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I n N e w Y o r k Cit y ( N Y C), t h e e arl y p eri o d of t h e C O VI D- 1 9 p a n d e mi c i n t h e s pri n g of 2 0 2 0 i n d u c e d a si g ni fi c a nt 

s hift i n t h e u s e a n d a c c e s si bilit y of ur b a n gr e e n s p a c e s ( U G S). T o u n d er st a n d t h e i m p a ct of C O VI D- 1 9 o n t h e 

a c c e s s t o U G S, w e c o n d u ct e d a s p ati al a n al y si s of g e o gr a p hi c a c c e s s t o U G S a n d p er c ei v e d a c c e s s b a s e d o n d at a 

c oll e ct e d fr o m a s o ci al s ur v e y d e pl o y e d fr o m M a y 1 3 t o J u n e 1 5, 2 0 2 0. W e e x a mi n e g e o gr a p hi c al a c c e s si bilit y t o 

U G S a n d h o w t hi s c o m p ar e s t o p er c ei v e d a c c e s si bilit y, or t h e e a s e w hi c h r e si d e nt s f e el t h e y c a n a c c e s s a U G S. W e 

f urt h er e x pl or e d t h e c orr el ati o n b et w e e n s p ati al a c c e s s t o U G S a n d fift e e n s o ci al v ul n er a bilit y v ari a bl e s i n cl u di n g 

e c o n o mi c st at u s, h o u s e h ol d c o m p o siti o n, mi n orit y st at u s, a n d h o u si n g t y p e f or diff er e nt zi p c o d e s. T h e r e s ult s 

s h o w t h at g e o gr a p hi c al pr o xi mit y v ari a bl e s c a n pr e di ct a n u m b er of t h e p er c ei v e d a c c e s s v ari a bl e s, p arti c ul arl y 

t h o s e  r el at e d t o  C O VI D- 1 9 m e a s ur e s. Alt h o u g h l o w er-i n c o m e c o m m u niti e s  w er e f o u n d  t o h a v e  hi g h er s p ati al 

a c c e s s t o U G S, m a n y of t h e s a m e c o m m u niti e s, i n cl u di n g p e o pl e li vi n g i n cr o w d e d a n d m ulti- u nit b uil di n g s, o n 

a v er a g e o nl y h a v e a c c e s s t o s m all er gr e e n s p a c e s, s u g g e sti n g a n u n e v e n di stri b uti o n of l ar g er q u alit y p ar k s. T hi s 

o b s er v ati o n i s f urt h er c o n fir m e d b y s ur v e y r e s ult s. T h e s e fi n di n g s h a v e i m pli c ati o n s f or p oli ci e s s urr o u n di n g t h e 

di stri b uti o n  of  U G S  a n d  w h et h er  e q uit a bl e  a c c e s s  i s  pr o vi d e d  t o  N Y C  r e si d e nt s,  wit h  i m pli c ati o n s  f or  si mil ar 

p att er n s t h at m a y e xi st i n ot h er citi e s.   

1. I nt r o d u cti o n 

T h e  C O VI D- 1 9  p a n d e mi c  si g ni fi c a ntl y  i m p a ct e d  citi e s  w orl d wi d e, 

l e a di n g  t o  s o ci al  di st a n ci n g  m e a s ur e s  a n d  l o c k d o w n s  t o  c o ntr ol  t h e 

s pr e a d of t h e vir u s. T h e s e m e a s ur e s r e s ult e d i n e c o n o mi c str e s s, gri ef, 

a n d  i s ol ati o n,  p arti c ul arl y  aff e cti n g  ur b a n  ar e a s.  Ur b a n  gr e e n  s p a c e s 

( U G S), i n cl u di n g p ar k s, n at ur al ar e a s, a n d o p e n s p a c e s, pl a y a cr u ci al 

r ol e i n pr o m oti n g p h y si c al a n d m e nt al w ell- b ei n g a m o n g ur b a n d w ell er s 

(Br at m a n et al., 2 0 1 9, 2 0 1 5 ; H a m er & C hi d a, 2 0 0 8 ; K a c z y n s ki & H e n -

d er s o n, 2 0 0 7 ; K a hl m ei er et al., 2 0 1 4 ; L e e & M a h e s w ar a n, 2 0 1 1 ; Li et al., 

2 0 1 8 ). T h e y off er o p p ort u niti e s f or r e cr e ati o n, e x er ci s e, a n d s o ci al i n -

t er a cti o n s, all of w hi c h ar e e s s e nti al f or miti g ati n g t h e d etri m e nt al ef -

f e ct s of str e s sf ul e v e nt s o n h e alt h (K o n d o, Fl u e hr, et al., 2 0 1 8 ; K o n d o, 

J a c o b y, et al., 2 0 1 8 ; L e e et al., 2 0 1 5 ; M a a s et al., 2 0 0 6 ). 

T h e p a n d e mi c' s i m p a ct o n p h y si c al a n d m e nt al h e alt h, c o u pl e d wit h 

t h e  gr o wi n g  u n d er st a n di n g  of  U G S' s  i m p ort a n c e,  h a s  l e d  t o  a n 

e m er g e n c e  of  n e w  r e s e ar c h  o n  t h e  a c c e s s,  u s e,  a n d  b e n e fit s  of  t h e s e 

s p a c e s d uri n g t h e e pi d e mi c ( Ci u p a a n d S uli g o w s ki, 2 0 2 1 ; F el a p pi et al., 

2 0 2 0 ; Gr z y b et al., 2 0 2 1 ; J at o- E s pi n o et al., 2 0 2 2 ; N o s z c z y k et al., 2 0 2 2 ; 

U g oli ni et al., 2 0 2 0 ). 

A c c e s si bilit y i s a c o m pl e x c o n c e pt a n d pr e s e nt s c h all e n g e s i n b ot h 

d e fi niti o n  a n d  m e a s ur e m e nt  ( W a n g  et  al.,  2 0 1 3 ).  T h e  m ai n  ar e a s  of 

a c c e s si bilit y  i n cl u d e  r e al  a c c e s si bilit y,  g e o gr a p hi c  a c c e s si bilit y,  a n d 

p er c ei v e d  a c c e s si bilit y.  R e al  a c c e s si bilit y  e n c o m p a s s e s  t h e  e a s e  wit h 

w hi c h i n di vi d u al s c a n a c c e s s a p arti c ul ar l o c ati o n, c o n si d eri n g f a ct or s 

s u c h a s l a n d- u s e, tr a n s p ort ati o n, ti m e li mit ati o n s, a n d i n di vi d u al c a p a -

biliti e s  a n d  o p p ort u niti e s  ( G e ur s  a n d  v a n  W e e,  2 0 0 4 ).  G e o gr a p hi c al 

a c c e s si bilit y  q u a ntit ati v el y  m e a s ur e s  t h e  p h y si c al  a c c e s si bilit y  of  a 

s p e ci fi c sit e, c o n si d eri n g v ari a bl e s li k e di st a n c e, tr a n s p ort ati o n n et w or k, 

a n d s p ati al p att er n s ( A nt e n e h et al., 2 0 2 3 ; D e b o o s er e a n d El- G e n ei d y, 

2 0 1 8 ). P er c ei v e d a c c e s si bilit y r ef er s t o t h e p er c ei v e d p ot e nti al e a s e of 

r e a c hi n g  a  l o c ati o n  ( P ot  et  al.,  2 0 2 1 ),  i n fl u e n c e d  b y  p er s o n al  b eli ef s, 
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attitudes, and past experiences that shape people's perceptions of the 
accessibility of specific locations. 

Research on UGS access has highlighted factors like distance to parks 
and park size as critical influencers of access and use (Giles-Corti et al., 
2005). Additionally, studies have raised concerns about the inequitable 
distribution of UGS in urban contexts, disproportionately affecting low- 
income and communities of color (Rigolon, 2016; Spotswood et al., 
2021). Perceived accessibility, reflecting how easily people feel they can 
reach and use a UGS, has been found to be a crucial factor in determining 
park use intention and behavior (Wang, Brown, Liu, 2015). During the 
COVID-19 pandemic, the accessibility and use of UGS have been the 
subject of numerous studies across different regions (e.g., Ciupa and 
Suligowski, 2021; De Luca et al., 2021; Larcher et al., 2021; Noszczyk 
et al., 2022; Rousseau and Deschacht, 2020; Shoari et al., 2020; Venter 
et al., 2020; Spotswood et al., 2021). Many studies such as Maury-Mora 
et al. (2022) and Venter et al. (2020) have focused on COVID-19 related 
factors such as lockdown. 

Generally, studies have shown increased UGS utilization during the 
peak of COVID-19 spread (Berdejo-Espinola et al., 2021; Lopez et al., 
2021). Yet, few studies have explored perception UGS accessibility 
during early pandemic waves (e.g., Lopez et al., 2021). Exploring 
perceived and geographic access data offers valuable insights for urban 
planners and policymakers to enhance UGS design and urban develop
ment (Stessens et al., 2020). In this context, we investigate the perceived 
versus geographic UGS access relationship during the early waves of 
COVID-19, focusing on New York City (NYC), the initial U.S. pandemic 
epicenter. Analyzing UGS access disparities across different commu
nities, race/ethnicity, and income levels is crucial, particularly consid
ering COVID-19's disproportionate impact on various communities 
(Ortiz et al., 2022). 

We hypothesized that people in areas with less geographic access to 
UGS would have lower perceived access and would be more likely to 
be concerned about a lack of UGS access during COVID-19 pandemic. 
Additionally, we hypothesized that those with access to smaller UGS 
would have more concerns about crowding and a lack of social 
distancing in parks. We further hypothesized that low-income and 
communities of color are more concerned about accessibility and use of 
UGS. We asked: 1) Do New Yorkers who perceive they have less access to 
parks geographically have less physical access (i.e. greater distance to 
parks or less nearby park area)? 2) How do perceived and geographic 
access to UGS vary across zip codes, race/ethnicity, and income levels? 
3) Is geographic accessibility to UGS correlated with neighborhoods 
identified as either high, medium, or low locations of COVID-19 
severity? 

To answer these questions and to better understand how novel 
COVID-19 policies impacted the use, perceived importance, and 
perceived access to urban green spaces in NYC, the Urban Systems Lab at 
The New School (represented by the authors), in collaboration with The 
Nature Conservancy in New York, Building Healthy Communities NYC 
and NYS Health Foundation, launched a social survey between May 13 
and June 15, 2020. The results of the survey show that many New 
Yorkers continued to use urban parks and open spaces during the 
pandemic and considered them to be more important for mental and 
physical health than before the pandemic began (Lopez et al., 2021). 
This pattern is mirrored in other studies outside the U.S. as well (e.g., 
Venter et al., 2020). We received 1145 responses that answered at least 
70 % of survey questions, most of them are from 40 zip codes out of the 
178 NYC zip codes. We followed the survey study with a spatial analysis 
to examine geographical accessibility of UGS and how that compares to 
perceived accessibility, captured by the survey, to improve the wider 
understanding of UGS access in NYC during the COVID-19 pandemic. 

