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Project Summary

This project utilizes the Feature Analyst extension of ArcGIS to identify large surface
parking lots within a quarter-mile radius of Sacramento Regional Transit District (RT)
light rail stations within the City of Sacramento.

Purpose

The purpose of this project is to analyze how much land is currently being dedicated for
automobile parking around light rail stops. Given their proximity to public transit, these
parking lots may have a high potential to be redevelopment into mixed-use transit
oriented development projects. Transit oriented development (TOD) is defined as:

Moderate to higher density development, located within an easy walk of a major
transit stop, generally with a mix of residential, employment, and shopping
opportunities designed for pedestrians without excluding the auto. TOD can be
new construction or redevelopment of one or more buildings whose design and
orientation facilitate transit use.'

In addition, large continuous surface parking lots create an inhospitable place for
walking, reduce pedestrian connections to surrounding businesses and neighborhoods,
and create an aesthetically unattractive urban environment. In areas with high levels of
transit access, walking and bicycling should be encouraged through better site design and
land use. Light rail stations in Sacramento should be seen as an opportunity by the city
and developers to take advantage of the benefits transit has to offer including reduced
parking requirements, diversifying land uses, and the increased efficiency of mass-transit
at higher population densities.

Sacramento General Plan:

LU.5.5.2 Transit-Oriented Development. The City shall actively support and
facilitate mixed-use retail, employment, and residential development around
existing and future transit stations.”

I hope this project will get people to start thinking about how we can make Sacramento
more sustainable through infill development on underutilized parking lots near light rail
stops. RT’s light rail line could serve as a transportation backbone to meet the city’s
future growth while mitigating additional sprawl and traffic congestion. TODs could also
create a new real estate market outside of the traditional single family home and garden
apartment, catering to millennials looking for a more exciting urban environment and
aging baby boomers who can no longer safely operate an automoble.

! Statewide Transit-Oriented Development Study: Factors for Success in California, 2002
ZSacramento General Plan: Citywide Goals and Policys- Land Use and Urban Design Element, 2009 Morris 1



Data Sources

File Name Source Date Type Description
cities.shp Sacramento 10/2/2008 | vector polygon areas
County polygon of all cities
within
Sacramento
County
LIGHT RAIL.shp Sacramento | 4/29/2010 | vector polyline of RT
County polyline light rail lines
in Sacramento
County
LIGHT RAIL STOPS.shp | Sacramento | 4/29/2010 | vector points for
County points light rail stops
in Sacramento
County
parcels_without owners.shp | Sacramento | 2/23/2010 | vector polygon areas
County polygon of parcels in
Sacramento
County
RAIL WAYS.shp Sacramento 11/3/2005 | vector poly line of
County polyine railroads in
Sacramento
County
2009 Sac Index.shp Sacramento 2/1/2010 vector index of 2009
City polygon Sacramento
aerial imagery
Parks.shp Sacramento | 9/10/2008 | vector polygon areas
City polygon of parks in the
City of
Sacramento
SAC 21.sid Sacramento | 2009 MrSID 6 inch
City raster resolution- 3
image color band
aerial
photograph of
Sacramento
SAC 26.sid Sacramento | 2009 MrSID 6 inch
City raster resolution- 3
image color band
aerial
photograph of
Sacramento
SAC 27.sid Sacramento | 2009 MrSID 6 inch
City raster resolution- 3
image color band
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File Name Source Date Type Description
aerial
photograph of
Sacramento

