USP/PLSI 492: Research Methods
Instructor: Pietro Calogero

Join, normalize, clip, analyze
In this tutorial we are proceeding to drill in to reveal and analyze Census data for Richmond, California. This is
not easy, because Census-Tract data does not line up with Richmond. Therefore we will need to do the
following:

Join in the data we are interested in, but for all of Contra Costa;
Normalize the data we will analyze for Richmond by calculating area densities;
Use a boundary file of the city of Richmond to clip away all the rest of Contra Costa County;

Recalculate the areas of the partial Census-Tracts for Richmond only;

A e

And then recalculate the raw figures (populations, housing, etc) for the partial Census-Tracts of
Richmond itself.

I will continue to use QGIS to show how this is done. The process is identical in ArcMAP; all that differs is the
method. In ArcMAP, the geoprocessing functions can be found in the Toolbox panel. In QGIS, they are
organized under the drop-down menus from the top, like most forms of software.

Note: I have run out of time to annotate this tutorial. I am posting the PDF with screen-shots only. Hopefully
most of the example will be clear. PC

1. Chunk down the FactFinder CSV even further.

Before joining my Census data to my shapefile, I shaved down the data to only 5 fields and saved the file as
“mvin.csv”. That way, when I join it, the Attribute-names will be reasonably short.

kg mvin.csv - LibreOffice Calc
File Edit View Insert Format Tools Data Window Help

B-EH-HEDa2a Y ADD %9 -%-440 8V +8
2 H_-J Liberakion Sans w10 A Lj .’j M = E EE § 5§ oooomn S E E'*'i:”"-"
= 0 = = vi g L =
| A [ B - D E. G
Eheading | GEOQid2 Tract TotUnits occunits mv2010I
) 2 |06013301000 tract 3010 19100 1526 231
': 3 (06013302005 ftract 3020.05 2359 2166 263 b
£ 4 |0B0OL3302006 |tract 3020.08 1302 1220 97

To bring the CSV into QGIS, I then take that extra step of creating a CSVT text file that describes the data:

[} |
File Edit View Projects Bookmarks Sessions Tools  Setktings

@ New L Open ¢ Previous Document i& MNext Document ¥ |

" “string","string","integer", "integer", "integer”

A,

=]
¥
-

Two more things to note about CSVT files. FIRST: they can specify only three types of data: text string, whole
number integer, and real numbers with decimal places. The file I am joining only has “string” and “integer”
data, but if I had a field with fractional/decimal data I would specify “real”.

SECOND: if you are using a Mac, the most basic text editor is called TextEdit, and ironically, it cannot save as
raw text (.txt) files by default! Here is the fix: 1) start TextEdit. 2) Open the Preferences dialog. 3) Under New
Document Format, click the Plain Text option. 4) under Saving, make sure to check the box ‘Append “.txt”
extension to plain text files.’
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2. Join the CSV file to the Tracts shapefile.

Create a Layer from a Delimited Text File & e o &

= onf2014/SFSUfUSP492 Spldfassignments/Ex09_CensusToTICER/Part1_prepFactFinderZ_data/mvin.csv Browse...

ne mvin Encoding | UTF-& w
at > G5V (comma separated values) ) Custom delimiters _ Regular expression delimiter
ikions Mumber of header lines to discard 0 | |+ Firsk record has field names

ons | Trim fields | | Discard empty fields | | Decimal separator is comma

¢ definikion . Puint coordinates @ Well known text (WKT) ® Mo geometry (atkribute anly table)

The File contains enly attribute infarmation - it will not be displayed on the map

Now, add the CSV file to QGIS via Layer > Add delimited text layer... which brings up the Create a Layer
from a Delimited Text File dialog (above). Note that if you have coordinate-data in a CSV file, you could turn
it into a spatial layer right away upon import. However we will specify No geometry (attribute only table).

