
1. I nt r o d u cti o n

S e v er e A c ut e R es pir at or y S y n dr o m e c a us e d b y C or o n a vir us ( S A R S- C o V- 2 t h er e aft er) is a r es pir at or y l u n g i nf e c-

ti o n, a n d as of 2 8 A pril 2 0 2 1, t h er e h a v e b e e n m or e t h a n 1 4 8 milli o n ( W H O C O VI D- 1 9 D as h b o ar d, 2 0 2 1 , htt ps://

c o vi d 1 9. w h o.i nt/ ) c o nfir m e d h u m a n c as es i n t h e w orl d. T h e S A R S- C o V- 2 vir us r e m ai ns hi g hl y i nf e cti o us a n d 

is cir c ul ati n g i n t h e h u m a n p o p ul ati o n at a n al ar mi n g r at e wit h a nti ci p at e d v ari a nts i n n e ar f ut ur e. A n e m er gi n g 

dis ci pli n ar y c o ns e ns us is t h at s e as o n al v ari ati o n m a y l e a d t o c y cli c al o ut br e a k s i n t h e h u m a n p o p ul ati o n ( C arls o n 

et  al.,  2 0 2 0 ; M er o w & Ur b a n, 2 0 2 0 ). As wit h all air b or n e r es pir at or y i nf e cti o us dis e as es, t h e tr a ns missi o n of 

S A R S- C o V- 2 is hi g h i n d e ns el y p o p ul at e d ur b a n r e gi o ns of t h e w orl d ( Cr ui c k s h a n k,  1 9 3 9 ; R o bi ns o n et  al., 2 0 1 2 ). 

H o w e v er, t hr es h ol ds of p o p ul ati o n d e nsit y r el ati v e t o t h e o ut br e a k of t h e dis e as e i n h u m a ns r e m ai ns u n k n o w n. 

T h e r el ati v e i m p ort a n c e of k n o wl e d g e of t hr es h ol d o n p o p ul ati o n d e nsit y wit h r ef er e n c e t o i nf e cti o us dis e as e s u c h 

as C O VI D- 1 9 is i m p ort a nt f or t h e f ut ur e of m o d er n citi es a n d ur b a n l a n ds c a p es i n t h e U S A, gi v e n a b o ut 7 1 % of 

t h e p o p ul ati o n r esi d e i n ur b a ni z e d ar e as wit h a n a v er a g e d e nsit y of 2, 5 3 4 p ers o ns p er s q u ar e mil e (htt ps:// w w w.

c e ns us. g o v/ pr o gr a ms-s ur v e ys/ g e o gr a p h y/ g ui d a n c e/ g e o- ar e as/ ur b a n-r ur al/ u a-f a cts. ht ml ).

I nfl u e n z a  tr a ns missi o n  d y n a mi cs,  w hi c h  all o w  p ar all el  c o m p aris o n  wit h  C O VI D- 1 9  tr a ns missi o n,  d e p e n d  o n 

s e v er al s o ci o- d e m o gr a p hi c f a ct ors (s u c h as r a c e, i n c o m e l e v el, e d u c ati o n, a n d l o c ati o n), b ut p o p ul ati o n d e nsit y 

r e m ai ns a criti c al v ari a bl e f or c o ntr olli n g a n o ut br e a k of s e as o n al i nfl u e n z a ( At ki ns o n & Wei n,  2 0 0 8 ; M erl er 

