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What are
Spatial Statistics?



Spatial statistics are a set of exploratory techniques
for describing and modeling spatial distributions,
patterns, processes, and relationships



They aren’t just traditional statistics that Aappen to be
applied to spatial data.

They use geography in their calculations.
Proximity, coincidence, connectivity, shape, direction...



That's all true.
But it's actually a lot more exciting than it seems!
And a lot more important.



Spatial statistics extend what our eyes and our
minds do naturally whenever we look at a map



Turning data into information
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SR20-0546 Pothole ir PHF
S5R20-05

wepData or Information?

SR20-05
SR20-05-

CDAT - De Open

sssSpPreadsheets

SR20-05%u Fuwnoie i #nr
SR20-0548 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0548 Pothole ir PHF
SR20-0548 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0548 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0543 Pothole ir PHF
SR20-0534 Pothole ir PHF
SR20-0528 Pothole ir PHF
SR20-0525 Pothole ir PHF
SR20-0517 Pothaole ir PHF
SR20-0517 Pothole ir PHF
SR20-0517 Pothole ir PHF
SR20-0517 Pothole ir PHF
SR20-0517 Pothole ir PHF
SR20-0517 Pothole ir PHF
SR20-0507 Pothole ir PHF
SR20-0507 Pothole ir PHF
SR20-0504 Pothole ir PHF
SR20-0502 Pothole ir PHF
SR20-0502 Pothole ir PHF
SR20-0502 Pothole ir PHF

LA - e e
CDOT - De Cpen
CDAT - De Open
CDAT - De Open
CDAT - De Open
CDAT - De Open
CDOT - De Open
CDOT - De Open
CDOT - De Qpen
CDOT - De Qpen
CDOT - De Qpen
CDOT - De Cpen
CDAT - De Open
CDOT - De Complete
CDOT - De Complete
CDOT - De Complete
CDOT - De Complete
CDOT - De Complete
CDOT - De Complete
CDOT - De Complete
CDOT - De Complete
CDOT - De Complete
CDOT - De Complete
CDOT - De Complete
CDOT - De Complete
CDOT - De Complete
CDOT - De Complete
CDOT - De Complete
CDOT - De Complete

11/16/2020 10:51

11/16/2020 9:24
11/16/2020 9:15
11/16/2020 9:17
11/16/2020 9:22
11/16/2020 9:23
11/16/2020 9:16
11/16/2020 9:21
11/16/2020 9:16
11/16/2020 9:18
11/16/2020 9:22
11/16/2020 9:34
11/16/2020 9:20
11/16/2020 9:27
11/16/2020 9:23
11/16/2020 9:18
11/10/2020 20:13
10/27/2020 14:53
10/16/2020 14:42
10/12/2020 14:59
9/30/2020 15:56
9/30/2020 9:44
9/30/2020 9:38
9/29/2020 21:01
9/29/2020 19:50
9/29/2020 18:42
9/16,/2020 17:13
9/16,/2020 11:08
9/12/2020 11:32
9/9/2020 10:29
9/9/2020 10:22
9,/9/2020 8:28

SR_NUMB!SR_T\"PE SR_SHORTOWMNER_LCSTATUS CREATED_DATE LAST_MODIFIED_DATE CLOSED _DATE

11/16/2020 10:51

11/16/2020 9:24
11/16/2020 9:15
11/16/2020 9:17
11/16/2020 9:22
11/16/2020 9:23
11/16/2020 9:16
11/16/2020 9:21
11/16/2020 9:16
11/16/2020 9:18
11/16/2020 9:22
11/16/2020 10:00
11/16/2020 9:20
11/16/2020 9:27
11/16/2020 9:23
11/16/2020 9:18
11/16/2020 9:50
11/16/2020 9:42
11/16/2020 9:41
11/16/2020 9:42
11/16/2020 9:54
11/16/2020 9:41
11/16/2020 9:41
11/16/2020 9:57
11/16/2020 9:49
11/16/2020 9:49
11/16/2020 9:46
11/16/2020 9:27
11/16/2020 9:45
11/16/2020 9:42
11/16/2020 9:42
11/16/2020 9:44