[ ¥ @ Layer Praperties - cec tracts_ timmed  Then double-click the Tracts shapefile
| . e layer (or right-click and select
& General M “Properties™), and in the left-hand pane,
o AETRED Join field Target field select Joins. In the right-hand panel,
& min GECIdZ GECid click the green plus-sign at the bottom.
(abe| Labels Choose the “mvin” file to join it.
= Fields
Display b
é\@} Actions I
U(? Juins
|-I|_ Riaarams G |—:r+;—| i
™ Addvectorjoin 12 0 2 30 After all our grief with GEOid fields, here is the moment where
they must line up in order for the join to succeed.
Join layer muin v ) ) ) ) o )
Note: there is another option, which I noticed as I was building this
Juin field GEDid2 v

tutorial. Shapefiles downloaded directly from FactFinder many not

Target Field | GEOId v | include the 11-digit GEO.id2 field, but the do include the original,

20-digit GEO_ID field. Tabular data downloaded from AFF in CSV
: j formal also includes this GEO_ID field. The reason I disregarded

| JiEaetratbtisute ndona i el that older, longer geocode was that I built this tutorial off of older
W 0K || @ Cancel tutorials. In the future I will just work with the full GEO_ID field.

+'| Cache join layer in virtual memary

Below is the attribute table for this example. Both QGIS and ArcMAP include the CSV filename and the field
name in the header, so if your file name was long, your header name may be difficult to read unless you make
the columns very wide.

1/ - Aktribute table - coc tracts_trimmed o Features total: 207, filtered: 207, selected: 0
o —a
B &5 (S 8% 3 )| Bk E

MAME Al GEQid 3 area_sqm $ area_acre : mvin_Track ¢ mwin_TetUnits ©  mvin_occunits  © mwin_mv2010lt ¢
0 3020.08 06013302008 6143394 1518.066 | tract 3020.06 1302 1220 97
1 3031.02 06013303102 6525422 1612.467 | tract 3031.02 2365 2186 180
2”' 313102 06013313102 2004341 495 432 | tract 3131.02 1415 1257 135
3“' 3132.06 06013313206 1718676 424 694 tract 3132.06 b 1639 1545 249
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3. Save As a new file with data permanently joined.

Under some circumstances you may want to keep the data-joins temporary, especially if you are working with
huge and constantly-changing sets of data. In our case, a permanent is useful so that it is easier to move our
data around (from home machine to laptop to HSS lab), and to avoid any problems with the Field Calculator,
which we are about to use a lot.

4 @ Save vector layer as... & e e
Farmat ESRI Shapefile v
Save as :53é:Censu.s'i'n-'I"I'-G'E-Ft;f'F-’artE;iu-in'ing+anal;i'si-sfr':cc_.s-ﬁapesf.ccc_i:'raEi:s_&atéjlo.ined.s-ﬁp- Browse ]
Encading | System v

| Layer CR5 v |
CRS
. Browse
Symbalogy export | Mo symbology v |

I saved mine as a shaefile called “ccc_tracts datajoined”.

. P = P S E % L, Pl g
F.J B 3R &L D3 & L g
LR e @ ' Saving done: Export to vector file has been completed
FEmin
T

L
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4. Normalize the data: calculate densities for each spatial attribute.

Remember: all we have is county-wide data from FactFinder. Later we will clip away everything but
Richmond data. In many places, 5/7ths or 1/9th of a tract may lie within Richmond. How will we know how
many houses lie within these fractions of whole tracts? For this exercise, we will assume that the entities are
evenly-distributed across the tract (In more detailed analysis you could show how distributions are uneven, and
process the data differently). If we assume that the items (houses, people, recent move-ins) are evenly
distributed, then we can calculate simple densities based on the area of each tract.

L

Field calculakor

| Only update selected features

| Create a new feld

Output Field name  du_ac

Qutput field type

Output field width (10 &

Function List

' 3

¥~ Geomekry
>~ Record
v

Fields and Values

MAME
GEDid
area_sqm
area_acre
mivin_Track
mvin_TatUn
mvin_occun
mvin_my201

Operators

Expression

Decimal number (real)] w
Precision &

Selected Function Help

R B

Update existing feld

~
—

string.

