Debug–>Debugger. Another window will open, this is the debugger.

In the UF_PrepData.py window, you can right click on any line of code and select “Set Breakpoint” to create a point where your code will pause when you’re running it (called a breakpoint).

The debugger has the following main options:


	Go: This button will have the code run until it gets to the next breakpoint, encounters an error, or finishes the script.

	Step: This button will run the currently highlighted line of code, if that line of code is a function call, it will step into that function. You don’t want to use this very often in ArcPy based scripts unless yo’ve written your own functions.

	Over: Over will run the currently highlighted line of code, but if the line is a function call, it will execute the function without stepping into it.

	Out: If you are in a function, Out will complete the function fully and then pause when it’s done.

	Quit: This will stop the code execution.



When viewing the code you can push F5 to run the code. If the debugger window is active, it will start in a “Paused mode” and when you click Go it will run to your first breakpoint.




Starting Data:

The file geodatabase contains the following tables and feature classes (a table that contains spatial information).


	lu_freq: a table that will let us translate from the “local land use code” into the name of the UrbanFootprint placetypes or building types that will be used to display it.

	pt_ratios: a table that contains a large number of fields that will allow us to disaggregate the starting data into subcategories. This process is the bulk of the work. The table contains one row for each place type or building type listed in lu_freq.

	ldc_and_int_density: a table with land development class and intersection density calculated for each parcel

	yolo_start: This feature class is the starting point for all of the spatial data and contains the acreages and square footages of each parcel, as well as the local land use code, and an estimate of the population, dwelling unit, and employment counts for that parcel.






Optional Materials:

The optional data contains some data that was used to build the inputs for the exercise, or may be interesting from a technical standpoint.
* public_yolo_county_base_feature_polygon: (feature class) Is a model of what we’re trying to recreate.
* yolo_county_census_block_rates: Is a feature class with potentially useful data with rates of demographic data types assembled by census block with significant cleanup done by Calthorpe that is an example of a potential datasource for a more complex data construction process.




Stepping Through:

This is a very simplistic approach to building a base data set. We will use assumed average values for each placetype to split a parcel data set with a “local” land use code by crosswalking the local land use code to place type, and then using estimates for each parcel of the number of dwelling units, employees, and parcel acres/square feet to prepare the input data.

Set break points on lines: 32, 38, 45, 57, 143, 149, 153, 160, 167, 176, 190, 197, 216, 245, 256, 274, 292, 311, 362, 382, and 391

We’ll step through the code, explaining what is going on as we go to try to develop a better idea of what data is needed for the base conditions of UrbanFootprint

This will let us break the code into manageable chunks to explain. These sections are identified based on the line that the section starts on.

Section 1: line 32, Imports

Import the needed libraries (collections of commands) needed to run the script.

os and sys, are system libraries that let us work with files and paths

arcpy contains almost all of the Esri functionality for working with data.

datetime and time let us use times values.

Section 2: line 38, Defining a Function

This is a simple function that lets us print a message onto the screen including the time that the message was generated. It’s useful for tracking how long tasks take.

Section 3: line 45, Parameters

Give default values to some variables that we’ll be using like the path to the geodatabase.

Section 4: line 57, Fields

This is a list of all of the fields (except for the geometry field) and the type of data that they contain. This list will be used to add all of the needed fields to the dataset.

Section 5: line 143, Arcpy Workspace

Setting some defaults for Arcpy. The default workspace is taken from the value we set above, and it will allow the automatic overwriting of outputs if you rerun the script.

We’re also going to make a copy of the starting point dataset so that it’s easy to return if needed.

Section 6: line 153, Beginning the calculations

Add a field to store the built_form_key. Create a join between yolo_start and the built form table based on the local land use code.

Section 7: line 160, Calculate built_form_key

Store built_form_key (or place type) into the field we created for it. It is worth noting that the CalculateField function from Arcpy is relatively slow. However, it works a bit better across joins so I’m using it here. In most other parts of this example we’ll use a faster alternate method for doing the calculations.

We’ll also add an Index to the field we just calculated to make joins and calculate operations perform more quickly.