STREET_AICITY STATE
2051'W ERIE 5T

7159 5 CICERO AVE

3025 N MANGO AVE

8519 5 CONSTANCE AVE
2633 5 HARDING AVE

2600 W 73RD 5T

3786 W HAYFORD 5T

8100 5 CENTRAL PARK AVE
8501 5 KNOX AVE

8501 5 KILPATRICK AVE
4010 W 715T 5T

44719 W B15T 5T

8000 5 CENTRAL PARK AVE
3413 W B3RD PL

8514 5 KOLMAR AVE

2717 N LEHMANN CT

8701 5 WESTERN AVE

7304 5 RICHMOND 5T
2500 W 73RD 5T

8350 5 HOMAMN AVE
11/16/2020 9:50 8164 S SOUTH CHICAGO AVE
11/16/20209:42 2849 S SPAULDING AVE
11/16/2020 9:41 3547 W 26TH 5T
11/16/20209:42 2848 S SPAULDING AVE
11/16/20209:54 3627 W 27TH ST
11/16/20209:41 3547 W 26TH 5T
11/16/20209:41 3519 W 26TH 5T
11/16/2020 9:57 4037 W 26TH ST
11/16/20209:49 3612 W 30TH ST
11/16/20209:43 3614 W 28TH ST
11/16/2020 9:46 3400 W 28TH ST
11/16/20209:27 3258 S KARLOV AVE
11/16/2020 9:45 3030 S CHRISTIAMA AVE
11/16/20209:42 2849 S SPAULDING AVE
11/16/20209:42 2850 S SPAULDING AVE
11/16/20209:44 2800 S KEDZIE AVE

60612
60629
60634
60617
60623
60629
60852
606852
60652
606852
60629
606852
606852
606852
606852
60614
60820
60629
60629
606852
60617
60623
60623
60623
60623
60623
60623
60623
60623
60623
60623
60623
60623
60623
60623
60623

I M o P O R
ZIP_CODE STREET_M STREET_DISTREET_M. STREET_ThDUPLICAT LEGACY_R |
2051 W ERIE 5T FALSE FALSE
7159 5 CICERO  AVE FALSE FALSE
3025 N MANGO AVE FALSE FALSE
8519 5 COMNSTAN AVE FALSE FALSE
2633 5 HARDING AVE FALSE FALSE
2600 W 73RD 5T FALSE FALSE
3786 W HAYFORD ST FALSE FALSE
8100 5 CENTRAL | AVE FALSE FALSE
8501 5 KNOX AVE FALSE FALSE
8501 5 KILPATRIC AVE FALSE FALSE
4010 W 715T 5T FALSE FALSE
44719 W 815T 5T FALSE FALSE
8000 5 CENTRAL [ AVE FALSE FALSE
3413 W 83RD PL FALSE FALSE
8514 5 KOLMAR AVE FALSE FALSE
2717 N LEHMAMNNCT FALSE FALSE
8701 5 WESTERN AVE FALSE FALSE
7304 5 RICHMOMN 5T FALSE FALSE
2500 W 73RD 5T FALSE FALSE
8350 5 HOMAN AVE FALSE FALSE
8164 5 SOUTH CHAVE FALSE FALSE
2849 5 SPAULDIMN AVE TRUE FALSE
3547 W 26TH 5T TRUE FALSE
2848 5 SPAULDIN AVE TRUE FALSE
3627 W 27TH 5T FALSE FALSE
3547 W 26TH 5T TRUE FALSE
3519 W 26TH 5T FALSE FALSE
4037 W 26TH 5T FALSE FALSE
3612 W 30TH 5T FALSE FALSE
3614 W 28TH 5T FALSE FALSE
3400 W 28TH 5T FALSE FALSE
3258 5 KARLOV AVE FALSE FALSE
3030 5 CHRISTIARN AVE FALSE FALSE
2849 5 SPAULDIN AVE TRUE FALSE
2850 5 SPAULDIN AVE FALSE FALSE
2800 5 KEDZIE AVE FALSE FALSE
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Data or Information?
Spreadsheets
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SR_NUMBISR_TYPE 'SR_SHORTOWNER_LSTATUS