Doukle click to add fizld name to expression p

A

W

:| Field Values
A

| Load all unique values ||

Load 10 sample values |

‘ "mvin_TotUn" | "area_acre"

Qukpuk preview:

| E:, Help |

085 7e7 215871863

¥ 0K b @ Cancel |

RELEASE THE FIELD CALCULATOR!!!

Okay, I am getting a bit loopy while compiling
this tutorial. But seriously: make a nice short
Field name. In this case, | am using the well-
known planning term for dwelling units per acre:
“du_ac”.

Set the Precision to at least three decimal places.
In my case, I am going for higher precision to
begin with, and then I will step-down the
precision as I pull in coarser data.

The Expression is pretty straightforward.
However, a typo can cause trouble with the
finicky syntax. So I just double-click the items in
the Function list that I want to add to the
Expression.

In this case the Qutput preview is misleading.
The fact that anything shows up means that the
Expression is valid, but it will not calculate to
twenty decimal places.

I use the same method with the Field calculator to normalize the remaining data:

*  “mvin_occun” > “ocdu_ac”; Precision 6; Expression = “mvin_occun” / “area_acre”
*  “mvin_ mv201” > “mvinl0 ac”; Precision 6; Expression = “mvin_mv201”/ “area_acre”

Once I calculated these density fields, I deleted the raw-number fields: )
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MAME
GEDid
area_sqm
area_acre

PR

ebail e e

du_ac
ocdu_ac
mvin10_ac

o OKb | @ Cancel |



5. Now get the city boundary file of Richmond.

As in the previous tutorial, [ am going to FactFinder to get this shapefile. Under Geographies, go to the
second tab, Name, and search for “Richmond, California”. Under Geography Filter Options, select “City or
Town”. Then in the Geography Results pane, select “Richmond city, California”. This now appears in the left
panel under Your Selections. Then click the Map tab in the Select Geographies pane.

Your Selections Search Results: 7-25 of 25,007 tables and other products match "Your Selections’

Search using...

Place within State
Richmond city, California €3

clear all selections and
start a new search

Search using the options below:

Topics ’
(age, income, year, dataset, ...)

(states, counties, places, ._)

Geographies -

Race and Ethnic Groups
(race, ancestry, tribe)

Industry Codes ’
(NAICS industry, ...}

EEO Occupation Codes ’
(executives, analysts, )

Select Geographies
Address Map

Enter a geography name or use the Geography Filter Options below:

|Enler a geography name (Alabama, Marengo County, ) m 7]
Your Geography Filters Richmond city, California successfully added to Your Selections.
Search Select from:

"Richmond city, California” €3 @ most requested summary levels © all summary levels © individual blocks

clear all fiters Geography Results: 7-4 of 4
Geography Filter Options Selected: = | Add El Check All 1| Clear All

— Geographic Type Geography Name ~  Geography Type
City or Town (1)
Censuq “act (1) il Richmond city, California Place within State
Block (1) All Blocks within Richmond city, California Block
I EAdEZEIA LT & All Census Tracts (or parts) fully within/partially within Richmond Census Tract (or
+ Summary Level city, California within Place

A Within P anme

After a few moments a preview of your shapefile will appear. Click the Download icon (note the yellowed
cursor’s position in the screnshot below).

Your Selections

Search using...
Place within State
Richmond city, California €

clear all selections and
start a new search

Search Results: 7-25 of 25,007 tables and other products match "Your Selections’

|
Select Geographies
Address

Search using the options below:

(age, income, year, dataset, ...)

Topics ' ‘

(states, counties, places, ..)

Geographies -

Select Geographies v
Select O
State -

from the map using one of the following
selection tools:

Race and Ethnic Groups
(race, ancestry, tribe)

(NAICS industry, ..)