Different types of urban green infrastructure offer a variety of ben
efits to urban dwellers. Studies found that small urban green spaces like 
pocket parks, street trees, flower beds, and green roofs, have the po
tential to provide recreational and experiential benefits (Balai Kerishnan 
and Maruthaveeran, 2021; Danford et al., 2018; Mesimaki et al., 2019; 

Peschardt et al., 2012). Liu and Wang (2021, p. 19) argued that pocket 
parks have advantages in improving accessibility to urban neighbor
hoods as they require small-sized land, which can be vacant lots or other 
forgotten and underused locations. However, a number of studies 
revealed that COVID-19 pandemic caused an increase in parks visitation 
which emerged the concern of the potential risk of green area crowding 
(Derks et al., 2020; Geneletti et al., 2022; Venter et al., 2020). An 
important consideration here is understanding how the potential bene
fits are influenced by the type and size of UGS. The National Parks and 
Recreation Association for instance has developed a set of guidelines for 
various urban park typologies which range from smaller neighborhood 
and community parks to linear parks where bike and running paths are 
typically located, to larger natural parks and sports and school parks 
which vary in terms of size. In a study conducted in Adelaide, South 
Australia (Brown et al., 2014) researchers found for instance that urban 
park benefits are related to the size of the park, noting increased physical 
activity among other benefits. They find the larger the park, the greater 
the overall benefits when controlling for a variety of mediating factors. 
Cohen et al. (2010) also reported a positive association between park 
size and park visits. A NYC-based study suggested that small UGS may 
lack enough space for physical activities and facilities for residents 
(Miyake et al., 2010) and this could be more of a concern during COVID- 
19. To define the pattern of uneven distribution of larger UGS among 
communities that differ in socioeconomic settings, we examined the 
correlation between spatial access to UGS and fifteen variables including 
economic status, household composition, minority status, and housing 
type for different zip codes. We also overlapped this analysis with the 
COVID-19 severity (the fraction of deaths to positive tests) for different 
zip codes that were adopted from McPhearson et al. (2020). This over
lapping examination helps reveal the communities that are both 
significantly impacted by COVID-19 and lack sufficient UGS. We thus 
highlight neighborhoods in need of larger UGS for coping during times 
of crisis including potential vulnerability to future pandemics. 

Our research approach aligns closely with Sustainable Development 
Goal 11 (SDG 11), which focuses on making cities and human settle
ments inclusive, safe, resilient, and sustainable. SDG 11 aims to ensure 
access to green and public spaces, enhance urban planning, and promote 
well-being for all residents, particularly in times of crises such as pan
demics. Specifically, our study addresses the importance of UGS in 
promoting physical and mental well-being among urban dwellers, 
especially during the COVID-19 pandemic. UGS, including parks and 
open spaces, contribute to creating inclusive and sustainable cities by 
providing recreational opportunities, facilitating social interactions, and 
offering spaces for exercise and relaxation. By exploring the perceived 
and geographic accessibility of UGS during the pandemic, we shed light 
on the role of UGS in fostering resilience and mitigating the detrimental 
effects of stressful events on health. Furthermore, our research is in line 
with publications from UN-Habitat, which emphasize the significance of 
urban planning in the context of pandemics (UN-Habitat, 2021). The 
UN-Habitat has highlighted the need for cities to be well-prepared and 
resilient in the face of public health emergencies. Our study contributes 
to this discourse by providing valuable insights into the use and benefits 
of UGS during the COVID-19 pandemic in urban areas, with a specific 
focus on New York City. Understanding the interplay between UGS 
availability and access and COVID-19 severity can assist urban planners 
and policymakers in formulating strategies to enhance the resilience of 
cities in times of crisis. 

2. Materials and methods 

2.1. Study site 

New York City is the largest city in the United States with ~8.4 
million people according to the 2018 American Community Survey (U.S. 
Census Bureau, 2020) (Fig. 1). The New York City Department of Parks 
and Recreation (NYC Parks) are the stewards of 1700 parks, 1000 
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pl a y gr o u n d s, 6 5 0, 0 0 0 str e et tr e e s, a n d 2 milli o n p ar k tr e e s. N Y C al s o 

c o nt ai n s o v er 1 2, 0 0 0 a cr e s of n at ur al ar e a s i n cl u di n g t h e J a m ai c a B a y 

Wil dlif e  R ef u g e,  a n d  5 2 0  mil e s  of  c o a stli n e s  a n d  8  p u bli c  b e a c h e s 

m a n a g e d i n p art b y t h e N e w Y or k St at e D e p art m e nt of P ar k s a n d Hi s -

t ori c al Pr e s er v ati o n, a n d t h e N ati o n al P ar k s S er vi c e. T h er e ar e a p pr o x -

i m at el y 1 2, 6 0 0 a cr e s of p u bli c or “ p a s si v e ” o p e n s p a c e ( 1. 5 a cr e s p er 

1 0 0 0  r e si d e nt s)  s u c h  a s  pl a z a s  a n d  e s pl a n a d e s  wit hi n  t h e  cit y  li mit s 

( H ar ni k 2 0 1 6). I n N e w Y or k St at e, t h e fir st c o n fir m e d c a s e of t h e S A R S- 

C o V- 2  c or o n a vir u s,  C O VI D- 1 9,  e m er g e d  o n  M ar c h  1,  2 0 2 0  a n d  s o o n 

s pr e a d t o N Y C t hr o u g h c o m m u nit y tr a n s mi s si o n. Wit h n e arl y ~ 6 % of 

n ati o n al c o n fir m e d c a s e s a n d ~ 1 6 % of d e at h s, N Y C h a s b e e n d e s cri b e d 

b y  s ci e nti st s  a s  t h e  fir st  U. S.  e pi c e nt er  or  v a n g u ar d  of  t h e  o ut br e a k, 

pr o m pti n g  a  s h elt er-i n- pl a c e  m a n d at e  ( P A U S E)  i n  a d diti o n  t o  s o ci al 

di st a n ci n g p oli ci e s t h at i n cl u d e r e stri ct e d a c c e s s or t e m p or ar y cl o s ur e of 

p u bli c o p e n s p a c e s, p ar k s, b e a c h e s, a n d ot h er n at ur al ar e a s ( A n g el et al., 

2 0 2 0 ; N e w Y or k St at e D e p art m e nt of H e alt h a n d M e nt al H y gi e n e, 2 0 2 0 ). 

N e w Y or k Cit y' s “ P A U S E ” p oli c y l e d t o a l ar g e m aj orit y of r e si d e nt s b ei n g 

c o n fi n e d  t o  t h eir  h o m e s  f or  m o st  d a y s,  a n  i nt err u pti o n  of  w or k er 

c o m m ut e, a n d i n d u c e d a r a di c al s hift i n t h e l o c ati o n s a n d d e m a n d f or 

s er vi c e s i n cl u di n g e n er g y, tr a n sit, a n d gr e e n s p a c e s. 

2. 2.  D at a 

Fr o m  M a y  1 3,  2 0 2 0,  t o  J u n e  1 5,  2 0 2 0  (t h e  e arl y  m o nt h s  of  t h e 

C O VI D- 1 9 p a n d e mi c i n N e w Y or k Cit y) a n o nli n e s ur v e y w a s c arri e d o ut 

a m o n g N Y C r e si d e nt s. T h e s ur v e y ai m e d at u n d er st a n di n g h o w p e o pl e 

e a sil y  a c c e s s  U G S  d uri n g  t h e  C O VI D- 1 9  p a n d e mi c,  h o w  i m p ort a nt 

p e o pl e p er c ei v e ur b a n gr e e n s p a c e s t o b e f or t h eir p h y si c al h e alt h, a n d 

w h et h er e x p o s ur e t o U G S i s aff e cti n g p e o pl e' s m e nt al h e alt h d uri n g t hi s 

ti m e. L o p e z et al. ( 2 0 2 1) pr o vi d e s a c o m pr e h e n si v e d e s cri pti o n of s ur v e y 

m et h o d s a n d a n al y si s of t h e s ur v e y s e cti o n s, q u e sti o n s, a n d fi n di n g s. T h e 

s ur v e y r e s ult e d i n 1 1 4 5 r e s p o n s e s t h at a n s w er e d at l e a st 7 0 % of s ur v e y 

q u e sti o n s. R e s p o n d er s pr o vi d e d i nf or m ati o n a b o ut t h eir zi p c o d e a n d w e 

t h er ef or e a g gr e g at e d t h e r e s p o n s e s at t h e Zi p c o d e l e v el. O ut of t h e 1 7 8 

N Y C zi p c o d e s, o nl y 4 0 zi p c o d e s h a d ≥ 8 s ur v e y r e s p o n s e s a n d w e u s e d 

t hi s a s a mi ni m u m t hr e s h ol d f or s ur v e y p arti ci p ati o n f or i n cl u si o n i n o ur 

s p ati al a n al y si s ( Fi g. 2 ). 

N Y C gr e e n s p a c e s a n d str e et c e nt erli n e s w er e c oll e ct e d fr o m t h e cit y' s 

o p e n  d at a  p ort al  a s  t h e  O p e n  S p a c e  ( P ar k s)  l a y er  a n d  N Y C  Str e et 

C e nt erli n e l a y er m a d e a v ail a bl e b y t h e cit y' s D e p art m e nt of I nf or m ati o n 

T e c h n ol o g y & T el e c o m m u ni c ati o n s. W e d o w nl o a d e d t h e u p d at e d l a y er s 

a s of J ul y 2 2, 2 0 2 0. T h e s o ci al v ul n er a bilit y i n di c at or s w er e r etri e v e d 

fr o m  t h e  m o st  u p d at e d  5- y e ar  e sti m at e s  of  t h e  A m eri c a n  C o m m u nit y 

S ur v e y ( A C S) - t h e U S C e n s u s B ur e a u ( 2 0 1 4 – 2 0 1 8) at t h e zi p c o d e l e v el 

a n d at t h e bl o c k gr o u p-l e v el ( fi n e st a v ail a bl e s p ati al u nit). O n e of o ur 

ai m s  i s  t o  i d e ntif y  t h e  p orti o n  of  r e si d e nt s  w h o  h a v e  a c c e s s  t o  U G S 

wit hi n a r e a s o n a bl e w al ki n g di st a n c e al o n g r o a d s. T h e A C S c e n s u s d at a 

at  t h e  bl o c k  gr o u p-l e v el  c a n n ot  pr o vi d e  a  g o o d  e sti m at e  of  t h e  t ot al 

p o p ul ati o n wit hi n w al ki n g di st a n c e fr o m e a c h U G S, p arti c ul arl y si n c e 

t h e cit y h a s m a n y l ar g e- si z e d bl o c k s ( N Y C h a s a n a v er a g e of 6 0 p ar c el s / 

