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What's Shrinking Cities?

Urban shrinkage a significant decline in a
city’s population
« Economic decline

* Increased poverty and inequity
« Strain on infrastructure and services

 Environmental concerns

Urban shrinkage is becoming increasingly

common

« 5,004 shrinking cities were identified worldwide up to
2019

« These cities are primarily clustered in EU, Eastern |
- Fig.1 Flat cartogram of the spatial distribution of shrinking cities (SCs) on
Asia, and the northeastern US the globe and the SC proportion at the country level (Meng et al., 2021)
« China has the highest number of shrinking cities,
totaling 679
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Brief Introduction to Pittsburg City

Pennsylvania in the US

[ cCity boudnary Water

[ Census tract I Urban green space

—— Railways Other land use 0 25 5 KM
Roads I I I

Fig.3 Location, urban context, and UGS distribution of Pittsburgh
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Population Decline: Continuous decrease
from 1960 to 2022

Recent Decline Trends: Average annual
rate of -0.42% (2000-2022), about -0.85%

(2010-2020)

Demographic Composition: Predominantly
White (64.5%), significant Black/African
American (23.2%), with Asian (5.6%) and
Hispanic/Latino (3.6%) minorities
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Fig.4 Population of Pittsburgh since 1950

Introduction

Examining Urban Greenery in Shrinking Cities



Research Questions

1. Factors affecting UGS changes in shrinking cities?

2. Role of UGS in community revitalization?
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What's Urban Green Space in Pittsburgh?

Challenges for UGS in shrinking cities

» Deteriorating urban infrastructure (Mullenbach et al., 2021)
« Inadequate maintenance of UGS (Sakamoto et al., 2018)

« Unequal distribution of UGS (Chen et al., 2023)
 Inefficient use of UGS (Park et al., 2020)

Kinds of parks in Pittsburgh City
« Regional Parks (1,920 acres in total)

« Community Parks (300 acres in total)

* Neighborhood Parks

* Riverfront Parks

Fig.2 Different kinds of parks: (a) Frick Park, (b) South Side
Park, (c) Allegheny Commons Park, and (d) South Shore
Riverfront Park.
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Research Gap 1

Current research progress and existing research gaps

Diverse perspectives Insufficient focus on community

Understanding causes g ETE

Policy insights Post-pandemic adaptations

Machine learning

applications _ o

_ The impact of UGS on shrinking
Human-centric data cities at census tract level
utilization
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Research Workflow

Dependent Variable Independent Variable
. o . . . R Deep Learnin, o o
Visitation Data Socioeconomic Data | |[Remote-sensing Data o ioaton ] Classification
Data Collection Census block-level neighborhood 30m year-by-year Landsat-8 " | Land use and land cover
visitation data from Advan Median age | | Mean income satellite imagery from USGS

Total population

[ % Black or Atiican American ] | | Urban Green Space | [ same
v _ k zone )| Urban Green Space
Data Clean I % Asian || [ [__Arawitinves ] | [Size | [“Shape | [ Cluster |
Pre-processing Stops in census tracts of | Population 18-24 withoutHS | | Area within 500m of UGS _|
Pittsburgh City I Population over 25 without CD | | Area within 1500m of UGS |
memrmmm s Y
| .
Model i KOLS Regression \ K Random Forest \ e
P k
v
e e e | -
: — : : : UGS Transformation Pattern
I | Factor coefficient I | Regression accuracy | | Feature importance | et 1
! obustness to . Area transf i e
Result : St | | ea transformation | Distribution
] | Factor significance | | F-statistic | I Prediction distribution | ! | Quality changes | transformation
M 05 65 0 5 0 50 5 0 5 05 0 5 05 0 5 6 50 5 0 5 0 0 5 0 5 0 5 8 50 5 0 5 0 0 5 0 5 0 9 8 50 5 0 03 050 505000 500 1

Fig.7 Research workflow for this study
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Data source }

% USGS @ esri‘ Land Use data from USGS

science for a changing world (Landsat-8 at 30meters level)

CUnit,id States  American Community Social and economic data from Census
E_S!;IS Survey (ACS) Bureau

(at census tract level)

Visitation data from ADVAN Neighborhood
@ ADVAN Pattern

Ressarch through Technology . Nofilteringdata | (gt census block group level every week)

This data is ideal for site-selection use and other use cases
where you need to understand how busy an area is, when
it is busy and the demographics of the visitors.

Use POl's geometry

Differential privacy
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ML Analysis of Satellite Imagery

Why Using Landsat-8?

* |Increased data acquisition

ZUSGS

science for a changing world

* Enhanced imaging capabilities
« Wide range of applications
 Quality control band

1 64 64
128 64 64 2

Why Using Land Cover Classification
(Landsat 8) from Esri?

* Rich data sources

392 x 392
390 x 390
388 x 388
388 x 388

572 x 572
570 x 570
568 x 568

v 128 1?? 256 128 T

* Reliable classification results
« Low computational demand

2842

140?