SR20-0546 Pothole ir PHF

SR20-0546 Pothole
SR20-0546 Pothole ir PHF
SR20-0510 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0546 Pothole ir PHF
SR20-0543 Pothole ir PHF
SR20-0534 Pothole ir PHF
SR20-0528 Pothole ir PHF
SR20-0525 Pothole ir PHE
SR20-0517 Pothole ir PHF
SR20-0517 Pothole ir PHF
SR20-0517 Pothole ir PHF
SR20-0517 Pothale ir PHF
SR20-0517 Pothole ir PHF
SR20-0517 Pothole ir PHF
SR20-0507 Pothole ir PHF
SR20-0507 Pothole ir PHF
SR20-0504 Pothole ir PHF
SR20-0502 Pothole ir PHF
SR20-0502 Pothole ir PHE
SR20-0502 Pothole ir PHF

- De Open
-DeOpen
- De Open
-DeOpen
- De Open
-DeOpen
-DeOpen
- De Open
-DeOpen
- De Open
-DeOpen
- De Open
-DeOpen
- De Open
-DeOpen
- De Open
-DeOpen
- De Open
-DeOpen
-DeOpen
- De Complete
- De Complete
- De Complete
- De Complete
- De Complete
- De Complete
- De Complete
- De Complete
- De Complete
- DeComplete
- De Complete
- DeComplete
- De Complete
- DeComplete
- De Complete
- De Complete

I3

CREATED_DATE  LAST_MODIFIED_DATE CLOSED_DATE

11/16/2020 10:51.
11/16/2020 11:06
11/16/2020 10:26.
11/16/2020 11:08
9/21/2020 10:03
11/16/20209:24
11/16/2020 9:15
11/16/2020 9:17
11/16/2020 9:22
11/16/2020 9:23
11/16/2020 9:16.
11/16/2020 9:21
11/16/2020 9:16.
11/16/2020 9:18
11/16/20209:22
11/16/2020 9:34
11/16/2020 9:20
11/16/2020 9:27
11/16/20209:23
11/16/2020 9:18.
11/10/2020 20:13
10/27/2020 14:53
10/16/2020 14:42
10/12/2020 14:59
9/30/202015:56
9/30/2020 9:44
9/30/20209:38
9/29/2020 21:01
9/29/2020 19:50
9/29/2020 18:42
9/16/202017:13
9/16/2020 11:08
9/12/2020 11:32
9/9/2020 10:29
9/9/2020 10:22
9/5/20208:28

G

11/16/2020 10:51
11/16/2020 11:06
11/16/2020 10:26
11/16/2020 11:11
11/16/2020 10:41
11/16/20209:24
11/16/20209:15
11/16/20309:17
11/16/20209:22
11/16/20209:23
11/16/20209:16
11/16/20209:21
11/16/2020 9:16
11/16/20209:18
11/16/20209:22
11/16/2020 10:00
11/16/2020 9:20
11/16/20209:27
11/16/20209:23
11/16/20209:18
11/16/20309:50
11/16/2020 9:42
11/16/20309:41
11/16/2020 9:42
11/16/20209:54
11/16/2020 9:41
11/16/20209:41
11/16/20209:57
11/16/20209:49
11/16/2020 9:49
11/16/20209:46
11/16/20209:27
11/16/20209:45
11/16/2020 9:42
11/16/20209:42
11/16/20309:44

| J K
STREET_AICITY STATE
2051 W ERIE ST
7159 § CICERO AVE
3025 N MANGO AVE
8519 S CONSTANCEAVE
2633 S HARDING AVE
2600 W 73RD ST
3786 W HAYFORD ST
2100 S CENTRAL PARK AVE
8501 S KNOX AVE
8501 5 KILPATRICK AVE
4010 W 71ST ST
2419 W 815T ST
8000 S CENTRAL PARK AVE
3413 W 83RD PL
8514 S KOLMAR AVE
2717 N LEHMANN CT
8701 S WESTERN AVE
7304 S RICHMOND ST
2500 W 73RD ST
8350 S HOMAN AVE