SAC 29.sid Sacramento | 2009 MrSID 6 inch
City raster resolution- 3
image color band
aerial
photograph of
Sacramento
SAC 30.sid Sacramento | 2009 MrSID 6 inch
City raster resolution- 3
image color band
aerial
photograph of
Sacramento
SAC 31.sid Sacramento | 2009 MrSID 6 inch
City raster resolution- 3
image color band
aerial
photograph of
Sacramento
SAC 35.sid Sacramento 2009 MrSID 6 inch
City raster resolution- 3
image color band
aerial
photograph of
Sacramento
SAC 36.sid Sacramento 2009 MrSID 6 inch
City raster resolution- 3
image color band
aerial
photograph of
Sacramento
SAC 37.sid Sacramento 2009 MrSID 6 inch
City raster resolution- 3
image color band
aerial
photograph of
Sacramento
SAC 40.sid Sacramento 2009 MrSID 6 inch
City raster resolution- 3
image color band
aerial
photograph of
Sacramento
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File Name Source Date Type Description
SAC 41.sid Sacramento | 2009 MrSID 6 inch
City raster resolution- 3
image color band
aerial
photograph of
Sacramento
SAC 46.sid Sacramento | 2009 MrSID 6 inch
City raster resolution- 3
image color band
aerial
photograph of
Sacramento
SAC 51.sid Sacramento | 2009 MrSID 6 inch
City raster resolution- 3
image color band
aerial
photograph of
Sacramento
Methods Used

The following section describes the process used to create the final parking lot summary.
It outlines the best and most direct method for completing the task after many trials and
errors, cursing, frustration and epiphanies. For more information on where the author
encountered problems and discovered solutions to those problems please refer to the
section. That section will explain how and why certain decisions were made and the
different methods that were tried.
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1) This project is focused on classifying parking lots around RT light rail stations within
the City of Sacramento. The first step in this project was to extract the City of
Sacramento area from the cities.shp provided by the County of Sacramento. This was
done using the Selection tool and Export Data to create a new polygon of only the City of
Sacramento (Sacramento.shp).
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2) All light rail stations that are within the City of Sacramento were then identified using
Select By Location tool. Light rail stations that were completely within the City of
Sacramento polygon were selected then exported to create a new shapefile of all the light
rail station points within the City of Sacramento (LTR Stops Sacramento.shp).
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3) The study area was further defined by creating quarter mile zone around each light rail
station. A quarter mile was chosen because it represents how far a pedestrian could walk
in a given direction in 5 minutes. It is a widely acknowledged and understood rule of
thumb in the urban planning and development fields. The Buffer tool was used to create
quarter mile buffer zones around each light rail station in Sacramento. 0.25 miles was
specified as the buffer radius (LTR Stops Sacramento QuarterMile.shp).

Unittled - ArcMag - Areinfe
18r 81w flock=arly. Jrrent Sebeciin T Himdom bl

CoFgs  mls = #fE= il KOk W g & F - | | =)
gy v B 55 ykndie (I hasye v 5 S FEET o Visluy bisigsd = & THELEL B
. B e o
s = | powmncs b <
LIVHT Gl STORS = o Febbal]
Fri e
[ D L R, B | o
AT =~ [P A i
" bl T - oy
f T — y e 1 e i .

e : s P4

Yot ot | i Ll ks
| = ERE s e m H L
o pr— [ -y ®
1 Pt LR my e 4
[ p— of peman i B g A
v <1 Sabbarms T o iy el W
Tapyil i I —
= . tiamany
e - a

P T P [—— [ —— L PSR m

[ ] =l L R T L L

e [ v Bockemarty. Jrvrt Gebecion Toch tindom by

DFaE L R R st =l KOk W fimge » F - | | =]
pddogy = B S0 Tiladie (D el v S 5 FRFT e bt = £ FHELEL EE
. " .l
B | [T .:: |
LT B s | s
B T g B I.4='=I
c:’urm-mn. :!
-y | L2
I
a @
o
n| {»53'559
=| |
“I @Ft
oy =iy K : r'hm:ij
o R 1y oy & o6
| e g &)

T %
A E g A e g e
WAL (PRSI e

Morris 7



4) All ancillary information was then restricted to the quarter mile study area. This was
done using the Clip tool to keep only those features that fell within

LTR Stops Sacramento QuarterMile.shp zones. Clipping was done to improve
performance and eliminate unnecessary data. The Clip tool was used on