Industry Codes > ‘

Legend v

(executives, analysts, )

EEO Occupation Codes ’ ‘

Boundaries
) state
'13 County

As in the previous tutorial, you will need to load this shapefile, then Save As and specify the WGS 84/UTM

Features
Major Road
Street
Stream/Waterbody
undefined
Your Selections
ltems in grey text are not visible at this
zoom level

IModify the map using the options below: | [=] \ \ - ¢

Zone 10 North projection. Then reload it into the same workspace as your “ccc_tracts_joined” shapefile.
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The next thing I did was open the Layer Properties of this shapefile, go to the Style pane, and set the
Transparency of the layer to about 50% (screenshot below).

. Jf (59) Layer Properties - Richmond_wgs84utm
|~ Style
x General M
| I| || w Layer rendering
!@ Style Layer transparency L
Labels Layer blending mode | Mormal ~ | Feature blending mode | Normal
Fields i | & single symbol v |
R .. ir 2N
| Display | ~ Unit Millimeter N
|
Eog Actions  Transparency 54% e
Oé Joins Color gﬁ
Il St pr—
Layers W

This overlay reveals the disturbingly
irregular geometry of the city boundaries
of Richmond. On the Southeast,
Richmond wraps around EI Cerrito on
the west and east. In the middle,
Richmond wraps completely around San
Pablo, and just west of that, North
Richmond has a sliver that extends west

' to the county border. In the northeast it

{ has a complex, interdigitated border with
El Sobrante and unincorporated county
land. This deserves a research paper.

: v +| [0 Richmond wg...i
| ‘ T
v | [ cee_tracts_da...

~H

6. Clip the County shapefile using the city boundary file.

In any case, I can now clip my “ccc_tracts_datajoined” shapefile using Richmond’s boundary.
*  Vector > Geoprocessing Tools > Clip
* Input vector layer: the Tracts file with the data.
*  Clip layer: the city boundary file.
*  Output shapefile: {path}/richmond_tracts.shp

Remember, it will only work if both shapefiles are in the same datum / projection. If successful, QGIS will
offer to add it to the current workspace. As you can see, what remains is only the land-area of the tracts within
the city of Richmond (in green).

Layers o X%

[ |+| (4 richmond Era...

| ‘ I_.

| v— | [ Richmond_wy...
—N

v & 09 cec_tracts_da...

-l
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7. Recalculate the data for the clipped tracts.
In the screenshot below you can see that the clipped shapefile retains the Attribute data of the county (yay!).

Layers R
um 3_{ T ‘?.' i) Attribute table - richmond_tracts :: Features total: 40, Filtered: 40, selected: 0
- J)BJ| %8 % E) 8 %)) 3| & B &
NA_ME_ vi_ i GEQid E_ area_sqm ; area_acre E_ duac oc@u_ac _E mvin10_a_c 5_

1g | 3560.02 | 06013356002 106148750 | 26229.930| 0.077888| 0.076859|  0.008692]
4o 3601.01 06013360101 | 3901776  964.150| 1.660706 1677125 0.070528
34 3601.02 | 06013360102 | 6184931 1526330 1.029228| 1.013525  0.081789
37 3602 06013360200 | 2247279  555.315| 3455696 3163970 0367359
42 3610 06013361000 15935381 | 3037.719| 0.466768| 0421310 0037585
o0 /3620 (06013362000 |  1296006|  320.250| 3.725215| 3.294301|  0.193599
32 3630 06013363000 | 4422849 1092.910| 2.583927 2.443013| 0214107
aal 364007 | 0RO13364007 1" qo9t091 | 497 009l IR07TIE&| I 8EITA1 0144306

I @ Field caleulator 2 & & = Using the Field Calculator, the first step is to

calculate the area of the clipped Census Tracts.
| Only update selected features

| Create a new feld Update existing feld Name: “r_area_sqm”