11/16/2020 9:50 8164 S SOUTH CHICAGO AVE
11/16/2020 9:42 2849 S SPAULDING AVE
11/16/2020 9:41 3547 W 26TH ST

11/16/2020 9:42 2848 S SPAULDING AVE

11/16/2020 9:54 3627 W 27TH ST
11/16/2020 9:41 3547 W 26TH ST
11/16/2020 9:41 3519 W 26TH ST
11/16/2020 9:57 4037 W 26TH ST
11/16/2020 9:49 3612 W 30TH ST
11/16/2020 9:49 3614 W 28TH ST
11/16/2020 9:46 3400 W 28TH ST

11/16/2020 3:27 3258 S KARLOV AVE
11/16/2020 9:45 3030 S CHRISTIANA AVE
11/16/2020 9:42 2849 S SPAULDING AVE
11/16/2020 9:42 2850 S SPAULDING AVE
11/16/2020 9:44 2300 S KEDZIE AVE

L

ZIP_CODE STREET_N STREET_DI STREET_N. STREET_T\ DUPLICAT LEGACY_R LEGACY_S PARENT_S COMMUN WARD

60612

60623

M

[¢] Q R
2051 W ERIE ST FALSE = FALSE
71595 CICERO  AVE FALSE = FALSE
3025 N MANGO AVE FALSE = FALSE
85195 CONSTAN AVE FALSE = FALSE
2633 S HARDING AVE FALSE = FALSE
2600 W 73RD sT FALSE = FALSE
3786 W HAYFORD ST FALSE = FALSE
2100 S CENTRALIAVE FALSE  FALSE
8501 S KNOX  AVE FALSE = FALSE
85015 KILPATRIC AVE FALSE = FALSE
4010 W 715T ST FALSE = FALSE
2413 W 815T ST FALSE = FALSE
8000 S CENTRALIAVE FALSE = FALSE
3413 W 83RD PL FALSE = FALSE
85145 KOLMAR AVE FALSE = FALSE
2717 N LEHMANN CT FALSE = FALSE
87015 WESTERN AVE FALSE = FALSE
7304 S RICHMON ST FALSE = FALSE
2500 W 73RD sT FALSE = FALSE
8350 5 HOMAN AVE FALSE = FALSE
2164 S SOUTH CHAVE FALSE  FALSE
2849 5 SPAULDIN AVE TRUE | FALSE
3547 W 26TH ST TRUE  FALSE
2848 5 SPAULDIN AVE TRUE | FALSE
3627 W 27TH ST FALSE = FALSE
3547 W 26TH sT TRUE | FALSE
3519 W 26TH ST FALSE = FALSE
2037 W 26TH sT FALSE = FALSE
3612 W 30TH ST FALSE = FALSE
3614 W 28TH sT FALSE = FALSE
3400 W 28TH ST FALSE = FALSE
32585 KARLOV AVE FALSE = FALSE
3030 5 CHRISTIANAVE FALSE = FALSE
2319 5 SPAULDIN AVE TRUE | FALSE
2850 5 SPAULDIN AVE FALSE = FALSE
2800 S KEDZIE  AVE FALSE  FALSE

o

SR20-0502
SR20-0517
SR20-0502

SR20-0517

SR20-0502

24
65
19
a5
30
66
70
70
70
70
65
70
70
70
70

7
72
66
66
70

26
18

22
18
18
18
18
18
13
18
18
18
18
a3
19
18
18
18

2
2
22
2
22
22
22
22
22
22
22
2
22
2
2

w X
ELECTRICA ELECTRICT POLICE_SEPOLICE_DIPOLI

K021
E039
BO15

2

B W W W W W W W W W W W W W W W W e W

min
max

std(X



Data or Information?
Maps
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Spatial Analysis & Data Science

Sl

Visualization Spatial Machine Modeling Sharing &
Engineering & Exploration Analysis Learning & Al Analytics & Scripting Collaboration




What's new?