LIGHT RAIL.shp, RAIL WAYS.shp, parcels without owners.shp, and parks.shp.
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5) Unfortunately the street data provided by Sacramento County was unhelpful. It lacked
information on street width necessary to create a street polygon. The street polygon will be used
later to create a mask to prevent Feature Analyst from classifying roads as parking lots. In order
to get around this one can use the parcel layer to create a new polygon of public right of ways.
To do this the Erase tool was utilized. LTR Stops Sacramento QuarterMile.shp had all
Parcels_QuarterMile.shp erased leaving only a street polygon.
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6) A buffer was added to the light rail and railroad lines in order to use them as masks as
well. Using the Buffer tool, a 30 foot buffer was created around the light rail and railroad
lines so that the entire track was encompassed by a polygon. The 30 foot buffer was
determined to be the best fit through a series of trial and error using an aerial image
(RAIL_ WAYS QuarterMile Buffer.shp, LIGHT RAIL QuarterMile Buffer.shp).
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7) Typically commercial and industrial land uses are required to maintain a high level of
parking to square footage ratio per the city’s zoning ordinance. The code creates large
parking lots around these types of uses. In order to eliminate smaller parking lots such as
residential driveways and apartment lots which are impractical for redevelopment
purposes, all parcels containing residential uses were exported as their own individual
shapefile to be used as a mask in the Feature Analyst classification process. The parcel
shapefile contained a coded land use field which was decoded with a key provided by the
City of Sacramento. It was determined that all land uses starting with the code “A” were
residential uses. To select all the residential uses the Select by Attributes tool was used
with a wildcard: SELECT FROM Parcels_QuarterMile WHERE “LANDUSE” LIKE
‘A%’. This allowed for the selection and export of all codes that started with the
residential identifier code ‘A’.
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8) The 2009 Sac Index.shp was loaded to determine which MrSID files contained the
quarter mile light rail study areas. Select By Location was used to select those index
polygons that intersected LTR Stops_Sacramento QuarterMile.shp. The attribute table
was then opened to see which corresponding MrSID file needed to be loaded.
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9) Only the areas within the quarter mile buffer of the rail station need to be considered.
The Extract By Mask tool was used to extract raster data within the quarter mile buffer
just like the Clip Tool was used earlier to extract vector data. This process created new
raster images only of the study area. During this process the MrSID files were
uncompressed and saved in the TIF format by adding the file extension .tif to the output
raster file name. TIF was chosen because it is typically the standard used for raster
imagery and is a file format Feature Analyst can read, unlike MrSID. Each MrSID file
had to be extracted individually making for a very long process.
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10) All the TIF files were then combined into one image using the Mosaic to New Raster
tool. This was done so Feature Analyst would classify the entire image in one run after
training sites had been tested on the individual TIFs. In order to create a mosaic image, a
Personal Geodatebase had to be created along with a new empty raster with the correct
coordinate system (in this case NAD 1983 StatePlane California I FIPS 0402 Feet).
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11) The completed aerial mosaic was then used to spot check all other polygon mask
layers (i.e. roads, railroads, light rail lines, etc.) to makes sure they properly aligned with
their corresponding features in the aerial photograph. This was done to prevent Feature
Analyst from classifying these features as parking lots, allowing for a more accurate
classification with less passes. The Editor tool was used to correct any polygons found to
be in error or missing. This process was repeated for light rail and railroad lines.
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12) With all the masks created and the study area defined the Feature Analyst
classification process was next. The first step was to resample the TIF mosaic study area
down to a lower resolution (see Issues Encountered). Through trail and testing it was
discovered that resampling the TIF from 6 inch pixels to 3 foot pixels allowed for the
optimum compromise between quality of classification and processing time. The
Resample tool was used with the output cell size specified as 3 feet.
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13) Feature Analyst requires test sites in order to start classifying an image. Through trial
and error it was determined that three classes worked the best for identifying enough
features in the image to identify parking areas well. Vacant grass areas, buildings and
parking lots were sampled throughout the Sacramento study areas to get a good sample of
the various types of features found throughout the city. After a series of test areas were
defined for each class, the three classes were combined using the Combine Features tool
into one shapefile, allowing for wall-to-wall classification with Feature Analyst.
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14) Next One Step Learning was set up. Through trial and error it was discovered that
the best input representation was using a Square with a 9 pixel pattern width. I believe
that this is the best classification method given that the features being searched for are in
a square configuration boarded by straight streets (vacant lots, parking lots, buildings). In
addition, all the mask layers were applied to filter out everything but sites with potential
large parking lots. In the mask set up, Feature Analyst was told to exclude residential
parcels, roads, railways, light rail lines, and parks. It was also told to focus on all parcels
that were not residential as an extra precaution to exclude unwanted classification. A
general approach learning method was used with areas smaller than 100 pixels being
aggregated. This was used to avoid creating in holdings of different classifications such
as trees in parking lots.
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15) The first run of Feature Analyst was able to pick up vacant green spaces very well;
however, there was some confusion between buildings and parking lots, especially in the
downtown area where blog sizes are more standardized creating building footprints with
the same size as parking lot blocks. The first image below shows how much better
Feature Analyst performed in a typical suburban shopping center compared to a denser
downtown urban area.
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16) The next step was to use Hierarchical Learning to begin removing clutter from the
image and tag areas that were classified incorrectly. Each classification was separated
out with each class going through the clutter removal process. Approach 2 was utilized
because it was recommend in the software manual for removing clutter. Again, a square
input analyzer was used given the configuration of the features being classified. Below is
the building classification after the clutter procedure.