2 - Type: “Decimal number (real)”
Precision: 6

Output Field bype | Decimal number (real) v NAME V.| Expression: $area

Output Field width 10 c Precision |E [q]

Oukput field name '.r_érea_sqm

Then I use the Field Calculator to calculate the

Function List Selected Function Help acreage of each Tract-remainder:
& 5 . "
l'_-'-—'_ar-:h $area function 5 1;;;:;?'“552::;;81 number (real)”
{ Open.atlors : Returns the area size of the . e .
> Cuniltwnals B e Precision: 3 [because my conversion number only
>~ Mat .
i e e | s has 3 decimal places]
>~ Date and Time Expression: “r_area_sqm” / 4046.856
>~ String $area - -
>~ Color
v Geometry Arguments
- xat
yat Maone
g.laer:;th — Example . :
| Sperimeter av Eoiad _, ign nt
Operators
losalis Mo o follon Bt Bl B Gl di)
Expression
. garea

Oukpuk preview: 732328708549718

| & Hetp | "4 DKb @ cancel

Finally, I use the density-fields to recalculate estimated raw numbers for Dwelling Units, Occupied Dwelling
Units, and Move-ins postdating 2010. The resulting Attribute Table is shown below.

99 s <

e “du_ac”>“r_du”; Type: real; Precision: 3; Expression = “du_ac
*  “ocdu_ac”>“r_occdu”; Type: real; Precision: 3; Expression = “ocdu_ac
*  “mvinl0_ac” > “r mvin2010”; Precision 3; Expression = “mvinl10_ac” * *

T_acres”
” * “r_acres”
r_acres”

ey e e

e 7 @ Attribute table - richmond_tracts :: Features tatal: 40, filtered: 40, selected: 0 & &
<l / richmond _tr... fi = i i . -
i 7)B)|Lal|&) ) 8] P)0 )| B8
MAME ¢ GEOid i areasqm : area acre ! du_sc 3 ocdu_ac L mvinl0_ac | rarea_sqm racres ! rdu ¢ or_ecc_du Er_muin2010
4 [3560.07 | 06013356002 106148750 26223.930( 0.077888| 0076853 0.008631|  736290.106000 181341 14171 13.984 1.581
45 360101 08013360101| 3801776 986150 1.860706| 1677125 0070528 1043032.250000|  250.738| 479.576 431280 18.178
34360102 | 06013360102| 6184931 1528.330| 1.029228| 1013525 0081789 3400796500000 640355 864917 851721 £8.732 |
37 3602 06013360200  2247278| 555315 3.455696| 3.163970| 0367359 1087455030000 271187 937140 B858.018 90,623
12 3610 05013361000 15935381| 3937.713| 0.466768| 0.421310| 0037585 14331217.500000) 3541.321| 1652975 1491984  133.101|

USP/PLSI 492: Research Methods: Join, Normalize, Clip, Analyze shapefiles 7



8. Clean up the clipped shapefile.

For this step, I am going to be a little conservative and “Save As” this shapefile as a separate copy that I cam
going to clean up. I will keep both shapefiles loaded so that I can compare them and make sure I have not
cleaned off too much.

."f i Save layeras.. & e X

x g 1l [

i ¢>4Cm po——1[) M &

H o

E D) » Ex09_CensusToTIGER » Part3_joining+analysis » Richmond_bdy

| chron2014

— i I'{ 160_00.shp ,;('l Richmond_was&4utm shp

- Al I richmand_tracts shp

= fam |
v

i nean

Name: [‘fﬁ richmand_tracts_cln|shp L% VJ |

Fileer:  £R! shapefile [0GR] Qv
v Automatically select filename extension (shp)

Then, using the Attribute Table (below), I seek out any tiny scrap polygons that have no area and effectively no
data. Record #4 has an area of 0.000003 square meters; that is a sliver-artifact that should just be deleted.

j‘f ) Aktribute table - richmond_tracts_cln :; Features tokal: 40, filtered: 40, selected: 1 g
718 |w)&:) w2 8% 1P 6 B BB 2