& Aj elli,  2 0 1 0 ). W hil e t h e s e v erit y of air b or n e c o nt a gi o n c a n n ot b e attri b ut e d s ol el y t o p o p ul ati o n d e nsit y ( Li 

et  al.,  2 0 1 8 ), t h e k n o wl e d g e of t hr es h ol ds o n p o p ul ati o n d e nsit y c a n b e h el pf ul i n u n d erst a n di n g t h e s p ati al distri-

b uti o n wit h r es p e ct t o t h e ris k of dis e as e ( C h a n dr a et  al.,  2 0 1 3 ; Gr a nt z et  al., 2 0 1 6 ). I nt uiti v el y, hi g h p o p ul ati o n 

d e nsit y is c o n cl u d e d t o f a v or c o nt a gi o n a n d vi c e- v ers a. H o w e v er, n o n- u nif or m distri b uti o n of a p o p ul ati o n c a n 

yi el d i n c o n cl usi v e r es ults ( Li et  al.,  2 0 1 8 ). W hil e t h e si g nifi c a nt ass o ci ati o n w as r e p ort e d b et w e e n p o p ul ati o n 

A b st r a ct P at h w a ys of tr a ns missi o n of c or o n a vir us ( C O VI D- 1 9) dis e as e i n t h e h u m a n p o p ul ati o n ar e still 

e m er gi n g. H o w e v er, e m piri c al o bs er v ati o ns s u g g est t h at d e ns e h u m a n s ettl e m e nts ar e t h e m ost a d v ers el y 

i m p a ct e d, c orr o b or ati n g a br o a d c o ns e ns us t h at h u m a n-t o- h u m a n tr a ns missi o n is a k e y m e c h a nis m f or t h e 

r a pi d s pr e a d of t his dis e as e. H er e, usi n g l o gisti c r e gr essi o n t e c h ni q u es, esti m at es of t hr es h ol d l e v els of 

p o p ul ati o n d e nsit y w er e c o m p ut e d c orr es p o n di n g t o t h e i n ci d e n c e ( c as e c o u nts) i n t h e h u m a n p o p ul ati o n. 

R e gi o ns wit h p o p ul ati o n d e nsiti es gr e at er t h a n 3, 0 0 0 p ers o n p er s q u ar e mil e i n t h e U nit e d St at es h a v e a b o ut 

9 5 % li k eli h o o d t o r e p ort 4 3, 3 8 0 n u m b er of a v er a g e c u m ul ati v e c as es of C O VI D- 1 9. Si n c e c as e n u m b ers 

of C O VI D- 1 9 d y n a mi c all y c h a n g e d e a c h d a y u ntil 3 0 N o v e m b er 2 0 2 0, c a. 4 % of U S c o u nti es w er e at 5 0 % 

or hi g h er pr o b a bilit y t o 3 8, 2 3 2 n u m b er of C O VI D- 1 9 c as es. W hil e t hr es h ol d o n p o p ul ati o n d e nsit y is n ot 

t h e s ol e i n di c at or f or pr e di ct a bilit y of c or o n a vir us i n h u m a n p o p ul ati o n, y et it is o n e of t h e k e y v ari a bl es o n 

u n d erst a n di n g a n d r et hi n ki n g h u m a n s ettl e m e nt i n ur b a n l a n ds c a p es.

Pl ai n L a n g u a g e S u m m a r y P o p ul ati o n d e nsit y is c ert ai nl y o n e of t h e k e y f a ct ors i nfl u e n ci n g 

t h e tr a ns missi o n of i nf e cti o us dis e as es li k e C O VI D- 1 9. It is a p pr o xi m at e d t h at i n c o nti n e nt al U nit e d St at es, 

p o p ul ati o n d e nsit y of 1, 1 9 2 p er s q u ar e mil e a n d hi g h er pr es e nts 5 0 % pr o b a bilit y of g etti n g 3 8, 2 3 2 n u m b er of 