* Bacramente TOD Warkspacel.mad - ArcMap - Arcinfe
e 8 W Bockeari et Selection Toch Pindom by
DFEEs n L L o =l ald | DY W | Camslienting = e s DRUAS=-RE T T R S R R
[r— Eillge b o= Tk [Traads e Fosbme = Tarset (Bt = ano
. =

@ Ly = | @ At otan

+ W 30 Ayl Tooks

Sy

W Dty Tamin

W Crversion sl
+ Wyt [rdvecpmrabiy 1
Ll Mgt |
W Lzaling Tk w |
P ———

* ExampleTOO nacl - ArcMap - Arclnfa = (Y E
e [#1 Woww Bock=arby Juvert Gelectin Toch Findos ksl

DFaE A" - ¥ =l @O W o ey sy = & ' Trsmshie £ Arsabyk =

by = &

APETE L) TS P

ey G’y . B\ Rpoped . B TO0 Bl - Laamgae T

Morris 20



17) The clutter removal procedure essentially creates new test sites that, through the users
input, should better classify the feature being searched for. All three post clutter removal
classifications were recombined in order to run another wall-to-wall classification using
the removed clutter layer as a new set of test sites.
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18) The above process was then repeated one additional time to further refine the
classification test sites. The pictures below show the series of iterations and continued
refining of the classification classes starting with the first attempt.
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19) The result of the third combined classification was decided to be close enough. The
downtown region still had some major misclassifications but suburban areas were
classified surprising well. Because my main concern was parking lots I didn’t care if
buildings and vegetation were mixed so long as parking lots actually encompassed
parking lots. Below all layers are tuned off but. Dark buildings downtown were
especially prone to being classified as parking lots. Because this primarily took place
downtown in a limited geographical area, I decided that this could be cleared up in post-
processing editing. Below is an urban area compared to a suburban area with all layers
but parking lots (coded in blue) off.
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20) The next step was to square up the parking lot and building shapefiles in order to
make them look more realistic. Most features are bordered by straight streets and have
sharp edges. The default squaring parameters were used. In addition the vacant grass
classification was smoothed to make it appear more realistic. The Bezier Smooth setting
was used because it created less jagged, more realistic looking polygons.
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21) All three post-proceeded layers were then recombined using the Combine Features
tool set. The “Use learning to resolve ambiguity” and “Use learning to classify
background” were selected to ensure another round of classification took place with the
newly squared features and that all area of the study zones were classified. For learning
settings, the square was again used along with the accompanying mask layers mentioned
above with Approach 1 “General purpose” being used.
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22) The next step was the manually go through the image and use the Editor tools to
clean up the parking lot classification. Polygons were split and rearranged or deleted if
they had buildings within them. Parking garages were deleted if identified as parking lots
(I wanted open lot sites with a high potential for redevelopment). New polygons were
created if Feature Analyst had not identified a parking lot correctly. This process took
about an hour and was primarily conducted in the downtown area.