Fi g. 1. T h e si z e a n d di stri b uti o n of ur b a n gr e e n s p c a e s i n N e w Y or k Cit y. ( F or i nt er pr et ati o n of t h e r ef er e n c e s t o c ol or i n t hi s fi g ur e l e g e n d, t h e r e a d er i s r ef err e d t o 

t h e w e b v er si o n of t hi s arti cl e.) 
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l ot s p er bl o c k). W e a p pli e d t h e d a s y m etri c m a p pi n g t e c h ni q u e (Sl e et er & 

G o ul d, 2 0 0 7 ) t o di s a g gr e g at e t h e bl o c k-l e v el c e n s u s d at a (t ot al p o p u -

l ati o n  p er  bl o c k)  t o  t h e  p ar c el-l e v el.  T hi s  m a p pi n g  t e c h ni q u e  u s e s  a n 

a n cill ar y d at a s et r e pr e s e nti n g p o s si bl e p o p ul ati o n di stri b uti o n s u c h a s 

v ari o u s l e v el s of r e si d e nti al d e n sit y a n d t h e n u m b er of r e si d e nti al u nit s 

p er p ar c el. N Y C p ar c el s a n d attri b ut e s w er e r etri e v e d fr o m t h e l a n d u s e 

fi el d of t h e N Y C t a x l ot d at a s et ( M a p P L U T O of 2 0 1 8) t h at i s d o w nl o a d e d 

fr o m  t h e  cit y' s  o p e n  d at a  p ort al  a n d  m a d e  a v ail a bl e  b y  t h e  N Y C 

D e p art m e nt of Cit y Pl a n ni n g. M a p P L U T O pr o vi d e s t h e t ot al n u m b er of 

r e si d e nti al u nit s p er p ar c el a n d f o ur r e si d e nti al cl a s s e s: 1) si n gl e f a mil y, 

2)  m ulti-f a mil y  el e v at or,  3)  m ulti-f a mil y  w al k- u p,  a n d  4)  mi x e d  u s e 

r e si d e nti al a n d c o m m er ci al. T h e d a s y m etri c m a p pi n g t o ol i n cl u d e d i n -

p ut s fr o m M a p P L U T O a n d A C S bl o c k-l e v el d at a t o e sti m at e t h e p ar c el- 

l e v el  t ot al  p o p ul ati o n  t h at  w e  t h e n  u s e d  t o  c al c ul at e  t h e  n u m b er  of 

r e si d e nt s w h o h a v e a c c e s s t o U G S. 

2. 3.  A n al ysis 

W e u s e d d at a fr o m t hr e e pri n ci p al s o ur c e s: ( 1) s ur v e y s of U G S u s er s, 

( 2)  s p ati al  a n al y si s  of  a c c e s s  t o  U G S,  a n d  ( 3)  s o ci al  v ul n er a bilit y  i n -

di c at or s of v ari o u s zi p c o d e s. A m o n g t h e 4 6 q u e sti o n s li st e d i n o ur s o ci al 

s ur v e y  ( L o p e z  et  al.,  2 0 2 1 ),  t h e  f o c u s  of  t hi s  st u d y  i s  o n  t hr e e  k e y 

q u e sti o n s  a n d  r el at e d  a n s w er s  ( T a bl e  1 )  r el at e d  t o  p e o pl e' s  c o n c er n s 

a b o ut U G S d uri n g C O VI D- 1 9, t h e tr a v el ti m e t o U G S, a n d t h e t y p e of 

U G S t h e y w er e a bl e t o m o st e a sil y a c c e s s. M or e t h a n t w o-t hir d s of zi p 

c o d e s t h at h a d ≥ 8 r e s p o n s e s h a v e a c c e s s t o b e a c h / w at er ( Fi g. 1 ), w hi c h 

m a y bi a s o ur a n al y si s a n d t h er ef or e w e c o n si d er t h e t y p e of U G S i n o ur 

a n al y si s. 

R e s e ar c h er s  oft e n  d e fi n e “ s er vi c e  ar e a ” p er  U G S  b y  pl a ci n g  a 

E u cli d e a n b uff er ar o u n d e a c h gr e e n s p a c e ( e. g., H a m st e a d et al., 2 0 1 8 ; 

W e n d el et al., 2 0 1 1). U nli k e b uff er s t h at a s s u m e u ni m p e d e d m o v e m e nt 

i n a n y dir e cti o n, w e d e fi n e t h e s er vi c e ar e a p er U G S a s a m a xi m u m of 

4 0 0 m t h at c a n b e tr a v el e d al o n g t h e r o a d n et w or k a s i n C o m b er et al. 

( 2 0 0 8) a n d St e s s e n s et al. ( 2 0 1 7). T h e 4 0 0 m di st a n c e, r o u g hl y c orr e -

s p o n di n g t o 1 0 mi n' w al k, ar e i n li n e wit h pr e vi o u s st u di e s ( e. g., H a m -

st e a d  et  al.,  2 0 1 8 ; Mi y a k e  et  al.,  2 0 1 0 ; St ur m & C o h e n,  2 0 1 4 ).  W e 

s el e ct e d all p ar c el s wit hi n 4 0 0 m w al ki n g di st a n c e fr o m gr e e n s p a c e s i n 

N e w  Y or k  Cit y  t o  e x a mi n e  t h e  p er c e nt a g e  of  i n h a bit a nt s  t h at  h a v e 

g e o gr a p hi c al a c c e s s t o a gr e e n s p a c e ( g e o gr a p hi c al a c c e s s). T hi s w a s al s o 

u s e d  t o  a s s e s s  t h e  a v er a g e  ar e a  of  gr e e n  s p a c e  p er  c a pit a  ( U G S  p er 

c a pit a), Fi g. 2 . 

2. 3. 1. St atisti c al a n al ysis 

M ulti pl e li n e ar r e gr e s si o n ( M L R) m o d el w a s u s e d t o s e e if p e o pl e' s 

p er c e pti o n s of U G S w er e r el at e d t o t h eir g e o gr a p hi c al a c c e s s t o U G S. I n 

t hi s st u d y w e e x a mi n e t h e a c c e s s t o U G S a n d t h e ar e a of U G S gi v e n t h at 

t h e  si z e  of  U G S  c o ul d  b e  a s  i m p ort a nt  a s  t h e  e a s e  of  a c c e s s  t o  U G S 

e s p e ci all y d uri n g p a n d e mi c ti m e s t h at r e q uir e li miti n g cr o w di n g i n o p e n 

s p a c e s. T h er ef or e, w e c o n str u ct t w o M L R m o d el s pr e di cti n g e a c h s ur v e y 

r e s p o n s e b a s e d o n t h e t w o gr e e n s p a c e m e a s ur e s ( g e o gr a p hi c al a c c e s s 

a n d U G S p er c a pit a, Fi g. 3 ). It i s i m p ort a nt t o e m p h a si z e t h at t h e s c o p e of 

t hi s st u d y i s n ot t o pr o vi d e pr e ci s e d e fi niti o n s f or l ar g e a n d s m all gr e e n 

s p a c e s i n N Y C. I n st e a d, w e a d o pt a c o m p ar ati v e a p pr o a c h b y d e s cri bi n g 

ur b a n gr e e n s p a c e s a s eit h er l ar g er or s m all er b a s e d o n t h e a v er a g e gr e e n 

Fi g. 2. Zi p c o d e s t h at h a d at l e a st 8 s ur v e y r e s p o n s e s.  
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s p a c e a v ail a bl e p er i n h a bit a nt. T h e i n d e p e n d e nt v ari a bl e s ar e t h e o ut -

c o m e s of t h e s o ci al s ur v e y q u e sti o n s s h o w n a b o v e ( s e e T a bl e 1 ). 

Fi g. 3 s h o w s t h at s e v er al zi p c o d e s h a v e hi g h g e o gr a p hi c al a c c e s s b ut 

s uff er fr o m l o w U G S p er c a pit a r at e a n d s o m e zi p c o d e s s h o w a c o ntr ar y 

tr e n d. T hi s m a y i n di c at e t h at w hil e s o m e zi p c o d e s e nj o y a hi g h n u m b er 

of “ w ell ” di stri b ut e d  U G S,  t h e s e  U G S  ar e  s m all. Fi g.  4 ill u str at e s 

i n di c at or s r el at e d t o U G S a n d p o p ul ati o n di stri b uti o n a cr o s s t h e cit y' s 

b or o u g h s. 

Fi g s. 3 a n d 4 i n di c at e t h e di s pr o p orti o n at e di stri b uti o n of U G S a cr o s s 

N Y C. T h e a v er a g e U G S i n m 2 p e r c a pit a i s 1 8, 7, 7, 1 1, a n d 5 0 i n Br o n x, 

Br o o kl y n,  M a n h att a n,  Q u e e n s,  a n d  St at e n  I sl a n d  r e s p e cti v el y.  S o m e 

b or o u g h s e nj o y a hi g h p orti o n of U G S n u m b er b ut s h ar e a l o w p orti o n of 

t h e  t ot al  U G S  ar e a  s u c h  a s  Br o o kl y n  a n d,  t o  a  l e s s er  e xt e nt,  Q u e e n s. 

C o n s e q u e ntl y, w e c o n d u ct a bi v ari at e a n al y si s wit h t h e S p e ar m a n' s r a n k 

c orr el ati o n  c o ef fi ci e nt  ( S p e ar m a n,  1 9 0 6 )  t o  e x a mi n e  t h e  c orr el ati o n 

b et w e e n  s o ci al  v ul n er a bilit y  i n di c at or s  a n d  g e o gr a p hi c al  a c c e s s  a n d 

U G S p er c a pit a. 

