/ ’

0, R T e
e/ At
‘L\_

A

What’s New in Spatial Statistics

Lauren Bennett, PhD
Cheng-Chia Huang
Alberto Nieto

Flora Vale

2021 ESRI FEDERAL GIS CONFERENCE

éesri

THE
SCIENCE
OF
WHERE*




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 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

w-pData or Information?

SR20-05
SR20-05-

CDAT - De Open

sssSpPreadsheets

SR20-05%0 Fownoie i #nr
SR20-0548 Pothole ir PHF
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
SR20-0548 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
SR20-0543 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

A B c D E F G H ! J K L M N [¢] 3 Q R S T u v w X Y z A

1 _SLNUMBlSRjVPE SR_SHORTOWNER_CSTATUS  CREATED_DATE LAST_MODIFIED_DATE CLOSED_DATE  STREET_AICITY STATE  ZIP_CODE STREET_N STREET_DISTREET_N. STREET_T\DUPLICAT LEGACY_R LEGACY_S PARENT_SCOMMUN WARD  ELECTRICA ELECTRICI POLICE_SEPOLICE_DIPOLI
2 |SR20-0546 Pothole ir PHF CDOT - De Open 11/16/2020 10:51 11/16/2020 10:51 2051 W ERIE ST 60612 2051 W ERIE ST FALSE = FALSE 24 26 K021 2 12
3 CDOT- De Open 11/16/2020 11:06 11/16/2020 11:06 7159 S CICERO AVE 60629 71595 CICERO  AVE FALSE = FALSE 65 18 E039 3 8
4 CDOT - De Open 11/16/2020 10:26 11/16/2020 10:26 3025 N MANGO AVE 60634 3025 N MANGO AVE FALSE = FALSE 19 30 BO15 1 25
5 |$R20-0546 Pothole ir PHF CDOT- De Open 11/16/2020 11:08 11/16/2020 11:11 8519 S CONSTANCE AVE 60617 8519 S CONSTAN AVE FALSE = FALSE a5 8 U042 1 4
6 |SR20-0510 Pothole ir PHF CDOT - De Open 9/21/2020 10:03 11/16/2020 10:41 2633 S HARDING AVE 60623 2633 S HARDING AVE FALSE = FALSE 30 22 G028 3 10
7 |$R20-0546 Pothole ir PHF CDOT- De Open 11/16/20209:24 11/16/20209:24 2600 W 73RD ST 60629 2600 W 73RD ST FALSE = FALSE 66 18 1039 3 8
8 |SR20-0546 Pothole ir PHF CDOT - De: Open 11/16/20209:15 11/16/20209:15 3786 W HAYFORD ST 60652 3786 W HAYFORD ST FALSE = FALSE 70 18 G040 3 8
9 |$R20-0546 Pothole ir PHF CDOT - De Open 11/16/2020 9:17 11/16/20209:17 8100 S CENTRAL PARK AVE 60652 8100 S CENTRALIAVE FALSE  FALSE 70 18 G041 3 8
10 |SR20-0546 Pothale ir PHF CDQT- De Open 11/16/2020 9:22 11/16/20209:22 8501 5 KNOX AVE 60652 8501'S KNOX  AVE FALSE  FALSE 70 18 E042 3 8
11 |SR20-0545 Pothole ir PHF CDOT - De Open 11/16/2020 9:23 11/16/20209:23 8501 5 KILPATRICK AVE 60652 8501 S KILPATRIC AVE FALSE = FALSE 70 18 E042 3 8
12 |SR20-0546 Pothale ir PHF CDQT- De Open 11/16/2020 9:16. 11/16/20209:16 4010 W 71STST 60629 4010 W 718T sT FALSE  FALSE 65 13 F038 3 8
13 |SR20-0545 Pothole ir PHF CDOT - De Open 11/16/20209:21 11/16/20209:21 2419 W 815T ST 60652 2413 W 81T ST FALSE = FALSE 70 18 E041 3 8
14 |SR20-0546 Pothale ir PHF CDOT- De Open 11/16/2020 9:16. 11/16/20209:16 8000 S CENTRAL PARK AVE 60652 8000 S CENTRALIAVE FALSE = FALSE 70 18 G041 3 8
15 |SR20-0546 Pothole ir PHF CDOT - De Open 11/16/20209:18. 11/16/20209:18 3413 W 83RD PL 60652 3413 W 83RD PL FALSE = FALSE 70 18 HD42 3 8
16 |SR20-0546 Pothale ir PHF CDOT- De Open 11/16/20209:22 11/16/20209:22 8514 S KOLMAR AVE 60652 8514'S KOLMAR AVE FALSE = FALSE 70 18 E042 3 8
17 |SR20-0546 Pothole ir PHF CDOT - De Open 11/16/20209:34. 11/16/2020 10:00 2717 N LEHMANN CT 60614 2717 N LEHMANN CT FALSE = FALSE 7 a3 0016 3 19