MAME _sqm g area_acre 3 du_ac : ocdu_ac : mvin1d_ac ; r_area_sqm : r

G

13870 g0z03z 198.187 5868195 5474627 0.565123 178.071583

3660.01 | 06013366001 | 1011113 248852 5287130 4794538 0.400237 1159.218280

£

a

4 3680.02 06013368002 EEEESSE 165137 5764810 5262297 0.775114/ 0.000003
5 3740 !060133?4000 994035 245.632 T.94EB4? T.165190 0.346?95 994035.398000
6 |/ 3820 |06013382000 | 1942415 479.981 5.881483 5185622 1.050042| 1940511.110000

; Prnject Edit  Wiew Layer Settmgs Plugins Wector Raster Datal When I find a record that mlght be a candidate for

ﬁ : Q}} . deletion, I can also visually inspect it with the
Zoom to selection tool. Here I can see that the

X . % ‘g sliver is the artifact of a slight mismatch between

I Layers the Census Tract and city-boundary polygons.

There were only about 50 entities in the shapefile,
so I could scroll up and down the calculated area
Attribute to remove the “shavings” from the
clipping process. Since the Tract file and the City
file were both in the same datum/projection, and
both shapefiles came from the Census Bureau, [
am going to assume that these little variations are
not caused by disagreements between my data-
sources.

v— /| [ richmond_tra...

-l

The last part of the cleaning-process is to change the initial clip-layer to bright red, and do a visual inspection
of the overlying cleaned file. In the screenshot below I find two little areas that poke out (near the cursor), and
they are about the size of a shopping-cart. Once I am satisfied that [ have a properly clean shapefile I unload
the previous- step clip file and move on with analysis.

e - - s " B - . —

Layers < X

il - ¢ IJ-' richmond_tra..

v—LEJ l;j rlthmnnd tra..
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9. Create a choropleth map
Here I am going to create a choropleth map of the relative density of recent move-ins. For this analysis I use
the Field Calculator to generate another attribute: “mvin2xst”. The equation is:

“r_mvin2010” / “r_occ_du”

Then I go Layer properties > Style (the Symbology tab in ArcMAP) and select Graduated Symbols:

P Layer Properties - richmand_tracts_cln & @ o X
Skyle
& General -
w Layer rendering
r
&??T Sl Layer transparency ", 0 4]
Layer blending mode Marmal » | Feature blending mode Marmal 4
| o Graduated v
Display Column | mvinZxst i
() Aci bol | B | Classes [5 3|
: Actions Symbo ange... s5e5 | v
Bl
U{: i EColorrﬂmp | -YlDer v | Made | Matural Breaks (Jenks) |
s . Symbol A Walue - Label
|/ ¥ | Diagrams
‘J:] g 0.0420 - 0.0650 04- 06%
Metadata 0.0650 - 0.1020  06.5-10%
01020 - 01370 10.2-13.7%

01370 - 0.1590  13.7-15.9%

I manually retype the data into more human-readable form, because the Label field is the one that will be used
for final displays of this map.

| Project Edit  View Layer Settings Pluging  Vector Raster Dat  Finally, I have created a choropleth map of

——,

T ¥ = & 1 elalal . Richmond, showing the proportion of
: ep B = - : ’
: @ + | &C) d _/’;} p J;" 2 V"_—-f R Qx households that moved in after 2010.

12 o i & e /K @ TS L’-‘ - IfI want to add any more Census data to this
Layers e shapefile, I will need to step back to the Contra
vl e Costa shapefile, join tract-level data to that,
E ] 04-0s% calculate densities with that whole file, and then
06.5 - 10% use the Richmond City boundary file to clip.
10.2-13.7%
13.7-15.9% Or, if I know that I will be doing that repeatedly,
159 -23.7%

I can set up a “clip-ratio” field where I calculate
the proportion of each county tract that lies in
Richmond, and then calculate fractions directly.
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