C O VI D- 1 9 c as es.
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d e nsit y a n d tr a ns missi bilit y f or t h e 1, 9 1 8 i nfl u e n z a p a n d e mi c i n C hi c a g o ( Gr a nt z et  al.,  2 0 1 6 ), t h e a v er a g e i nfl u-

e n z a att a c k r at es d e cr e as e d wit h i n cr e asi n g p o p ul ati o n d e nsit y i n J a p a n ( H o yl e & Wi c kr a m asi n g h e,  1 9 9 0 ). I n t h e 

c o nt e xt of C O VI D- 1 9, a n a n al ysis of Br a zili a n d at a s u g g ests t h e g e n er al i n cr e as e i n C O VI D- 1 9 c as es w as ass o ci-

at e d wit h hi g hl y p o p ul at e d r e gi o ns ( P e q u e n o et  al.,  2 0 2 0 ). T h er e is n o st u d y t o d at e t h at pr o vi d es a n e x pl or at or y 

ass o ci ati o n of p o p ul ati o n d e nsit y t hr es h ol ds wit h C O VI D- 1 9 c as es i n t h e c o nti n e nt al U S A.

T his st u d y w as u n d ert a k e n t o d et er mi n e t hr es h ol ds o n p o p ul ati o n d e nsit y t h at c a n b e us e d t o esti m at e t h e pr o b a-

bl e c as e l o a d fr o m C O VI D- 1 9. Esti m ati o n of a t hr es h ol d p o p ul ati o n d e nsit y w o ul d all o w i n t h e diff er e nti ati o n of 

pr o b a bilisti c l o w a n d hi g h- c as e r e gi o ns a n d off er us ef ul i n p ut f or pl a n ni n g, d esi g ni n g, a n d t ar g eti n g p u bli c h e alt h 

i nt er v e nti o ns.  Als o,  i d e ntif yi n g  s p e cifi c  r e gi o ns  w h er e  gr e at er  s ur v eill a n c e  is  r e q uir e d  t o  c o nt ai n  t h e  dis e as e 

w o ul d b e e n h a n c e d a n d c a n b e us e d t o d efi n e t h e e x p a nsi o n of ur b a ni z e d ar e as i n t h e U S A.

2.  M et h o ds

D ail y i n ci d e n c e d at a f or C O VI D- 1 9 c as es i n t h e 3, 1 0 7 m ai nl a n d U. S. c o u nti es w er e o bt ai n e d fr o m t h e Git H u b 

pr oj e ct ( “ T h e N e w Y or k Ti m es. ( 2 0 2 1 ). C or o n a vir us ( C o vi d- 1 9) D at a i n t h e U nit e d St at es, ” 2 0 2 1) (htt ps:// git h u b.

c o m/ n yti m es/ c o vi d- 1 9- d at a ) fr o m 1 5 M ar c h 2 0 2 0, t o 3 0 N o v e m b er 2 0 2 0. T h e ti m e p eri o d w as s el e ct e d b as e d 

o n t h e n o n- a v ail a bilit y of v a c ci n es si n c e v a c ci n es will m as k t h e li mit o n p o p ul ati o n d e nsiti es. D at a o n t h e p o p u-

l ati o n d e nsiti es of e a c h U. S. c o u nt y w er e o bt ai n e d fr o m t h e U. S. C e ns us B ur e a u ( 2 0 1 9) (htt ps:// w w w. c e ns us.

g o v/ d at a/ d at as ets/ti m e-s eri es/ d e m o/ p o p est/ 2 0 1 0s- c o u nti es-t ot al. ht ml ).  L a n d  ar e a  i n  s q u ar e  mil es  w as  o bt ai n e d 

fr o m t h e U. S. C e ns us B ur e a u (htt ps:// w w w. c e ns us. g o v/li br ar y/ p u bli c ati o ns/ 2 0 1 1/ c o m p e n di a/ us a- c o u nti es- 2 0 1 1.

ht ml # L N D ). A n or di n al l o gisti c r e gr essi o n m o d el w as e m pl o y e d t o st u d y t h e d e p e n d e n c y of C O VI D- 1 9 c as es 