T

[ i Y= foshmaris puar Sescion Ioch frdos ey
DEES L P o - & A A0 dlmniim-t iR mads RT3 A2R000
& & @[T ] = G| bdeage| | " Tisk [Tt Pedge Fawtem =] | tamge [Farkom Lot = eyl R v
= P
= Lyem
ey T r e | &
B Friinglon = '}
= - .
B Ceng [T —— -
e Mrermon femey Ly
& B Puwiary hewbys T ———— ‘&)
w O Ml Loy rdms Dagwes aceears .
P intity oty Sorrer b
g R Y — ™
O Paurl, Gussddt S E——
] Ty YT ——" -
s 2
O R | | e ot #
ez a4 ]
B L i st e
mevrat wai L1
¥ - o
Vot o
# [ Sacremwas T T e Gl ]
O lagaey Wt To Dl bt i
T ——
e . e B
= O o fwepial Tr::::l':::rhlﬂ: EL
(] Watme "1 Feer Lo r

T
it Pty T Tl Pl

a

[ i Yo Boskmans Juarl Jsecion Joob frdos ety

DEES 1 h@mx «~ - & [ A A0 dlmniim-t iR mads RT3 A2R000
A o [T 2] S| ke b Tik [T Pobgts Frmten =] |t [Favkeg Lom =] Glma|
- .
= i Layemn g [ |
L
B Pelang lem Nt i ntoee T Y
] - M
B Ceng Pl b R -
e Mrermon femey Iyl
& B Puwiary hewbys T ———— ‘&)
8 0] Mk Loprs s Ciagws wrwears &
- oty e S Tt
L'“I‘l" o i e Bl Sarr Cachs -
i e Daanes ke e Fetwwn
[ Lyt e -
v T otogr
O R | [ e #
Ve 1 ]
B gl Ml T e
mevrat wai L1
¥ - o
W rd e s
# [ Sacremwas T T e Gl ]
O iagery Wepk-memh T et o d
Wommce 1 Means mam
pre o Pl Wi
= O o fwepial Tr::::l':::rhlﬂ: EL
(] Watme "1 Feer Lo r
N — TR, py
:_.“H |.q.|l_ ‘it ot T T Pl =

ETLILATE ERNTL 7] Faem

Morris 26



23) As a final step an additional field was added to the final parking lot shapefile in order
to calculate area. A Float field was created with a Precision of 5 and a Scale of 2
allowing for up to five digits with 2 decimal places to be stored. The Calculate Geometry
tool was used to get the parking lot area in acres. Acres for each specific study was
calculated by selected all parcels within the study area then running the Statistics tool on
the Area field.
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24) An Adobe PDF was created for each study area showing parking lots and total acres
of parking lot. Some downtown stops were combined since they were essential the same
stop just on opposite sides of the block due to the one-way street configuration (i.e. 7" &
K and 9™ & K). PDFs are attached below.
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Issues Encountered

By far the biggest issue encountered during the Feature Analyst processing stage was that
each classification run was taking an extremely long time. When I started the project I
only focused on one quarter mile study area in order to fine tune the process before
moving on to the entire city. The 6 inch resolution along with the MrSID compaction
was causing Feature Analyst to run exceedingly slow. I resampled the image at 1 foot
and 3 feet to see how the classification run time and quality of classification would
change.

Test run using 6 inch resolution original image. Time to process: 34 minutes.
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Given the number of sites that needed to be analyzed and the huge time difference
compared to only moderately better classification, I decided it was okay for this project to
use 3 feet resolution.