18 |SR20-0546 Pothale ir PHF CDOT- De Open 11/16/2020 9:20 11/16/20209:20 8701 5 WESTERN AVE 60620 870L'S 'WESTERN AVE FALSE = FALSE 72 19 K043 2 2
19 |SR20-0546 Pothale ir PHF CDOT - De Open 11/16/2020 9:27 11/16/20209:27 7304 S RICHMOND ST 60629 7304 S RICHMON ST FALSE = FALSE 66 18 1039 3 8
20 |SR20-0546 Pothale ir PHF CDOT- De Open 11/16/20209:23 11/16/20209:23 2500 W 73RD ST 60629 2500 W 73RD ST FALSE = FALSE 66 18 1039 3 8
21 |SR20-0546 Pothale ir PHF CDOT - De: Open 11/16/20209:18. 11/16/20209:18 8350 S HOMAN AVE 60652 8350'S HOMAN AVE FALSE  FALSE 70 18 Ho42 3 8
32 |SR20-0543 Pothole ir PHF CDOT - De Complete 11/10/2020 20:13 11/16/20209:50  11/16/2020 9:50 8164 S SOUTH CHICAGO AVE 60617 8164 S SOUTH CHAVE FALSE  FALSE 45 8 uo4l 1 4
23 |SR20-0534 Pothale ir PHF CDOT - De Complete 10/27/2020 14:53 11/16/20209:42  11/16/2020 9:42 2849 S SPAULDING AVE 60623 2849 5 SPAULDIN AVE TRUE | FALSE SR20-0502 30 2 HO28 3 10 |
34 |SR20-0528 Pothoale ir PHF CDOT - De Complete 10/16/2020 14:42 11/16/20209:41  11/16/2020 9:41 3547 W 26TH ST 60623 3547 W 26TH sT TRUE  FALSE SR20-0517 30 2 HO28 3 10
25 |SR20-0525 Pothale ir PHF CDQT - De Complete 10/12/2020 14:59 11/16/20209:42  11/16/2020 9:42 2848 S SPAULDING AVE 60623 2848 S SPAULDIN AVE TRUE | FALSE SR20-0502 30 22 HO28 3 10
26 |SR20-0517 Pothole ir PHF CDOT- DeComplete 9/30/2020 15:56 11/16/20209:54  11/16/2020 9:54 3627 W 27TH ST 60623 3627 W 27TH ST FALSE = FALSE 30 2 G028 3 10
27 |SR20-0517 Pothale ir PHF CDOT- DeComplete  9/30/2020 9:44 11/16/20209:41  11/16/2020 9:41 3547 W 26TH ST 60623 3547 W 26TH sT TRUE | FALSE SR20-0517 30 22 HO28 3 10
28 |SR20-0517 Pothoale ir PHF CDOT- DeComplete  9/30/2020 9:38 11/16/20209:41  11/16/2020 9:41 3519 W 26TH ST 60623 3519 W 26TH ST FALSE = FALSE 30 22 HO28 3 10
29 |SR20-0517 Pothale ir PHF CDOT- DeComplete  9/29/2020 21:01 11/16/20209:57 11/16/2020 9:57 4037 W 26TH ST 60623 2037 W 26TH sT FALSE = FALSE 30 22 F028 3 10
30 |SR20-0517 Pothole ir PHF CDOT - DeComplete 9/29/2020 19:50 11/16/20209:49  11/16/2020 9:49 3612 W 30TH ST 60623 3612 W 30TH ST FALSE = FALSE 30 22 G028 3 10
31 |SR20-0517 Pothole ir PHF CDOT- DeComplete  9/29/2020 18:42 11/16/20209:49  11/16/2020 9:49 3614 W 28TH ST 60623 3614 W 28TH sT FALSE = FALSE 30 22 G028 3 10
32 |SR20-0507 Pothole ir PHF CDOT- De Complete  9/16/2020 17:13 11/16/20209:46  11/16/2020 9:46 3400 W 28TH ST 60623 3400 W 28TH ST FALSE = FALSE 30 22 HO28 3 10
33 |SR20-0507 Pothale ir PHF CDOT- DeComplete  9/16/2020 11:08 11/16/20209:27 11/16/2020 9:27 3258 S KARLOV AVE 60623 32585 KARLOV AVE FALSE = FALSE 30 22 F029 3 10
34 |SR20-0504 Pothole ir PHF CDOT - De Complete  9/12/2020 11:32 11/16/20209:45  11/16/2020 9:45 3030 S CHRISTIANA AVE 60623 3030 S CHRISTIAN AVE FALSE  FALSE 30 2 HO28 3 10
35 |SR20-0502 Pothale ir PHF CDOT- DeComplete  9/9/2020 10:29 11/16/20209:42  11/16/2020 9:42 2849 S SPAULDING AVE 60623 2319 5 SPAULDIN AVE TRUE | FALSE SR20-0502 30 22 Hoz8 3 10
36 |SR20-0502 Pothoale ir PHF CDOT- De Complete  9/9/202010:22 11/16/20209:42  11/16/2020 9:42 2850 S SPAULDING AVE 60623 2850 S SPAULDIN AVE FALSE  FALSE 30 2 HO28 3 10
37 |SR20-0502 Pothoale ir PHF CDOT- DeComplete  5/9/20208:28 11/16/20209:44  11/16/2020 9:44 2800 S KEDZIE AVE 60623 2800 S KEDZIE  AVE FALSE  FALSE 30 2 HO28 3 10