» Data Engineering

Explore
Visualize
Clean
Prepare

* Dimension Reduction

* Neighborhood Summary Statistics
* Density-based Clustering with Time
» Spatial Association Between Zones



Data Engineering

» Getting your data ready for analysis
« What's my data really look like?
* What's missing?
* What's wrong?
* What can you add?
* What should you transform?

The Fun Stuff



Demo
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111 Count of people within the... * _ Fioid Al Field Type  Number of Nulls
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1! Count of people within the...
171 Count of people within the...
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Dimension
Reduction




variance
Variables... they vary!

Variance in explanatory variables help us
predict variance in the outcome variable



2019 Per Capita Income

2019 Average Household Income

2019 Disposable Income <515000: Percent

2019 Disposable Income 513000-524%%9 : Percent
2019 Disposable Income 5253000-534%99 : Percent
2019 Disposable Income 535000-54%%99 : Percent
2019 Disposable Income $530000-574%99 : Percent
2019 Disposable Income 573000-59%9%99 : Percent
2019 Disposable Income $100000-5149999 : Percent
2019 Disposable Income 51530000-5199999 : Percent
2019 Disposable Income 5200000+ : Percent

2019 Median Disposable Income

2019 Average Disposable Income

2019 HH Income 525000-34%99 : Percent

2019 HH Income 575000-99999 : Percent

2019 HH Income 5200000+ : Percent

2019 HH Income 5150000-19%%999 : Percent

2019 HH Income S§100000-14%999 : Percent

2019 HH Income <515000: Percent

2019 HH Income 550000-74%99 : Percent

2019 HH Incorme 535000-49999 : Percent

2019 HH Income 515000-24%99 : Percent

ACS HHs: Inc Below Poverty Level

ACS HHs: Inc Below Poverty Level : Percent

2019 Value: Stocks/Bonds/Mutual Funds : Average
2019 Value: Credit Card Debt: Average

SO
MANY
INCOME

VARIABLES



Reduce the nhumber of explanatory

variables while maintaining as

much Variance as possible



26 income variables

2019 Per Capita Income

2019 Average Household Income

2019 Disposable Income <515000: Percent

2019 Disposable Income 513000-524%%9 : Percent
2019 Disposable Income 5253000-534%99 : Percent
2019 Disposable Income 535000-54%%99 : Percent
2019 Disposable Income $530000-574%99 : Percent
2019 Disposable Income 573000-59%9%99 : Percent
2019 Disposable Income $100000-5149999 : Percent
2019 Disposable Income 51530000-5199999 : Percent
2019 Disposable Income 5200000+ : Percent

2019 Median Disposable Income

2019 Average Disposable Income

2019 HH Income 525000-34%99 : Percent

2019 HH Income 575000-99999 : Percent

2019 HH Income 5200000+ : Percent

2019 HH Income 5150000-19%%999 : Percent

2019 HH Income S§100000-14%999 : Percent

2019 HH Income <515000: Percent

2019 HH Income 550000-74%99 : Percent

2019 HH Incorme 535000-49999 : Percent

2019 HH Income 515000-24%99 : Percent

ACS HHs: Inc Below Poverty Level

ACS HHs: Inc Below Poverty Level : Percent

2019 Value: Stocks/Bonds/Mutual Funds : Average
2019 Value: Credit Card Debt: Average

7/ components

Component 1
Component 2
Component 3
Component 4
Component 3
Component &

Component 7

95% of variance explained



VAR1T VAR3 [VAR4 [VAR4

70%

24%

Percent of Variance Explained

4% 2%
T

PC1 PC2 PC3 PC4

H_I

94%




Percent of Variance Explained

_—> eigenvalue

710%

24%

(o)
4% 29,
T

PC1 PC2 PC3 PC4

94%

eigenvectors



Dimension Reduction Methods

PCA

Principal Component Analysis

Use when the variable
components will be used to

predict a continuous variable

1 2 3

>

LDA

Reduced-Rank Linear Discriminant Analysis

Use when the variable
components will be used to

predict a categorical variable

AJ (8] <)
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PC1 PC2 PC3 PC4



Neighborhood Summary
Statistics



neighborhood
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neighborhood
types



Delaunay Triangulation




Distance Band

.