(t h er e aft er c as es) o n c o u nti es' p o p ul ati o n d e nsit y. It w as ass u m e d t h at t h e p o p ul ati o n d e nsiti es r e m ai n e d c o nst a nt 

d uri n g t h e st u d y p eri o d, i m pl yi n g p o p ul ati o n m o bilit y h as mi ni m al i m p a ct o n p o p ul ati o n d e nsit y. F urt h er, t h e 

p o p ul ati o n w as ass u m e d t o b e u nif or ml y distri b ut e d o v er t h e c o u nt y. Si n c e t h e n u m b er of c as es diff ers wi d el y 

o v er t h e c o u nt y, i nt uiti v el y, it is pr ef er a bl e t o cl assif y c as es i nt o a n u m b er of cl ass es w h er e e a c h cl ass e x pli citl y 

i m pli es a s p e cifi c r a n g e of c as e l o a d. T o cl assif y c as es, w e esti m at e d t h e p er c e ntil e of c u m ul ati v e c as es at a n 

i nt er v al of 1 5  d a ys b e gi n ni n g 1 5 M ar c h 2 0 2 0, t o 3 0 N o v e m b er 2 0 2 0. C u m ul ati v e c as es d at a w er e di vi d e d i nt o 

t hr e e c at e g ori es ( or e v e nts): ( a) l o w n u m b er of c as es ( u p t o 8 0t h p er c e ntil e); ( b) m e di u m n u m b er of c as es ( 8 0t h 

t o 9 5t h p er c e ntil e); a n d ( c) hi g h n u m b er of c as es ( gr e at er t h a n 9 5t h p er c e ntil e). T h e 8 0t h p er c e ntil e c as e o n 3 0 

N o v e m b er 2 0 2 0 w as 3, 8 1 7 ( T a bl e  1 ), w hi c h c a n still b e c o nsi d er e d r el ati v el y l ess c o m p ar e d t o t h e n u m b er of 

c as es i n hi g h-ris k l o c ati o ns.

M or e o v er, a hi g h er v al u e f or t h e l o g-li k eli h o o d ( a st atisti c al m etri c us e d f or m o d el s el e cti o n) i n T a bl e  2 , j usti-

fi es t h e c h oi c e of t h e 8 0t h p er c e ntil e. I n f a ct, t h e l o g-li k eli h o o d f u n cti o n w as f o u n d t o b e b ett er wit h i n cr e asi n g 

p er c e ntil e, wit h t h e i n cr e as e b ei n g l ess f or t h e p er c e ntil es a b o v e t h e v al u e of 8 0.

T h us, t h e ‘‘r e as o n a bl e’’ c h oi c e of p er c e ntil es f or cl assifi c ati o n of c as es will l e a d t o o v er all si mil ar m o d el r es ults 

wit h o ut alt eri n g t h e fi n al i nt er pr et ati o n. T h e f oll o wi n g p ar a gr a p h bri efl y e x pl ai ns t h e a n al ysis a p pr o a c h. R el e v a nt 

t h e or y f or t h e a p pli c ati o n of or di n al l o gisti c r e gr essi o n is d et ail e d i n t h e s u p pl e m e nt ar y s e cti o n.

T h e pr e di ct or us e d is t h e c o u nt y p o p ul ati o n d e nsit y w hi c h is t h e c o u nt y's p o p ul ati o n p er u nit of t h e c o u nt y's l a n d 

ar e a. T h e r es p o ns e v ari a bl e, w hi c h is or di n al i n n at ur e, is t h e c u m ul ati v e c as e c o u nt cl assifi e d i nt o l o w, m e di u m, 

a n d hi g h ( b as e d o n p er c e ntil es). L o git li n k f u n cti o n ( d et ails i n s u p pl e m e nt ar y s e cti o n) w as us e d t o e x pr ess t h e 

d e p e n d e nt  v ari a bl e  as  a  li n e ar  f u n cti o n  of  t h e  i n d e p e n d e nt  v ari a bl es.  Li n k  f u n cti o n  als o  r el at es  t h e  r es p o ns e 