I n a pr e vi o u s st u d y, w e c o n d u ct e d a c o m p ar ati v e a n al y si s u si n g t h e 

s o ci al  v ul n er a bilit y  i n di c at or s  ori gi n all y  s el e ct e d  b y  t h e  C e nt er s  f or 

Di s e a s e C o ntr ol a n d Pr e v e nti o n ( C D C) t o d e v el o p it s S o ci al V ul n er a bilit y 

I n d e x (M c P h e ar s o n et al., 2 0 2 0 ). T h e s e i n di c at or s ar e cl a s si fi e d i nt o f o ur 

gr o u p s: e c o n o mi c st at u s, h o u si n g c o m p o siti o n a n d di s a bilit y, mi n orit y 

st at u s a n d l a n g u a g e, a n d h o u si n g t y p e a n d tr a n s p ort ati o n. M c P h e ar s o n 

et al. ( 2 0 2 0) a d d e d t hr e e a d diti o n al i n di c at or s t o t h e o n e s d e fi n e d b y 

C D C  t o  r e pr e s e nt  a c c e s s  t o  h e alt h c ar e  ( p er c e nt  p o p ul ati o n  wit h o ut 

h e alt h i n s ur a n c e), a m e a s ur e of t h e e c o n o mi c str e s s i n d u c e d b y h o u si n g 

c o st s  ( p er c e nt p o p ul ati o n e x p eri e n ci n g r e nt b ur d e n), a n d a c o ar s e i n -

di c at or of h o u si n g a v ail a bilit y ( p er c e nt v a c a nt h o u si n g u nit s). T h e a u -

t h or s f o u n d t h at i m m e di at e i m p a ct s of C O VI D- 1 9 l ar g el y f all al o n g li n e s 

of  r a c e  a n d  cl a s s.  I n di c at or s  of  p o v ert y,  r a c e,  di s a bilit y,  l a n g u a g e 

i s ol ati o n,  r e nt  b ur d e n,  u n e m pl o y m e nt,  l a c k  of  h e alt h  i n s ur a n c e,  a n d 

h o u si n g cr o w di n g all si g ni fi c a ntl y dri v e s p ati al p att er n s i n pr e v al e n c e of 

C O VI D- 1 9  t e sti n g,  c o n fir m e d  c a s e s,  d e at h  r at e s,  a n d  s e v erit y.  I n c o m e 

h a s a c o n si st e nt n e g ati v e r el ati o n s hi p wit h r at e s of d e at h a n d di s e a s e 

s e v erit y.  T h e  l ar g e st  diff er e n c e s  i n  s o ci al  v ul n er a bilit y  i n di c at or s  ar e 

al s o dri v e n b y p o p ul ati o n s of p e o pl e of c ol or, p o v ert y, h o u si n g cr o w d -

i n g,  a n d  r at e s  of  di s a bilit y.  B uil di n g  o n  t hi s  pr e vi o u s  a n al y si s,  w e 

c orr el at e  b ot h  g e o gr a p hi c  a c c e s si bilit y  t o  U G S  al o n g si d e  l o c ati o n s 

i d e nti fi e d  a s  eit h er  hi g h,  m e di u m,  or  l o w  cl u st er  ar e a s  of  C O VI D- 1 9 

i n ci d e n c e a n d s e v erit y. 

2. 3. 1. 1.  D at a  pr e pr o c essi n g. W e  q u a nti fi e d  t h e  d e gr e e  of  m ulti -

c olli n e arit y i n i n d e p e n d e nt v ari a bl e s ( T a bl e 1 ) wit h t h e v ari a n c e i n fi a -

ti o n f a ct or ( VI F). W e f o u n d a si g ni fl c a nt c olli n e arit y b et w e e n tr a v el ti m e 

a n d w al k ti m e. W e, t h er ef or e, e x cl u d e d t h e tr a v el ti m e v ari a bl e. T h e VI F 

T a bl e 1 

S ur v e y r e s p o n s e s ( at t h e zi p c o d e l e v el) f or q u e sti o n s r el at e d t o c o n c er n s a b o ut 

vi siti n g U G S, a c c e s s t o diff er e nt t y p e s of U G S, a n d tr a v el ti m e t o U G S, u s e d a s 

v ari a bl e s  i n  M L R.  All  v ari a bl e s  r e pr e s e nt  pr o p orti o n s  of  r e s p o n d e nt s  w h o 

s el e ct e d t h e n a m e d r e s p o n s e ( 0 t o 1) e x c e pt f or tr a v el ti m e s, w hi c h r e pr e s e nt t h e 

m e a n of s el e ct e d tr a v el ti m e s i n mi n ut e s.  

V ari a bl e S ur v e y q u e sti o n /r e s p o n s e  Pr o p o rti o n / 

a v er a g e 

S T D 

C o n c er n s a b o ut 

U G S 

C urr e ntl y, w h at c o n c er n s, if a n y, d o y o u h a v e wit h vi siti n g p ar k s 

or o p e n s p a c e ? 

A c c e s s I d o n ot h a v e e a s y a c c e s s  0. 0 7 4 0. 0 7 9 

Cr o w d e d T o o cr o w d e d 0. 5 8 9 0. 1 5 2 

S o ci al Di st a n ci n g  P e o pl e ar e n ot pr a cti ci n g s o ci al 

di st a n ci n g 

0. 6 0 2 0. 1 3 4 

S af et y It d o e s n ot f e el s af e 0. 1 1 8 0. 0 8 1 

Cl e a nli n e s s  N ot b ei n g m ai nt ai n e d / k e pt 

cl e a n s 

0. 1 0 6 0. 0 9 2 

C hil dr e n ar e a  N ot c hil d-fri e n dl y 0. 0 3 0 0. 0 4 7 

N e e d s n ot m et  D o e s n ot m e et m y n e e d s 0. 0 1 0 0. 0 2 7  

T y p e of U G S 

a c c e s s 

C urr e ntl y, w hi c h o ut d o o r l o c ati o n s d o y o u f e el y o u h a v e s af e 

a n d e a s y a c c e s s t o ? 

A c c e s s P ar k  P u bli c p ar k 0. 7 9 8 0. 1 1 3 

A c c e s s N at ur al  N at ur al ar e a 0. 2 2 7 0. 1 4 9 

A c c e s s B e a c h  B e a c h 0. 1 1 7 0. 1 2 9 

A c c e s s N Y C H A  N Y C H A o ut d o or s p a c e 0. 0 1 2 0. 0 2 7 

A c c e s s Pl a z a  P u bli c pl a z a 0. 1 5 2 0. 1 1 1 

A c c e s s G ar d e n  C o m m u nit y g a r d e n 0. 0 9 7 0. 0 8 7 

A c c e s s O p e n 

Str e et 

Str e et o p e n e d f o r s o ci al 

di st a n ci n g 

0. 3 1 3 0. 1 9 6  

Tr a v el ti m e t o 

U G S 

C urr e ntl y, h o w l o n g d o e s it t a k e y o u t o t r a v el t o t h e p a r k or o p e n 

s p a c e t h at y o u vi sit m o st oft e n ? 

Tr a v el Ti m e  A v er a g e tr a v el ti m e b y a n y 

m e a n s 

6. 7 6 8 4. 0 4 7 

W al k Ti m e  A v er a g e tr a v el ti m e o n f o ot  5. 9 6 5 3. 5 2 4  

Fi g. 3. ( a) p er c e nt a g e of zi p c o d e r e si d e nt s wit hi n 4 0 0- m tr a v el di st a n c e of U G S, a n d ( b) a v er a g e gr e e n s p a c e ( m 2 ) p e r i n h a bit a nt ( o nl y t h o s e wit hi n 4 0 0 m tr a v el 

di st a n c e of t h e U G S). 
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di d  n ot  s h o w  c olli n e arit y  b et w e e n  t h e  r e st  of  t h e  v ari a bl e s  wit h  VI F 

v al u e s < 2. 5 ( S al m er ó n et al., 2 0 1 8 ). F urt h er m or e, w e st a n d ar di z e d all 

i n d e p e n d e nt v ari a bl e s a s t h e y h a v e b e e n m e a s ur e d i n diff er e nt u nit s. 

W e  t e st all  p o s si bl e  s u b s et s  of t h e  s et  of  p ot e nti al  c a n di d at e i n d e -

p e n d e nt v ari a bl e s ( 3 2, 7 6 7 s u b s et s) u si n g a f ull st e p wi s e m et h o d f or e a c h 

d e p e n d e nt v ari a bl e t o e x cl u d e irr el e v a nt v ari a bl e s t h at w o ul d d e cr e a s e 

t h e pr e ci si o n of t h e e sti m at e d c o ef fi ci e nt s. T a bl e 2 li st s t h e i n d e p e n d e nt 

v ari a bl e s t h at ar e i ntr o d u c e d i n t h e fi n al M L R m o d el w hi c h ar e s el e ct e d 

a c c or di n g  t o  B a y e si a n  i nf or m ati o n  crit eri o n  ( BI C)  a n d  a dj u st e d  R 2 

(R aff al o vi c h et al., 2 0 0 8 ). 

3.  R e s ult s 

3. 1. P er c e pti o ns a n d g e o gr a p hi c al a c c ess t o U G S 

T a bl e  3 s u m m ari z e s  t h e  M L R  o ut c o m e s.  P o siti v e  pr e di ct or s  of 

g e o gr a p hi c al a c c e s s t h at ar e st ati sti c all y si g ni fi c a nt at P-l e v el > 0. 0 5 ar e 

c o n c er n s  wit h  pr a cti ci n g  s o ci al  di st a n ci n g,  c o n c er n s  wit h  m e eti n g 

o v er all n e e d s, e a s y a c c e s s t o p u bli c p ar k s, a n d e a s y a c c e s s t o c o m m u nit y 

g ar d e n s.  E a s y a c c e s s t o n at ur al ar e a s i s a n e g ati v e  pr e di ct or. P o siti v e 

pr e di ct or s of U G S p er c a pit a t h at ar e st ati sti c all y si g ni fi c a nt at P-l e v el >

0. 0 5 ar e h a vi n g e a s y a c c e s s t o p u bli c p ar k s, b e a c h e s, a n d o p e n str e et s. 

T h e f a ct t h at m o st zi p c o d e s, w hi c h h a v e a gr o u p of ≥ 8 r e s p o n s e s, h a v e 

a c c e s s  t o  b e a c h  or  w at erfr o nt s  ( Fi g.  1 ),  r e s ult e d  i n  a  str o n g  p o siti v e 

r el ati o n s hi p b et w e e n U G S p er c a pit a a n d p er c ei v e d a c c e s s t o b e a c h or 

w at erfr o nt s. T h e p o siti v e r el ati o n s hi p b et w e e n U G S p er c a pit a a n d e a s y 

a c c e s s t o b ot h p u bli c p ar k s a n d b e a c h or w at erfr o nt s g e n er all y i n di c at e 

t h at m o st r e s p o n d er s i n t h e f o c al zi p c o d e s (Fi g. 1 ) h a v e a c c e s s t o l ar g e- 

si z e d U G S. T hi s i s f urt h er c o n fir m e d wit h t h e n e g ati v e r el ati o n s hi p b e -

t w e e n  w al ki n g  ti m e  a n d  ar e a  of  U G S  p er  c a pit a.  I nt er e sti n gl y,  a n  i n -

cr e a s e i n t h e a v ail a bl e U G S p er c a pit a s h o w s a r e m ar k a bl e d e cr e a s e i n 

t h e c o n c er n s s ur v e y r e s p o n d e nt s i n di c at e d f or “ t o o m u c h cr o w di n g” . 

T h e o ut c o m e of t h e M L R a n al y si s hi g hli g ht s t h e i m p ort a n c e of h a v -

i n g l ar g e- si z e d U G S, e s p e ci all y d uri n g di s e a s e o ut br e a k s t o e n c o ur a g e 

gr e at er u s e of t h e s e s p a c e s. 