« Easy to deploy

Fig.5 U-net model used in ML classification tasks
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Census Tract Fine-grained Data

Visitation
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X: social-economic data

Black & African American Asian

Population over 25 without
College Degree

%

Fig.6-1 Spatial distribution of variables used in OLS regression
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Census Tract Fine-grained Data

X: UGS factors

Visitation

%, X
7

2

/ “

[ ]8987-94391
[ 194392 - 198257 [ ] Census tract “
[ ] 198258 - 351472 No data
[ 351473 - 665547

[ 665548 - 1097993

I 1097994 - 2931386

1500m buffer >

- 500m buffer

Census tract
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Fig.6-2 Spatial distribution of variables used in OLS regression

UGS area within 500m
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UGS Transformation Results

( )

2019: 16.20km? (10.66%)

Allegheny River N

Downtown A

S VAN ( )

2022: 15.79km? (10.38%)

4 \
UGS distribution in 2019 . .
- Cme » | Decrease in eastern hills
other land Other land o
|\ J
N

Scattered decreases in

LULC north and southwest

Classification

2022
4 . )
B Open Wt Mixd Fores Monongahela New greenway along Ohio
Perennial Snow/Ice Shrub/Scrub .
Developed, Open Space Herbaceuous R | Ve I' R i Ve r
[0 Developed, Low Intensity Hay/Pasture & J
I Developed, Medium Intensity [l Cultivated Crops
Il Developed, High Intensity Woody Wetlands Cl“';g n UGS ( . )
[ Barren Land I Herbaceuous Wetlands 0 25 5 KME RCZT.‘feuT:M p = Expa n S I O n a ro U n d Ce ntra I
I Deciduous Forest [ city boudnary | | | | | - i\n ;':ij ) skM [ oo Do - a:y o 25 SKM
I Gvergreen Forest [ Census tract I 0.01%-0.58%  [_] Census tract L a rea )
Fig.8 Land Use classification Fig.9 (a)Urban green space in 2022, (b)Urban green space

in 2019, (c) change and (d) its change rate by census tract
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OLS Regression Findings

Tab.1 Result of OLS Regression

[ Positive Correlations ]

2019 2020 2021 2022
Coef P>|t|] VIF Coef P>|t| VIF Coef P>|t|] VIF Coef P>|t| VIF
Total Iati Total Population 297.042  0.001* 3.989 70.0953  0.024 4511  48.609 0120 444  98.151 0.087* 475
° ion * 1 8
Otal populatio Median age 4703112  0.601 1949 -1115556 0.677 1.894 -2644589 0350 1.79 -3517.414 0534 2.06
* Except for 2021 0 7
L Mean income -2.442 0218 2196  -0.842 0227 2544 0327 0629 260 -1.715 0155  3.01
« UGS area within 1500m 1 4
Sex ratio 2550.199 0.380 1.208 -316.110 0725 1181 151403  0.855 1.12 277.296  0.841 1.1
. ) . 6 z
Populatlon over 25 without CO”ege Degree Black and 13.647 0903 1686 -15717  0.674 1534 -16790 0621 148 -53.871 0373 161
* Onlyin 2019 African 4 2
American
Asian -380.443 0149 2368 -19.202  0.833 2449  67.737 0481 232 19.036 0916 244
0 0
AT Popu 18-24 1237.094 0586 1635 -669.129 0303 1264 -495394  0.403 114 -1303.365 0.265 1.28
[ Not Significant ] Popu 18-24 ! !
Popu over 25 473632 0018 4118 -108.176 0108 4519  -70.351 0265 404 -180.690  0.153  4.94
. without CD 0 2
 Median age Sum_area_500  -0.497 0.008* 7.292 -0152 0010* 6.756 -0.105 0075 609 -0.377 0.001* 754
L[] 2 *% 7
* Mean income Um_area 1500  0.495 0007 4.757  0.180 0.000° 48717 0.138 0.000° 307 0410 0.000° 506
*k *k * 6 *k 6
e Sex ratio Sum_area 0.418 0435 3310 0.044 0799 3.080 0.058 0746 321 0.241 0398 275
6 8
 Racial
2 2 2 2
i i i =0. = 0. = 0. T = 0.334
« Population between 18-24 without high schools Tiorg = 0342 T35 = 0.554 7505 = 0.305 7305, = 0.33

[ Negative Correlations ] WHY?

« UGS area within 500m
« Especially in 2019 & 2022 =——————lp

In the stereotype, the larger the UGS surrounding a census tract, the
more it is expected to be visited, as there are green areas nearby.

Greening the Gap:
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GWR Analysis: Green Inside Census Tract

[ Reginal Variation ]

".‘L‘ﬁ%}f/ W L ) « Central & Northern Districts
\ % « Negative influence of UGS area on visitation, most

W Q//// pronounced downtown (the Golden Triangle)
~/ « East Districts
Squirrel Hill » Positive influence, intensifying near urban periphery (e.g.,
Squirrel Hill South)

2019
[ City boudnary [10.01 -0.41
[ Census tract [7]042-087
[ -0.72--0.58 [ 0.88 - 1.54
[0 -057--040 [ 1.55-3.54
[1-039--0.17 No data
[1-0.16-0.00

[ City boudnary [10.01-0.01
[ Census tract [ 0.01-0.02
I -023--021 [ 0.03-0.03
[ -020--0.16 [ 0.04 - 0.04

M [1-0.15--0.12 [ZZ Nodata
[ 1-0.11-0.00

T [ Yearly Trends ]

« Urban Population Decline
« Expands negative UGS-visitation correlation.