Distance Band




Number of Neighbors
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Number of Neighbors
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Number of Neighbors
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Contiguity Edges




Contiguity Edges Corners




Generate Spatial Weights Matrix

Swim




Network Spatial Weights




Traditional Robust

Statistics Statistics
Mean Median
Standard Interquartile
deviation range
Quantile
Skewness inl:balalnce
- |7 ‘ 4'
\ )




demo




Density-based Cluste.r.ihg

finds clusters based on feature locations
and time



DBSCAN — defined distance with time
OPT'CS — multi-scale with time



DBSCAN

Density-Based Spatial Clustering of
Applications with Noise

— Groups points as clusters in high density regions
— And mark points as noise in low density regions



OO
o O
ooo
O
O
O
00 O
00 O
Op O
O
O @)
oooo
O Oq,
OCo



High Density Regions




High Density Regions - Clustered

Cluster 1
Cluster 2
Cluster 3
Cluster 4
Cluster 5



Low Density Regions - Clustered

Cluster 1
Cluster 2
Cluster 3
Cluster 4
Cluster 5



Low Density Regions - Noise

Cluster 1
Cluster 2
Cluster 3
Cluster 4
Cluster 5

Noise



How do you define a
high or low density
region?



Using the 2 parameters:

— Search Distance
— Minimum features per cluster



DBSCAN Search Distance = 10 meters

Minimum features per cluster = 10
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High Density Region



DBSCAN

Search Distance = 10 meters
Minimum features per cluster = 10
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Low Density Region



DBSCAN

Search Distance = 10 meters
Minimum features per cluster = 10



How does a
cluster grow?



DBSCAN Search Distance = 5 meters

Minimum features per cluster = 5
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DBSCAN Search Distance = 5 meters

Minimum features per cluster = 5
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Search Distance = 5 meters
Minimum features per cluster = 5
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Search Distance = 5 meters
Minimum features per cluster = 5
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DBSCAN Search Distance = 5 meters

Minimum features per cluster = 5



When time iIs added...




Search Distance = 5 m
Min. features = 5
Time Step Interval = 4 days
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Search Distance = 5 m
Min. features = 5
Time Step Interval = 4 days
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Search Distance = 5 m
Min. features = 5
Time Step Interval = 4 days
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Search Distance = 5 m
Min. features = 5
O Time Step Interval = 4 days
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Search Distance = 5 m
Min. features = 5
O Time Step Interval = 4 days
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Min. features = 5
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Search Distance = 5 m
Min. features = 5
O Time Step Interval = 4 days
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Search Distance = 5 m
Min. features = 5
Time Step Interval = 4 days
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OPTICS

Ordering points to identify the
clustering structure

— Creates clusters based on reachability plot



OPTICS Search Distance = 10 m

Min. features = 5
Time Step Interval = 4 days
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OPTICS Search Distance = 10 m

Min. features = 5
Time Step Interval = 4 days
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OPTICS Search Distance = 10 m

Min. features = 5
Time Step Interval = 4 days




OPTICS Search Distance = 10 m

Min. features = 5
Time Step Interval = 4 days
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OPTICS

Reachability distance
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Reachability distance
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Local Correspondence

Map A
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Global Correspondence

High valuex Area of Red Zone (%)
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Global Correspondence
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Global Correspondence of Map B zones Within Map A zones



Global Correspondence

Map A Map B

\_/
high

. E high



Global Correspondence

Map A Map B

\/
high

. E high

Low valuex Area —
( of Purple Zone (%) + ) - 0.67
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http://esriurl.com/SpatialDataScienceMOOC

Upcoming Offering: October 27 — Dec 8, 2021

https://learn.arcgis.com/en/

http://esriurl.com/spatialstats

Please fill out a survey below
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