3. 2. S o ci al v ul n er a bilit y a n d a c c ess t o U G S 

T a bl e  4 li st s  S p e ar m a n' s  c orr el ati o n  c o ef fi ci e nt s  b et w e e n  s o ci al 

v ul n er a bilit y  i n di c at or s a n d g e o gr a p hi c al a c c e s s,  U G S p er c a pit a, a n d 

Fi g. 4. T h e pr o p orti o n of p o p ul ati o n p er b or o u g h (l eft), ar e a of U G S ( mi d dl e), a n d pr o p orti o n of U G S s p er b or o u g h i n p er c e nt a g e (ri g ht).  

T a bl e 2 

I n d e p e n d e nt  v ari a bl e s  i n cl u d e d  i n  t h e  fi n al t w o  M L R  m o d el s  pr e di cti n g  e a c h 

s ur v e y r e s p o n s e b a s e d o n t h e t w o gr e e n s p a c e m e a s ur e s ( g e o gr a p hi c al a c c e s s 

a n d U G S p er c a pit a.  

V ari a bl e Y v ari a bl e ( g e o g r a p hi c al 

a c c e s s) 

Y v ari a bl e ( U G S p er 

c a pit a) 

A c c e s s – – 

Cr o w d e d I n cl u d e d I n cl u d e d 

S o ci al Di st a n ci n g  I n cl u d e d – 

S af et y – – 

Cl e a nli n e s s – – 

C hil dr e n ar e a  I n cl u d e d – 

N e e d s n ot m et  I n cl u d e d – 

A c c e s s P ar k  I n cl u d e d I n cl u d e d 

A c c e s s N at ur al  I n cl u d e d – 

A c c e s s B e a c h – I n cl u d e d 

A c c e s s N Y C H A  I n cl u d e d – 

A c c e s s Pl a z a – – 

A c c e s s G ar d e n  I n cl u d e d I n cl u d e d 

A c c e s s O p e n Str e et – I n cl u d e d 

W al k Ti m e – I n cl u d e d  

T a bl e 3 

R e g r e s si o n  r e s ult s  f or  t h e  t w o  M L R  m o d el s  pr e di cti n g  e a c h  s ur v e y  r e s p o n s e 

b a s e d  o n  t h e  t w o  gr e e n  s p a c e  m e a s ur e s  ( g e o gr a p hi c al  a c c e s s  a n d  U G S  p er 

c a pit a).  

V ari a bl e Y v ari a bl e ( G e o gr a p hi c al 

a c c e s s) 

Y v ari a bl e ( U G S p er 

c a pit a) 

Cr o w d e d − 0. 2 6 8 − 0. 4 9 2 * * * 

S o ci al Di st a n ci n g  0. 4 3 8 * * – 

C hil dr e n ar e a − 0. 2 4 7 – 

M e et n e e d s  0. 3 6 5 * – 

A c c e s s P ar k  0. 2 8 7 * 0. 3 1 3 * * 

A c c e s s N at ur al − 0. 3 2 3 * – 

A c c e s s B e a c h – 0. 6 9 4 * * * 

A c c e s s N Y C H A  0. 1 6 6 – 

A c c e s s G ar d e n  0. 4 7 5 * * * 0. 1 2 5 

A c c e s s O p e n 

Str e et 

– 0. 2 5 5 * 

W al k Ti m e – − 0. 2 3 9 * *  

R 2: 0. 5 6, a dj u st e d R 2: 0. 4 7  R 2: 0. 7 7, a dj u st e d R 2: 0. 7 2 

Si g nif. c o d e s: 0. 0 0 1 ‘ * * * ’ 0. 0 1 ‘ * * ’ 0. 0 5 ‘ * ’. 

T a bl e 4 

S p e ar m a n' s c orr el ati o n b et w e e n s o ci al v ul n er a bilit y i n di c at or s a n d g e o gr a p hi c al 

a c c e s s, U G S p er c a pit a, a n d a v er a g e U G S ar e a p er zi p c o d e.   

V ari a bl e  G e o gr a p hi c al 

a c c e s s 

U G S p er 

c a pit a 

A v er a g e 

U G S ar e a 

p er zi p c o d e 

E c o n o mi c 

st at u s 

B el o w P o v ert y  0. 4 3 9 * * * − 0. 1 8 3 * − 0. 1 4 8 * 

U n e m pl o y m e nt  0. 2 7 8 * * * − 0. 0 1 4 − 0. 0 1 9 

M e di a n I n c o m e − 0. 3 4 1 * * *  0. 0 4 7  0. 0 5 7 

H e alt h 

I n s ur a n c e 

0. 0 0 7 − 0. 0 8 9 − 0. 1 0 1 

R e nt b ur d e n  0. 0 8 7 0. 0 1 5 − 0. 0 4 6 

H o u s e h ol d 

c o m p o siti o n 

a n d 

di s a bilit y 

A b o v e 6 5 − 0. 2 8 1 * * *  0. 2 7 0 * * *  0. 2 3 7 * * * 

B el o w 1 7  0. 0 9 1 0. 2 2 8 * *  0. 1 2 0 

Di s a bilit y  0. 1 4 0 0. 2 8 9 * * *  0. 2 5 1 * * * 

Mi n orit y 

st at u s 

P e o pl e of C ol or  0. 1 9 0 * *  0. 0 1 6 − 0. 0 4 6 

L a n g u a g e 

I s ol ati o n 

0. 1 3 4 − 0. 0 1 2 − 0. 0 3 8 

H o u si n g t y p e  M ulti- U nit  0. 5 3 7 * * * − 0. 4 3 0 * * * − 0. 2 8 4 * * * 

M o bil e H o m e s − 0. 2 3 0 * *  0. 1 1 5  0. 1 9 3 * * 

Cr o w d e d 

h o u s e h ol d s 

0. 1 8 4 * − 0. 1 8 0 * − 0. 1 8 6 * 

Gr o u p Q u art er s  0. 3 3 5 * * * − 0. 0 8 3 − 0. 1 2 4 

V a c a nt H o u si n g − 0. 0 9 6 − 0. 2 4 9 * * * − 0. 2 9 1 * * * 

Si g nif. c o d e s: 0. 0 0 1 ‘ * * * ’ 0. 0 1 ‘ * * ’ 0. 0 5 ‘ * ’. 

A. M ust af a et al.                                                                                                                                                                                                                                



Cities 143 (2023) 104572

7

the average UGS area (size) per zip code. Our analysis indicates that 
lower-income communities, characterized by higher rates of population 
below poverty and unemployment, as well as lower median income, 
exhibit higher access to UGS. However, zip codes with a higher preva
lence of population below the poverty line lack sufficient UGS area per 
capita and have access to smaller UGS. This discrepancy is likely because 
low-income individuals often reside in multi-unit buildings and densely 
populated residential units due to financial constraints preventing them 
from affording single-family homes. The noteworthy positive correlation 
between geographical access and negative correlation between UGS per 
capita with multi-unit buildings and crowded households further sup
ports this observation. Additionally, Spearman's correlation between 
multi-unit buildings, crowded residential units, and the average UGS 
area per zip code reveals that individuals living in such housing condi
tions have access to smaller UGS spaces. 

Elderly residents, expressed by people above 65 in Table 4, tend to 
live in neighborhoods with a low access rate to UGS and large UGS. USG 
per capita and average UGS area per zip code shows positive association 
with household composition and disability variables. According to the 
results of our survey and recent analysis, people of color have sufficient 
access to green spaces. Strikingly, there is no association between UGS 
per capita and minority status. Vacant Housing has no association with 
geographical access to UGS and has a notable negative association with 
UGS per capita meaning that these housing units can be found in areas 
with small green spaces. 

4. Discussion 

This study delved into the perception and geographic accessibility of 
UGS among NYC residents during the first COVID-19 wave. While our 
research's scope is UGS accessibility during the pandemic, considering 
additional factors like lockdowns, quarantines, and extended park 
closure times would contribute to a more comprehensive understanding 
of the pandemic's distinct effects on UGS accessibility and usage. 
Exploring this avenue remains a future research direction stemming 
from the current study's findings. 

This study also explored the correlations between access to UGS and 
UGS per capita, and indicators of social vulnerability. Using measures of 
the geographic distribution of UGS, and survey responses concerning 
ease of access and concerns with social distancing, the study results 
indicate that concerns over practicing social distancing, ease of access to 
parks and open spaces, and meeting overall needs including quality of 
UGS amenities are positively related to geographical access. However, 
our survey and findings also suggest that both physical and socio- 
personal factors influence perceived accessibility to parks and open 
spaces in NYC, particularly during the COVID-19 pandemic (Lopez et al., 
2021). In some cases, usership declined in part because of perceived 
safety risks, inability to socially distance, and the amenities or services a 
UGS provides (Lopez et al., 2021). Our analysis revealed that UGS size is 
a critical factor as is the travel distance, in understanding the charac
teristics and influencing factors of visitation and use which is in line with 
Wang, Brown, Liu (2015), Paul and Nagendra (2017), Basu and 
Nagendra (2021). Thus, from a city planning perspective, it is important 
not to assume that geographic access and proximity to UGS is the most 
reliable predictor of park and open space use, or transfer of benefits 
during times of crisis. 

Our results confirmed that areas of the city with greater availability 
of UGS area per capita had less concerns with overcrowding of UGS. UGS 
size, in addition to the spatial distribution of UGS, was also related to 
survey responses about ease of access, use, and Coronavirus safety. This 
highlights the importance of having large-sized UGS, especially during 
disease outbreaks to encourage greater use of these spaces (See Table 3, 
crowded variable). This also suggests large UGS play a greater role in 
benefit transfer for recreational use, mental and physical health, and 
social cohesion. These results align with studies that examined the in
fluence of park size on perceived accessibility and found similar 

conclusions (e.g., Stessens et al., 2020). 
The results of a spatial analysis in NYC showed that larger UGS are 

unevenly distributed across the five boroughs. The findings of this study 
agree with the work of Miyake et al. (2010) and Rigolon (2016) who 
found that poorer people have access to fewer acres of UGS. Our study 
suggests relatively better UGS access, albeit to smaller areas, in lower- 
income communities. However, it's important to note that this trend 
might not hold true universally and could vary across different cities and 
regions (e.g, Astell-Burt et al., 2014). Our results also highlight a 
discrepancy in perceived access for city dwellers living in multi-unit 
buildings, which the city defines as privately-owned rental properties 
with five or more units. Despite having sufficient geographic access to 
UGS, according to the 10-min walk radius determined by our spatial 
analysis, our results find the UGS near many of these dwellings are not 
sufficient in terms of size. U.S. Census data from the 2018 American 
Community Survey confirms that residents who live in multi-unit 
buildings are more likely to be people of color and lower income. This 
trend suggests that the environmental justice implications related to 
park accessibility may have less to do with geographic access and 
proximity to UGS than perceived accessibility related to the parks size 
and park quality including park amenities and other socio-cultural fac
tors, and perceptions of ease of access. Fig. 5 illustrates groups of zip 
codes that have low UGS per capita and low geographical access (low- 
low), low UGS per capita and high geographical access (low-high), high 
UGS per capita and low geographical access (high-low), and high UGS 
per capita and high (high-high) geographical access according to the 
quantile classification method. Only 11 zip codes out of 178 are classi
fied as high-high, mostly in the Bronx and Queens. More importantly, 
there are 18 zip codes where residents have limited access to insufficient 
areas of green spaces (low-low). In addition to those 18 zip codes, there 
are 24 zip codes that have high access to insufficient green spaces. This 
should be a major concern for policymakers and city planners. Our re
sults indicated that an insufficient area of UGS increases concerns with 
overcrowding and may restrain residents from visiting UGS. Local 
government and not-for-profit organizations are, therefore, recom
mended to invest more funds to purchase vacant lands for parks in zip 
codes that lack sufficient areas of UGS. 