WS - East District Shift

%Y,

< ‘.Z/{éé///%// . . » Positive (2019) to negative (2022) in Oakland, impacting

w’ /52,,({/ South Hills 0 major institutions.

2021 A 2022 2 . . .

S TEIY | 4 = " Oakland  Southern Hills (Brookline, Carrick, Overbrook)

o e ‘ T D » Cyclical trend; positive in 2019, negative 2020-21, returning
to positive in 2022.

[71-0.17--0.10 [ZZ No data M [[7]-045--022 [ZZ] No data
[7-0.09-0.00

Fig.10 Regression coefficients for visitation and UGS area
within census tract of the GWR model for each year.

[1-021-0.00
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GWR Analysis: Green around Census Tract

Golden Trianglbe ~_ Allegheny River [
N

Spatial Trends ]

* Negative Correlation
* Expands negative UGS-visitation correlation

S
?///I.,_ / '//////’// D

v 4%
., "4"/4/ -!\%/////‘,

-
y

;, \ 'g?/;y}/.‘ » Shift Ove_r_ Time | - o
/{4/ ’QPQ///’/ » Transition from negative to positive correlation in downtown
4, ’/é % 4, _ . .
South Shore %’ </ and north o_f the Allegheny (low-density areas like Manchester
2|g|9cityboudnaryl:l().()l-Oﬂl |2£2|0cnyboudnary|:|o.m-o‘01 and Troy HIII).

[ Census tract [70.02-0.03
I -0.85--0.73 [ 0.04-0.05
[ -0.72--0.42 [ 0.06 - 0.06
[ -041--023 No data
[ 1-022-0.00

[ Census tract [70.02-0.01
I -0.28--0.25 [ 0.02 - 0.02
[0 -0.24--023 M 0.03-0.03

KM [ -022--0.10 No data
[ 1-0.09-0.00

* South Shore: Renewal efforts see shift from negative to
positive correlation (RiverParc by Pittsburgh Cultural Trust).

[ Consistent Patterns ]

%,
oy R

« Qakland (education/healthcare hub)
» Maintains strong negative correlation, unaffected by
population trends.

« Southside Flats & Hays

« Similar stable negative correlation, especially in non-
Oakland residential zones (entertainment/agricultural areas).

%%,
%
%.
%
%

Ui

7| ( thei
‘%{ outhside Flats
<> . © 2022
/,’% H ays [ city boudnary [ ] 0.01-0.07
[ Census tract 1 0.08-0.12
B 0.59--041 [ 0.13-0.24
[0 0.40--026 [N 0.25 - 0.30
SKM [ -025--0.11 No data
[1-0.10-0.00

2021

[ City boudnary [] 0.01 - 0.09
[ Census tract [ 0.10-0.10
B -031--023 [ 0.11-0.13
[0 -022--0.11 [ 0.14-0.16
[ -0.10--0.06 No data
[1-0.05-0.00

Fig.11 Regression coefficients for visitation and UGS area
with a 500m radius of census tract of the GWR
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Discussion

Why UGS in 500m radius lead to decrease in visitation?

Competition for commercial land?

Weekday Afternoon A Weekend Afternoon n. W Fisyoreund
M oA e et ‘ e =
H Lawn K o Lawn =
Functional redundancy? i !
P - @ f
| g L& T g . A Chid
Q;)‘ Pii\mﬁarea ‘t“A Picnigare O Tee
Population dispersion effect? P N P S O A
. & 2
A & 50 Feet jL A‘ 5% Parking W Senior
Safety concerns? Fig.12 A comparison of behavior maps between

different days of a week (Park et al., 2020)

BUT GWR shows UGS within 500m in CBD has positive influence on vitality
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Examining Urban Greenery in Shrinking Cities

Discussion & Conclusions



Discussion

What’s the impact of COVID-19?

« Strong positive correlation between
total population and visitation rates

« Higher population density corresponded
with increased community activity

Return of positive correlation between
population and visitation rates

« Widespread vaccine availability

* Relaxation of preventive measures
« Gradual resumption of community
activities

Pre-pandemic » During pandemic > Post-pandemic

The relationship between population and
visitation rates became statistically
insignificant

Greening the Gap:

Social distancing measures

Remote work adoption

Closure of public spaces

Restricted social interactions

Decreased intra-community population mobility

Examining Urban Greenery in Shrinking Cities
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Recap of this research

Influence of UGS Distribution on Community Vitality
« Within census tract
 500m radius
Impact of COVID-19
» Positive correlation between population and visitation
* This link became non-significant during the pandemic
Land Use Types and Visitation
« Commercial Districts
* Education and Healthcare Hubs
* Residential Areas
UGS planning amid Urban Shrinkage
« UGS planning can counteract urban shrinkage by enhancing
community vitality

CrEEnlg e el Discussion & Conclusions 2024/11/07
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