Data or Information?
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What’s new?

» Data Engineering

Standardize
Transform
Reclassify
Encode

* Dimension Reduction

* Neighborhood Summary Statistics
» Spatial Outlier Detection

» Spatial Association Between Zones



Data Engineering

Getting your data ready for analysis

What's missing?

What's wrong?

What can you add?

What should you transform?

The Fun Stuff



Data Engineering Experience

den - Data Engineering - ArcGIS Pro
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QBJECTID A Name Alias Type  TreatAs  Chart Mean Minim
Shape AVERAGE_HCC_SCORE_2010 Average HCC Score 2010 Double Numerical I 1.14584090909091 1.033
ZOLHCELD = PROCEDURE_EVENTS_PER_1000_2010 Procedure Events Per 1000 2010 Double Numerical 4133.73570454545 2720.2
AVERAGE_HCC_SCORE_2010 LL._____._
PROCEDURE EVENTS PER 1000 PERCENT_ELIGIBLE_FOR_MEDICAID_2010 Percent Eligible for Medicaid 2010 Double Numerical I 16.5121022727273 5776
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New Data Engineering Tools

Alberto Nieto



Data Engineering Tools Released in ArcGIS Pro 2.7

Transform Field

»
|||I|.. |||||||

Reclassify Field

il =l
[ [

Standardize Field

8 0 1

65.4

Encode Field

ID Value

ID L
T o > %

1 1 0 0
2 o , 2 0 1 0
3 % 3 0 0 1
4 ’8.} 4 0 1 0
5 ,& 5 0 1 0



Dimension
Reduction




Neighborhood Summary
Statistics
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