The relationship between UGS availability, and COVID-19 severity 
(deaths/positive cases) is also a key consideration. In Fig. 5 we illustrate 
the overlap and relationship between areas identified in this study as 
having higher access to higher per capita UGS and the COVID-19 
severity rate according to McPhearson et al. (2020). McPhearson et al. 
(2020) identified areas of high and low COVID-19 severity during 
the first wave of COVID-19 outbreak (April 1, 2020, through May 19, 
2020) in NYC. Fig. 5 shows the 22 zip codes classified as low UGS per 
capita and high COVID-19 severity rate. These areas are located pre
dominantly in the NYC boroughs of Brooklyn, the Bronx, and Manhat
tan. The neighborhoods in Brooklyn that correspond to classifications 
are Crown Heights, Prospect Lefferts Gardens, East Flatbush, Bedford 
Stuyvesant, Bushwick, and Brownsville. According to the U.S. Census 
and NYC Community Health Profiles (2018), these neighborhoods are 
primarily working class and low-income people of color (POC) com
munities that have been impacted by disinvestment in social services, 
have lower rates of access to healthcare, and have a higher percentage of 
health outcomes such as obesity, diabetes and hypertension as compared 
to the city as a whole. Similarly, the neighborhoods in the Bronx 
including Claremont Village, Highbridge, Mott Haven, and Hunts Point 
have a similar demographic composition, predominantly POC commu
nities with higher rates of social vulnerability. The neighborhoods in 
Manhattan such as East and Central Harlem, and Washington Heights 
are positioned similarly as well (deviations: Lower East Side, Stuyvesant 
Town, Lincoln Square, Carnegie Hill). This pattern in part shows how 
overlapping COVID-19 vulnerabilities interact with availability and 
usage of urban green spaces for physical and mental health during 
COVID-19 shelter-in-place policies. 

The results of this study have implications for parks managers and 
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or g a ni z er s, t o a d dr e s s u n e v e n di stri b uti o n a n d p er c e pti o n of a c c e s s t o 

U G S,  p arti c ul arl y  f or  s o ci all y  v ul n er a bl e  a n d  at-ri s k  p o p ul ati o n s  w h o 

m a y b e n e fit fr o m t h e di v er s e v al u e s of U G S. I n v e st m e nt s i n f ut ur e U G S 

s h o ul d  c o n si d er  t h e  n e e d  f or  a d e q u at e  s p a c e,  p ar k  q u alit y,  a n d  t h e 

di v er s e  v al u e s  of  c urr e nt  a n d  f ut ur e  u s er s  w hi c h  s h o ul d  i nf or m  t h e 

a m e niti e s  pr o vi d e d  t o  c o m m u niti e s.  H o w e v er,  it  i s  al s o  i m p ort a nt  t o 

c o n si d er  t h at  i n v e sti n g  i n  l ar g er  U G S  wit h o ut  ot h er  i n v e st m e nt s  t o 

c o u nt er  l o n g st a n di n g e n vir o n m e nt al i nj u sti c e s c o ul d tri g g er e n vir o n -

m e nt al  g e ntri fi c ati o n  w hi c h  oft e n  r e s ult s  i n  t h e  di s pl a c e m e nt  of  l o w- 

i n c o m e  r e si d e nt s  ( J o  Bl a c k  a n d  Ri c h ar d s,  2 0 2 0).  I n  a d diti o n,  si m pl y 

i n v e sti n g m or e c a pit al or pl a ci n g m or e v al u e o n e xi sti n g l ar g e U G S m a y 

n ot b e s uf fi ci e nt t o s ati sf y n e e d, p oi nti n g t o t h e criti c al r ol e a d diti o n al 

U G S  c a n  pl a y  e n s ur e  i m pr o v e d  g e o gr a p hi c  a n d  p er c ei v e d  a c c e s s  f or 

t h o s e p e o pl e w h o m a y b e n e fit m o st, e s p e ci all y d uri n g e xtr e m e e v e nt s. 

A s  s u c h,  w e  hi g hli g ht  t h e  i m p ort a n c e  of  di sti n g ui s hi n g  b et w e e n 

g e o gr a p hi c  a n d  p er c ei v e d  a c c e s s  t o  ur b a n  gr e e n  s p a c e s,  p arti c ul arl y 

d uri n g  ti m e s  of  cri si s.  T hi s  will  b e c o m e  i n cr e a si n gl y  i m p ort a nt  a s 

e xtr e m e w e at h er e v e nt s c o nti n u e t o i m p a ct c o m m u niti e s a cr o s s t h e N e w 

Y or k r e gi o n, a n d t h e c a s c a di n g a n d i nt er d e p e n d e nt i m p a ct s of t h e c ur -

r e nt h e alt h a n d e c o n o mi c cri si s. 

Alt h o u g h N e w Y or k Cit y w a s u s e d a s a c a s e st u d y i n t hi s st u d y, ot h er 

st u di e s w hi c h s h o w p att er n s of d e cr e a s e d a c c e s s t o q u alit y U G S b y l o w 

i n c o m e a n d mi n orit y ur b a n r e si d e nt s d e m o n str at e t h e i m p ort a n c e of t h e 

i m pli c ati o n s of o ur fi n di n g s f or citi e s el s e w h er e. W orl d wi d e, t h er e w a s 

w orr y a b o ut cr o w di n g a n d t h e pr a cti c e of s o ci al di st a n ci n g w hil e U G S 

d uri n g p a n d e mi c s. A d diti o n all y, u n e v e n di stri b uti o n a n d a c c e s s t o U G S 

i s  a  pr o bl e m  i n  m a n y  citi e s  U G S  ar o u n d t h e  gl o b e  ( e. g.,  K a bi s c h  a n d 

H a a s e, 2 0 1 4; K a ur et al., 2 0 2 1; W u a n d Ki m, 2 0 2 0; Z h a n g et al., 2 0 2 0). 

T h u s, f urt h er c o m p ar ati v e st u d y e x a mi ni n g p er c ei v e d a n d g e o gr a p hi c 

a c c e s s i n ot h er citi e s gl o b all y, e s p e ci all y gi v e n t h e i m p ort a n c e of u s e of 

U S G d uri n g p a n d e mi c s c o ul d b e u s ef ul t o g ui d e ur b a n pri oriti z ati o n s of 

U G S i n v e st m e nt s i n citi e s s e e ki n g t o i m pr o v e t h e h e alt h a n d w ell b ei n g of 

ur b a n i n h a bit a nt s. 

5.  C o n cl u si o n 

T h e pri m ar y o bj e cti v e of t hi s st u d y w a s t o e x pl or e t h e p er c e pti o n s 

a n d g e o gr a p hi c a c c e s si bilit y of ur b a n gr e e n s p a c e s ( U G S) a m o n g N Y C 

r e si d e nt s  d uri n g  t h e  e arl y  p eri o d  of  t h e  C O VI D- 1 9  p a n d e mi c.  S p e cif -

i c all y, o ur st u d y d el v e d i nt o t h e c orr el ati o n s b et w e e n U G S a c c e s s, U G S 

p er  c a pit a,  a n d  i n di c at or s  of  s o ci al  v ul n er a bilit y.  B y  a n al y zi n g  t h e 

g e o gr a p hi c di stri b uti o n of U G S a n d s ur v e y r e s p o n s e s r el at e d t o e a s e of 

a c c e s s  a n d  c o n c er n s  a b o ut  s o ci al  di st a n ci n g,  w e  f o u n d  t h at  c o n c er n s 

r e g ar di n g s o ci al di st a n ci n g, e a s e of a c c e s s t o p ar k s a n d o p e n s p a c e s, a n d 

m e eti n g o v er all n e e d s, i n cl u di n g q u alit y of U G S a m e niti e s, w er e p o si -

ti v el y r el at e d t o g e o gr a p hi c a c c e s s. 

O ur  a n al y si s  e m p h a si z e d  t h at  U G S  si z e  pl a y e d  a  criti c al  r ol e  i n 

i n fi u e n ci n g vi sit ati o n, u s e, a n d s af et y p er c e pti o n s d uri n g ti m e s of cri si s, 

p arti c ul arl y d u e t o t h e n e e d f or s o ci al di st a n ci n g. T hi s ali g n s wit h pr e -

vi o u s st u di e s ( e. g., W a n g, Br o w n, Li u, 2 0 1 5 ; W a n g, Br o w n, Z h o n g, Li u, 

& M at e o- B a bi a n o, 2 0 1 5 ) a n d hi g hli g ht s t h e i m p ort a n c e of c o n si d eri n g 

f a ct or s  b e y o n d  g e o gr a p hi c  a c c e s s  i n  pr e di cti n g  U G S  a c c e s s  a n d  u s e 

p att er n s. 

O ur fi n di n g s r e v e al t h at c ert ai n c o n c er n s r el at e d t o C O VI D- 1 9, s u c h 

a s cr o w di n g, s o ci al di st a n ci n g, a n d tr a v el ti m e t o U G S, c a n i n d e e d b e 

i nf err e d  b y  g e o gr a p hi c al  pr o xi mit y  v ari a bl e s.  I m p ort a ntl y,  t h e  r el a-

ti o n s hi p b et w e e n U G S si z e a n d u s er s' a bilit y t o pr a cti c e s o ci al di st a n ci n g 

i s a si g ni fi c a nt t a k e a w a y, e c h oi n g t h e i m p ort a n c e of l ar g e U G S s p a c e s 

d uri n g p u bli c h e alt h cri s e s. T h e fl n di n g s of t hi s st u d y hi g hli g ht e d u n -

e v e n U G S di stri b uti o n a cr o s s N Y C' s b or o u g h s, p arti c ul arl y i n r el ati o n t o 

ar e a s  i m p a ct e d  b y  C O VI D- 1 9  s e v erit y.  W e  f o u n d  t h at  n ei g h b or h o o d s 

wit h hi g h er s o ci al v ul n er a bilit y i n di c at or s t e n d e d t o h a v e l e s s a c c e s s t o 

s uf fi ci e nt U G S ar e a s. 