Another problem that was encountered was that dark colored buildings were often
misclassified as being parking lots. I tried to remedy this problem by creating another
two classes for dark color buildings and vacant dirt parcels to further refine my
classifications. Unfortunately, using 5 classes created even more of a mess with parking
lots being classified as dark buildings, light buildings and vacant dirt in addition to the
parking lot classification. I decided that most dark buildings were located downtown and
would be fairly easy to remove in post processing and that 5 classes were too much of a
hassle. Post processing editing was done to eliminate misclassified dark buildings.

In addition I encountered a problem unrelated to Feature Analysis. Creating a mosaic out
of rasters needs to be done in a geodatabase. Only when I created a new raster in a
geodatabase with a defined projection was I able to get the tool to run correctly.

Finally, I encountered a problem where industrial shipping yards and truck lots being
included in my parking sample. If I were to redo this project I would mask out industrial
sites as well as residential in order to eliminate false positives with Feature Analyst.
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Discussion of Results

Overall I feel that parking lots in suburban areas came out fine. In the downtown area
there are not too many parking lots and they all have a rectangular shape due to the grid
pattern of the streets so manually digitizing incorrect or unclassified parking lots was not
too time consuming to do in such a small study area. Most of downtown is already built
out so there were not a large number of surface parking lots.

I think that this project gives a fairly good estimation of how much parking is
surrounding each light rail station. However if you look closely at each study area image
you can see buildings that I missed in my post processing clip and parking lots that do not
cover the entire lot. These types of errors probably make the area I come up with
inaccurate. If I had actual dimensions for some of these parking lots I would do an
accuracy assessment to see how close I came.

After I was able to figure out my sampling problem the process of running Feature
Analyst was much easier. Although I lost some quality by resampling, had I not
resampled I don’t think I would have been able to get this project done on time given the
geographical scope.

Conclusions

I believe that my project was successful. I was able to identify parking lots using Feature
Analyst and I feel that my methods were very good at finding large parking lots in
suburban areas. However, downtown areas had issues that required an investment of
manual editing to clean up enough to make my findings presentable.

In retrospect I would change the following things about this project to get a better result:

e Use a higher resolution-- if time were not a factor I would use the original 6 inch
resolution to get the best classification result.

e Mask out industrial uses- I think Feature Analyst gives the best results when you
can eliminate as much as the image as possible to reduce false positives. I
included industrial sites because I thought they would make good redevelopment
sites; however, their internal loading lots and truck lots create too many false
positives that I had to manually delete.

e I would have created two separate test site and Feature Analyst classification runs
for downtown and suburban areas. I think my classification had issues downtown
because Feature Analyst was looking at downtown with some suburban training
sites. If time was not an issue [ would treat each study area independently and go
through the steps outline in this document for each site instead of running a city
wide classification.
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Learning Outcomes

In this project I learned how to use Feature Analyst to classify land cover types in a raster
image. Though working with Feature Analyst I gained a better understanding of the
potential and limitations of remote sensing in its current state (especially with ArcGIS).
As computers become even more intelligent I am sure the hierarchical learning process
will improve. However, I think an actual human being will be required to actually look at
an image and decided whether the computer was correct in its assessment.

I thought it was really cool that using a couple of public available shapefiles and
publically available raster image I was able to produce new useful information through
using Feature Analyst. With remote sensing and GIS one has the potential to create new
data about the world. That is probably the aspect of remote sensing that I most
appreciate—the ability to derive new data from existing data through technology and
ingenuity.

I would like to learn more how remote sensing can be used to get a better sense of how
the built environment functions. Although it is easy to get out at a light rail stop and say
“there is a lot of parking lots around here” actually coming up with a statistically relevant
figure has a greater impact. I hope to use remote sensing to better understand how cities
currently operate and have a better understanding of what works and what doesn’t.
Remote sensing has the tremendous potential of letting us better understand our world.
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