Section 8: line 167, Join the Source Table

Join in the Source Table which contains our “averages” for each place type to the starting layer based on built_form_key. Then we’ll copy the result to a new feature class and do a little cleanup of objects we won’t need any more.

Section 9: line 176, Remove unneeded fields

To reduce the size of the dataset we’re going to be working with a little, we remove some unneeded fields that we joined in.

Section 10: line 190, Add Fields

Using the list we created above, we add each of those fields to the current version of the data.

Section 11: line 197, Set default values

To make sure we don’t end up with any null values we loop through all of the fields and add in appropriate placeholder values using an update cursor to improve our speed. This step can take quite a while and we make another copy of the data afterwards so that we can start from this point if needed.

Section 12: line 216, Starting to fill in values that are constant across the dataset

Using an update cursor we begin to calculate the values from our starting tables into the fields that we’ve created. This section contains values that are direct copies from the source data.

Section 13: line 245, Calculate Populations and Households

We use the average persons per households per dwelling unit, and population per household values for the place type to convert from dwelling units to (occupied) housing units (households), and to population.

Section 14: line 256, Calculating Acres

We apply the ratios of acres by place type to total acres to populate the acre total fields for each set of uses. This is the model for what we’ll be doing for most of the following calculations.

Section 15: line 274, Calculate Employment.

Calculate the proportion of employees by place type that fall into each sub category.

Section 16: line 292, Calculate Building Square Feet

Using what is effectively a floor area ratio of the parcel square footage for each place type, calculate the acres for each building type.

Section 17: line 311, Dwelling Unit Calculations

First we divide the total dwelling unit count into single family detached, single family attached, and multi-family using place type averages.

Next we repeat the process to subdivide single family detached into small lot and large lot units. We also divide multi-family into 2 to 4 unit and 5 or more unit categories.

Section 18: line 362, Irrigated Area Calculations

Using place type average rates we calculate the irrigated square footages for commercial and residential uses.

Section 19: line 382, Join and Calculate the Land Development Class and Intersection Densities

Using the geography_id join the ldc_and_int_density table to our working dataset and calculate the values into the working dataset.

Section 20: line 391, Final Copy and Cleanup

Make a final copy of our dataset, and clean out the fields that we won’t be needing.




Loading the Data:

This next step of loading this data can be technically challenging, and is going to depend on your system, so it’ll only be described here, not actually completed.

First, the dataset that you’ve created needs to be converted into PostGIS, the easiest is to use Esri’s Data Interoperability Extension to export the data into postgis, probably the staging database. With new versions of QGIS, it is possible to read file geodatabases and export to PostGIS. Unfortunately, we have to be careful to not truncate the field names we’ve just been calculating.

Once the data is in PostGIS, there will be some data clean up because the translation between Esri’s data types and PostGIS’s is not perfect. This will include the creation of the wkb_geometry (well known binary geometry) field and making sure that none of your fields have too many decimal places for the fields they’re moving into. We tried to handle that above by using the rounding functions. In general it is probably worth taking a templating approach where you use an existing dataset as a model for the new one and substitute in new data as needed.

After all of the needed cleanup has been completed, fab <host> recreate_dev can be run to repopulate the UrbanFootprint database with the new data.









          

      

      

    

  

    
      
          
            
  
Resources


Organizations

The California Strategic Growth Council: http://sgc.ca.gov

The Governor’s Office of Planning and Research: http://opr.ca.gov

Calthorpe Analytics: http://www.calthorpe.com/scenario_modeling_tools

Information Center for the Environment, UC Davis: http://ice.ucdavis.edu




Documentation

TechnicalDocumentation for UrbanFootprint version 1 (February 2013) Download




Other Training Materials

PowerPoints and other materials from the UrbanFootprint training offered June 27-28 at UC Davis.
Zip







          

      

      

    

  

    
      
          
            