W hil e o ur r e s e ar c h f o c u s e d o n N Y C, t h e i m pli c ati o n s of o ur fi n di n g s 

e xt e n d t o citi e s w orl d wi d e. U n e v e n U G S di stri b uti o n a n d a c c e s s d uri n g 

p a n d e mi c s ar e c h all e n g e s f a c e d b y m a n y ur b a n ar e a s gl o b all y. T h er e -

f or e, c o m p ar ati v e st u di e s e x pl ori n g p er c ei v e d a n d g e o gr a p hi c U G S a c-

c e s s i n ot h er citi e s, e s p e ci all y d uri n g p a n d e mi c s, c o ul d pr o vi d e v al u a bl e 

i n si g ht s f or ur b a n pl a n ni n g str at e gi e s t h at pri oriti z e t h e h e alt h a n d w ell- 

b ei n g of ur b a n p o p ul ati o n s. 

L a stl y, o ur st u d y c o ntri b ut e s t o t h e u n d er st a n di n g of t h e c o m pl e x -

iti e s s urr o u n di n g U G S a c c e s si bilit y d uri n g a cri si s. B y hi g hli g hti n g t h e 

i nt er pl a y  b et w e e n  g e o gr a p hi c  pr o xi mit y,  p er c ei v e d  a c c e s si bilit y,  U G S 

si z e,  a n d  s o ci al  v ul n er a bilit y,  w e  pr o vi d e  a  f o u n d ati o n  f or  m or e 

i nf or m e d ur b a n pl a n ni n g a n d p oli c y d e ci si o n s ai m e d at cr e ati n g r e sili e nt 

a n d e q uit a bl e U G S f or all. 

Fi g. 5. ( L eft) Ur b a n Gr e e n S p a c e s ( U G S) cl u st er s: Zi p c o d e s wit h l o w U G S p er c a pit a (l o w ar e a) a n d hi g h C O VI D- 1 9 s e v erit y r at e s t h at a d o pt e d fr o m M c P h e ar s o n 

et al. ( 2 0 2 0) , a n d Zi p c o d e s wit h c o n si st e nt gr o u pi n g s a s l o w-l o w, l o w- hi g h, hi g h-l o w, a n d hi g h- hi g h f or U G S p er c a pit a a n d g e o gr a p hi c al a c c e s s t o U G S r e s p e cti v el y 

a c c or di n g t o t h e q u a ntil e cl a s si fi c ati o n m et h o d. ( Ri g ht) C O VI D- 1 9 s e v erit y r at e a c c or di n g t o t h e q u a ntil e cl a s si fi c ati o n m et h o d, s o ur c e M c P h e ar s o n et al. ( 2 0 2 0) . ( F or 

i nt er pr et ati o n of t h e r ef er e n c e s t o c ol or i n t hi s fi g ur e l e g e n d, t h e r e a d er i s r ef err e d t o t h e w e b v er si o n of t hi s arti cl e.) 

A. M ust af a et al.                                                                                                                                                                                                                                



Cities 143 (2023) 104572

9

CRediT authorship contribution statement 

Ahmed Mustafa: Conceptualization, Methodology, Formal analysis, ̀  
Writing- Original draft preparation, Writing-Reviewing and Editing. 
Christopher Kennedy: Methodology, Writing- Original draft prepara
tion, Writing-Reviewing and Editing. Bianca Lopez: Methodology, 
Formal analysis, Writing- Reviewing and Editing. Timon McPhearson: 
Supervision, Conceptualization, Writing- Reviewing and Editing. All 
authors have read and agreed to the published version of the 
manuscript. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Data availability 

Data will be made available on request. 

Acknowledgments 

This material is based upon work supported by the National Science 
Foundation under Grant Number 2029918, 1934933, and 1927167. 
Funding for the study is also provided in part by the New York State 
Health Foundation under Grant Number 20-12379, with additional 
support from the Nature Conservancy of New York and Building Healthy 
Communities NYC. Any opinions, findings, conclusions, or recommen
dations expressed in this material are those of the author(s) and do not 
necessarily reflect the views of the funding institutions. 

References 

Angel, S., Tamayo, M. M. S., Lamson-Hall, P., & Blei, A. (2020). The coronavirus and the 
cities: Explaining variations in U.S. metropolitan areas as of 27 March 2020. 

Anteneh, M. B., Damte, D. S., Abate, S. G., & Gedefaw, A. A. (2023). Geospatial 
assessment of urban green space using multi-criteria decision analysis in Debre 
Markos City, Ethiopia. Environmental Systems Research, 12, 7. https://doi.org/ 
10.1186/s40068-023-00291-x 

Balai Kerishnan, P., & Maruthaveeran, S. (2021). Factors contributing to the usage of 
pocket parks a review of the evidence. Urban Forestry & Urban Greening, 58, Article 
126985. https://doi.org/10.1016/j.ufug.2021.126985 

Basu, S., & Nagendra, H. (2021). Perceptions of park visitors on access to urban parks and 
benefits of green spaces. Urban Forestry & Urban Greening, 57, 126959. 

Berdejo-Espinola, V., Suarez-Castro, A. F., Amano, T., Fielding, K. S., Oh, R. R. Y., & 
Fuller, R. A. (2021). Urban green space use during a time of stress: A case study 
during the COVID-19 pandemic in Brisbane, Australia. People Nature, 3, 597 609. 
https://doi.org/10.1002/pan3.10218 

Bratman, G. N., Anderson, C. B., Berman, M. G., Cochran, B., Vries, S.d., Flanders, J., , 
Hartig, T., et al. (2019). Nature and mental health: An ecosystem service perspective. 
Science Advances, 5, Article eaax0903. 

Bratman, G. N., Daily, G. C., Levy, B. J., & Gross, J. J. (2015). The benefits of nature 
experience: Improved affect and cognition. Landscape and Urban Planning, 138, 
41 50. 

Brown, G., Schebella, M. F., & Weber, D. (2014). Using participatory GIS to measure 
physical activity and urban park benefits. Landscape and Urban Planning, 121, 34 44. 

Ciupa, T., & Suligowski, R. (2021). Green-blue spaces and population density versus 
COVID-19 cases and deaths in Poland. International Journal of Environmental Research 
and Public Health, 18, 6636. https://doi.org/10.3390/ijerph18126636 

Cohen, D. A., Marsh, T., Williamson, S., Derose, K. P., Martinez, H., Setodji, C., & 
McKenzie, T. L. (2010). Parks and physical activity: Why are some parks used more 
than others? Preventive Medicine, 50, S9 S12. 

Danford, R. S., Strohbach, M. W., Warren, P. S., & Ryan, R. L. (2018). Active greening or 
rewilding the city: How does the intention behind small pockets of urban green affect 
use? Urban Forestry & Urban Greening, 29, 377 383. https://doi.org/10.1016/j. 
ufug.2017.11.014. Wild urban ecosystems: Challenges and opportunities for urban 
development. 

De Luca, C., Libetta, A., Conticelli, E., & Tondelli, S. (2021). Accessibility to and 
availability of urban green spaces (UGS) to support health and wellbeing during the 
COVID-19 pandemic The case of Bologna. Sustainability, 13, 11054. https://doi. 
org/10.3390/su131911054 

Deboosere, R., & El-Geneidy, A. (2018). Evaluating equity and accessibility to jobs by 
public transport across Canada. Journal of Transport Geography, 73, 54 63. https:// 
doi.org/10.1016/j.jtrangeo.2018.10.006 

Felappi, J. F., Sommer, J. H., Falkenberg, T., Terlau, W., & Kotter, T. (2020). Green 
infrastructure through the lens of One Health : A systematic review and integrative 
framework uncovering synergies and trade-offs between mental health and wildlife 
support in cities. Science of the Total Environment, 748, 141589. https://doi.org/ 
10.1016/j.scitotenv.2020.141589 

Geurs, K. T., & van Wee, B. (2004). Accessibility evaluation of land-use and transport 
strategies: Review and research directions. Journal of Transport Geography, 12, 
127 140. https://doi.org/10.1016/j.jtrangeo.2003.10.005 

Giles-Corti, B., Broomhall, M. H., Knuiman, M., Collins, C., Douglas, K., Ng, K., 
Donovan, R. J. (2005). Increasing walking: How important is distance to, 
attractiveness, and size of public open space? American Journal of Preventive 
Medicine, 28, 169 176. https://doi.org/10.1016/j.amepre.2004.10.018 

Grzyb, T., Kulczyk, S., Derek, M., & Wozniak, E. (2021). Using social media to assess 
recreation across urban green spaces in times of abrupt change. Ecosystem Services, 
49, 101297. https://doi.org/10.1016/j.ecoser.2021.101297 

Hamer, M., & Chida, Y. (2008). Walking and primary prevention: A meta-analysis of 
prospective cohort studies. British Journal of Sports Medicine, 42, 238 243. 

Hamstead, Z. A., Fisher, D., Ilieva, R. T., Wood, S. A., McPhearson, T., & Kremer, P. 
(2018). Geolocated social media as a rapid indicator of park visitation and equitable 
park access. Computers, Environment and Urban Systems, 72, 38 50. 

Jato-Espino, D., Moscardo, V., Vallina Rodríguez, A., & Lazaro, E. (2022). Spatial 
statistical analysis of the relationship between self-reported mental health during the 
COVID-19 lockdown and closeness to green infrastructure. Urban Forestry & Urban 
Greening, 68, Article 127457. https://doi.org/10.1016/j.ufug.2021.127457 

Kaczynski, A. T., & Henderson, K. A. (2007). Environmental correlates of physical 
activity: A review of evidence about parks and recreation. Leisure Sciences, 29, 
315 354. 

Kahlmeier, S., Kelly, P., Foster, C., Gotschi, T., Cavill, N., Dinsdale, H., Lieb, C. (2014). 
Health economic assessment tools (HEAT) for walking and for cycling: Methodology and 
user guide: Economic assessment of transport infrastructure and policies: 2014 update 
(World Health Organization). 

Kondo, M. C., Fluehr, J. M., McKeon, T., & Branas, C. C. (2018). Urban green space and 
its impact on human health. International Journal of Environmental Research and 
Public Health, 15, 445. 

Kondo, M. C., Jacoby, S. F., & South, E. C. (2018). Does spending time outdoors reduce 
stress? A review of real-time stress response to outdoor environments. Health & 
Place, 51, 136 150. 

Larcher, F., Pomatto, E., Battisti, L., Gullino, P., & Devecchi, M. (2021). Perceptions of 
urban green areas during the social distancing period for COVID-19 containment in 
Italy. Horticulturae, 7, 55. https://doi.org/10.3390/horticulturae7030055 

Lee, A. C., & Maheswaran, R. (2011). The health benefits of urban green spaces: A review 
of the evidence. Journal of Public Health (Oxford, England), 33, 212 222. 

Lee, A. C. K., Jordan, H. C., & Horsley, J. (2015). Value of urban green spaces in 
promoting healthy living and wellbeing: Prospects for planning. Risk Management 
Healthcare Policy, 8, 131 137. 

Li, D., Deal, B., Zhou, X., et al. (2018). Moving beyond the neighborhood: Daily exposure 
to nature and adolescents mood. Landscape and Urban Planning, 173, 33 43. 

Liu, S., & Wang, X. (2021). Reexamine the value of urban pocket parks under the impact 
of the COVID-19. Urban Forestry & Urban Greening, 64, Article 127294. https://doi. 
org/10.1016/j.ufug.2021.127294 

Lopez, B., Kennedy, C., Field, C., & McPhearson, T. (2021). Who benefits from urban 
green spaces during times of crisis? Perception and use of urban green spaces in new 
York City during the COVID-19 pandemic. Urban Forestry & Urban Greening, 65, 
127354. 

Maas, J., Verheij, R. A., Groenewegen, P. P., Vries, S.d., & Spreeuwenberg, P. (2006). 
Green space, urbanity, and health: How strong is the relation? Journal of 
Epidemiology & Community Health, 60, 587 592. 

Maury-Mora, M., Gomez-Villarino, M. T., & Varela-Martínez, C. (2022). Urban green 
spaces and stress during COVID-19 lockdown: A case study for the city of Madrid. 
Urban Forestry & Urban Greening, 69, 127492. https://doi.org/10.1016/j. 
ufug.2022.127492 

McPhearson, T., Grabowski, Z. J., Herreros-Cantis, P., Mustafa, A., Ortiz, L., Kennedy, C., 
Vantu, A. (2020). Pandemic injustice: Spatial and social distributions of the first 

wave of COVID-19 in the US epicenter. Advance, 13256240, v1. 
Mesimaki, M., Hauru, K., & Lehvavirta, S. (2019). Do small green roofs have the 

possibility to offer recreational and experiential benefits in a dense urban area? A 
case study in Helsinki, Finland. Urban Forestry & Urban Greening, 40, 114 124. 
https://doi.org/10.1016/j.ufug.2018.10.005. Urban green infrastructure 
connecting people and nature for sustainable. cities. 

Miyake, K. K., Maroko, A. R., Grady, K. L., et al. (2010). Not just a walk in the park: 
Methodological improvements for determining environmental justice implications of 
park access in New York City for the promotion of physical activity. Cities 
Environment, 3, 1 17. 

New York State Department of Health and Mental Hygiene. (2020). Novel Coronavirus 
(COVID-19). Department of Health. https://coronavirus.health.ny.gov/home.  

Noszczyk, T., Gorzelany, J., Kukulska-Kozie , A., & Hernik, J. (2022). The impact of the 
COVID-19 pandemic on the importance of urban green spaces to the public. Land Use 
Policy, 113, Article 105925. https://doi.org/10.1016/j.landusepol.2021.105925 

Ortiz, L., Mustafa, A., Cantis, P. H., & McPhearson, T. (2022). Overlapping heat and 
COVID-19 risk in New York City. Urban Climate, 41, Article 101081. https://doi.org/ 
10.1016/j.uclim.2021.101081 

Paul, S., & Nagendra, H. (2017). Factors influencing perceptions and use of urban nature: 
Surveys of park visitors in Delhi. Land, 6, 1 23. 

Peschardt, K. K., Schipperijn, J., & Stigsdotter, U. K. (2012). Use of small public urban 
green spaces (SPUGS). Urban Forestry & Urban Greening, 11, 235 244. https://doi. 
org/10.1016/j.ufug.2012.04.002 

A. Mustafa et al.                                                                                                                                                                                                                                

http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0005
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0005
https://doi.org/10.1186/s40068-023-00291-x
https://doi.org/10.1186/s40068-023-00291-x
https://doi.org/10.1016/j.ufug.2021.126985
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0010
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0010
https://doi.org/10.1002/pan3.10218
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0015
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0015
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0015
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0020
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0020
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0020
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0025
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0025
https://doi.org/10.3390/ijerph18126636
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0055
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0055
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0055
https://doi.org/10.1016/j.ufug.2017.11.014
https://doi.org/10.1016/j.ufug.2017.11.014
https://doi.org/10.3390/su131911054
https://doi.org/10.3390/su131911054
https://doi.org/10.1016/j.jtrangeo.2018.10.006
https://doi.org/10.1016/j.jtrangeo.2018.10.006
https://doi.org/10.1016/j.scitotenv.2020.141589
https://doi.org/10.1016/j.scitotenv.2020.141589
https://doi.org/10.1016/j.jtrangeo.2003.10.005
https://doi.org/10.1016/j.amepre.2004.10.018
https://doi.org/10.1016/j.ecoser.2021.101297
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0065
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0065
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0070
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0070
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0070
https://doi.org/10.1016/j.ufug.2021.127457
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0080
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0080
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0080
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0085
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0085
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0085
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0085
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0095
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0095
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0095
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0100
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0100
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0100
https://doi.org/10.3390/horticulturae7030055
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0105
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0105
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0110
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0110
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0110
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0115
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0115
https://doi.org/10.1016/j.ufug.2021.127294
https://doi.org/10.1016/j.ufug.2021.127294
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0120
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0120
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0120
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0120
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0130
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0130
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0130
https://doi.org/10.1016/j.ufug.2022.127492
https://doi.org/10.1016/j.ufug.2022.127492
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0135
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0135
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0135
https://doi.org/10.1016/j.ufug.2018.10.005
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0145
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0145
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0145
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0145
https://coronavirus.health.ny.gov/home
https://doi.org/10.1016/j.landusepol.2021.105925
https://doi.org/10.1016/j.uclim.2021.101081
https://doi.org/10.1016/j.uclim.2021.101081
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0175
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0175
https://doi.org/10.1016/j.ufug.2012.04.002
https://doi.org/10.1016/j.ufug.2012.04.002


Cities 143 (2023) 104572

10

Pot, F. J., van Wee, B., & Tillema, T. (2021). Perceived accessibility: What it is and why it 
differs from calculated accessibility measures based on spatial data. Journal of 
Transport Geography, 94, Article 103090. https://doi.org/10.1016/j. 
jtrangeo.2021.103090 

Raffalovich, L. E., Deane, G. D., Armstrong, D., & Tsao, H.-S. (2008). Model selection 
procedures in social research: Monte-Carlo simulation results. Journal of Applied 
Statistics, 35, 1093 1114. 

Rigolon, A. (2016). A complex landscape of inequity in access to urban parks: A literature 
review. Landscape and Urban Planning, 153, 160 169. https://doi.org/10.1016/j. 
landurbplan.2016.05.017 

Rousseau, S., & Deschacht, N. (2020). Public awareness of nature and the environment 
during the COVID-19 crisis. Environmental and Resource Economics, 76, 1149 1159. 
https://doi.org/10.1007/s10640-020-00445-w 

Salmeron, R., García, C. B., & García, J. (2018). Variance inflation factor and condition 
number in multiple linear regression. Journal of Statistical Computation and 
Simulation, 88(12), 2365 2384. 

Shoari, N., Ezzati, M., Baumgartner, J., Malacarne, D., & Fecht, D. (2020). Accessibility 
and allocation of public parks and gardens in England and Wales: A COVID-19 social 
distancing perspective. PLoS ONE, 15, Article e0241102. https://doi.org/10.1371/ 
journal.pone.0241102 

Sleeter, R., & Gould, M. (2007). Geographic information system software to remodel 
population data using dasymetric mapping methods (U.S. Geological Survey). 

Spearman, C. (1906). ‘Footrule for measuring correlation. British Journal of Psychology, 2 
(1), 89 108. 

Spotswood, E. N., Benjamin, M., Stoneburner, L., Wheeler, M. M., Beller, E. E., Balk, D., 
McDonald, R. I. (2021). Nature inequity and higher COVID-19 case rates in less- 

green neighbourhoods in the United States. Nature Sustainability, 4, 1092 1098. 
https://doi.org/10.1038/s41893-021-00781-9 

Stessens, P., Canters, F., Huysmans, M., & Khan, A. Z. (2020). Urban green space 
qualities: An integrated approach towards GIS-based assessment reflecting user 
perception. Land Use Policy, 91. 

Sturm, R., & Cohen, D. (2014). Proximity to urban parks and mental health. The Journal 
of Mental Health Policy and Economics, 17, 19 24. 

Ugolini, F., Massetti, L., Calaza-Martínez, P., Carinanos, P., Dobbs, C., Ostoic, S. K., 
Sanesi, G. (2020). Effects of the COVID-19 pandemic on the use and perceptions of 
urban green space: An international exploratory study. Urban Forestry & Urban 
Greening, 56, Article 126888. https://doi.org/10.1016/j.ufug.2020.126888 

U.S. Census Bureau. (2020). American community survey, 2018 American community 
survey 1-year estimates. Retrieved from https://data.census.gov/cedsci (8 
November 2020). 

Venter, Z., Barton, D., gundersen, v., Figari, H., & Nowell, M. (2020). Urban nature in a 
time of crisis: Recreational use of green space increases during the COVID-19 outbreak in 
Oslo, Norway. 

Wang, D., Mateo-Babiano, I., & Brown, G. (2013). Rethinking accessibility in planning of 
urban open space using an integrative theoretical framework. In 6th State of 
Australian Cities Conference. Presented at the State of Australian Cities Conference 2013. 

Wang, D., Brown, G., & Liu, Y. (2015). The physical and non-physical factors that 
influence perceived access to urban parks. Landscape and Urban Planning, 133, 
53 66. 

Wang, D., Brown, G., Zhong, G., Liu, Y., & Mateo-Babiano, I. (2015). Factors influencing 
perceived access to urban parks: A comparative study of Brisbane (Australia) and 
Zhongshan (China). Habitat International, 50, 335 346. 

A. Mustafa et al.                                                                                                                                                                                                                                

https://doi.org/10.1016/j.jtrangeo.2021.103090
https://doi.org/10.1016/j.jtrangeo.2021.103090
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0180
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0180
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0180
https://doi.org/10.1016/j.landurbplan.2016.05.017
https://doi.org/10.1016/j.landurbplan.2016.05.017
https://doi.org/10.1007/s10640-020-00445-w
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0190
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0190
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0190
https://doi.org/10.1371/journal.pone.0241102
https://doi.org/10.1371/journal.pone.0241102
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0200
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0200
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0205
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0205
https://doi.org/10.1038/s41893-021-00781-9
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0210
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0210
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0210
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0215
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0215
https://doi.org/10.1016/j.ufug.2020.126888
https://data.census.gov/cedsci
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0225
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0225
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0225
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf1130
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf1130
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf1130
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0230
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0230
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0230
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0240
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0240
http://refhub.elsevier.com/S0264-2751(23)00384-0/rf0240

	Perceived and geographic access to urban green spaces in New York City during COVID-19
	1 Introduction
	2 Materials and methods
	2.1 Study site
	2.2 Data
	2.3 Analysis
	2.3.1 Statistical analysis
	2.3.1.1 Data preprocessing



	3 Results
	3.1 Perceptions and geographical access to UGS
	3.2 Social vulnerability and access to UGS

	4 Discussion
	5 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgments
	References