  
Contributors


Information Center for the Environment, University of California, Davis


	Nathaniel Roth (neroth@ucdavis.edu), primary editor

	Karen Beardsley






Calthorpe Analytics


	Evan Babb

	Joe Distefano






Sacramento Area Council of Governments


	Raef Porter






California Strategic Growth Council

Michael McCoy
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Use Survey (CEUS) data™. The CEUS provides energy intensities (EI) - energy use per square foot ~ by,
end use for 14 building types, classified by CEC Forecasting Climate Zone. UrbanFootprint uses total
energy intensities to include all end uses surveyed. Note that, while the specifics of using CEUS data are
described here, alternative baseline factors can be loaded into the model to reflect data tuned to the
scale and location of scenarios to be developed and analyzed.

bl 52 hows the schems of the CEUS commercialenergy use factors. Thse factors represent base-
yearenergy use(the mostrecent CEUS dat s fropn 2008). These factors are appied o the foor space in
each of these categories, as estimated by UrbanFootprint.

Table .35 CUS Commercial Energy ntesiy by Zon and Builing Type (W square ocx)

cEus uiding categories
Forecastog Lo Restaua Food warshou
Offce | m Rl S s School colege esth lodging misc

14 91 26 w3 %8 1as 87 125 16 93 52
15 126 38 145 M6 &4 71 s s 88 100
54 142 m2 1 %3 27 88 M2 150 101 104

5 165 152 34 126 %3 77 55 127 184 100 90

Urbanfootprint estimates building square footage by employment category for the base year by
applying per-employee floor space assumptions to job totals. For future scenario years, floor space is
first estimated by broad employment sector (retail office, industrial) through the application of place
and building types, which specify their spatial proportions within buildings. Location-specific
employment data are then used to further apportion floor space among the CEUS categories.

Energy Efficiency Policy Options
Energy efficiency policies are a major determinant of building energy use. This section describes the
framework of assumptions applied by the model to reflect the impact of various energy efficiency and
conservation policies into the future. New buildings are expected to meet increasingly higher standards
for new construction, while the population of existing buikdings is expected to exhibit improved
performance a5 a result of buildings being either renovated, retrofitted, or replaced.

Building Stock Categorization
‘The stock of residential and commercial buildings is subject to ongoing changes, as new construction,
retrofits, and building replacement occurs. UrbanFootprint tracks the amounts of residential units and
commercial floor space in each of these building populations. The numbers of buildings that are built or
‘demolished (through redevelopment) result from the application of place types to the landscape
(scenario development). The numbers of buildings that are either retrofitted or replaced are determined
by assumed rates, which can be varied to refiect the effects of policies that incentivize efficiency
improvements for existing buildings. Finally, some amount of buildings — the remainder — can be

 Cafornia Energy Commision. (2006). Calfornia Commercial Ene-Use Survey (CEUS). Sacramentos CEC.

UrbanFootprint v1.0 —Building Energy Impacts Cafthorpe Associates.
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Annual Weight-Related Diseases: Urban form influences physical activity -$1 97 mil per year
as well as the incidence of weight-related diseases. Higher overweight and obesity

rates result in higher incidences of type Il diabetes, hypertension, coronary artery

disease, osteoarthritis, chronic back pain, and some cancers. The Compact Future

scenario, compared to BAU, increases physical activity, and avoids 1,500 new disease

incidences and $197 million in consequent health costs in 2035.
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Annual Auto-Pedestrian Collisions: Auto-pedestrian collisions and related

costs are reduced along with VMT. Compared to Business As Usual (BAU), the Compact i $56 mil per year
Future scenario reduces the number of auto-pedestrian collisions by 17%, avoiding

$56 million in annual costs.
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Annual Pollution-Related Health Impacts:  Transportation-related air

pollution leads to a range of health incidences, including cases of respiratory and Business As Usual B (mzlltlJI?g gg"afs
cardiovascular hospitalizations; chronic bronchitis; asthma exacerbation; ER visits; ;a;fansran)

work loss days; premature mortality; and other acute and chronic conditions. Health

incidences, and their related costs, are reduced along with VMT. Compared to BAU, the

Compact Future scenario reduces the number of annual health incidences by 12%, and '$75 mil per year
costs by $75 million.
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