( or di n al c as es) t o li n e ar pr e di ct or ( p o p ul ati o n d e nsit y) a n d tr a nsf or ms t h e pr o b a biliti es of or di n al r es p o ns e t o t h e 

c o nti n u o us s c al e ( 0, 1). T h e r e gr essi o n e q u ati o ns, t h us, t a k e t h e f or m as f oll o ws:

l n
�푝 ( hi g h c as es)

1 − �푝 ( hi g h c as es)
= �훼 1 + �훽 ∗ p o p ul ati o n d e nsit y ( 1)

l n
�푝 ( m e di u m c as es)

1 − �푝 ( m e di u m c as es)
= �훼 2 + �훽 ∗ p o p ul ati o n d e nsit y ( 2)

w h er e p ( hi g h c as es) a n d p ( m e di u m c as es) ar e t h e pr o b a biliti es of hi g h a n d m e di u m c as es, r es p e cti v el y. C o nst a nts 

a n d c o effi ci e nts i n E q u ati o ns ( 1 , 2 ) w er e esti m at e d usi n g t h e m a xi m u m li k eli h o o d esti m ati o n m et h o ds. Si n c e t h e 
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Vis u ali z ati o n: Y us uf J a m al

W riti n g – o ri gi n al d r aft: Y us uf J a m al, 

M a y a n k G a n g w ar

W riti n g – r e vi e w & e diti n g: Y us uf 

J a m al, M a y a n k G a n g w ar, M oi z Us m a ni, 

Alis o n E. A d a ms, C h a n g- Y u W u, T h a n h 

H. N g u y e n, Rit a C ol w ell, A nt ar pr e et J utl a

https://github.com/nytimes/covid-19-data
https://github.com/nytimes/covid-19-data
https://www.census.gov/data/datasets/time-series/demo/popest/2010s-counties-total.html
https://www.census.gov/data/datasets/time-series/demo/popest/2010s-counties-total.html
https://www.census.gov/library/publications/2011/compendia/usa-counties-2011.html#LND
https://www.census.gov/library/publications/2011/compendia/usa-counties-2011.html#LND
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t ot al pr o b a biliti es s u m u p t o o n e, t h e pr o b a bilit y of a l o w n u m b er of c as es 

w er e esti m at e d b y s u btr a cti n g t h e pr o b a bilit y of hi g h a n d m e di u m c as es.

3.  R es ults a n d Dis c ussi o n

We st art o ur a n al ysis wit h r es ults o bt ai n e d fr o m l o gisti c al r e gr essi o n m o d els 

( Fi g ur e  1 )  s h o wi n g  t hr e e  criti c al  st atisti c al  m etri cs  ( S o m ers  D,  G o o d-

m a n- Kr us k al G a m m a a n d P er c e nt C o n c or d a nt p airs).

Hi g h  v al u es  of  m e as ur es  of  ass o ci ati o n  ( > 8 2 %),  t h at  is,  p er c e nt a g e  of 

c o n c or d a nt  p airs,  S o m ers's  D  a n d  G o o d m a n- Kr us k al  G a m m a,  si g nif y  t h at 

t h e p erf or m a n c e of or di n al l o gisti c m o d el is s atisf a ct or y. O n a v er a g e, m o d el 

p erf or m a n c e r e m ai n e d c o nst a nt si n c e st art of c oll e cti o n of d at a o n C O VI D-

1 9  h u m a n  c as es.  T h e  p- v al u es  f or  e a c h  c o nst a nt  a n d  pr e di ct or  p o p ul ati o n 

d e nsit y w er e l ess t h a n 0. 0 5 ( n ot s h o w n), t h us est a blis hi n g st atisti c al si g nif-

i c a n c e. T h e p- v al u e f or t h e t est of all sl o p es is z er o ( T a bl e S 1 i n S u p p ort-

i n g I nf or m ati o n S 1 ), w hi c h i n di c at es t h e pr e di ct or p o p ul ati o n d e nsit y h as a 

st atisti c all y  si g nifi c a nt  r el ati o ns hi p  wit h  t h e  r es p o ns e  v ari a bl e  ( C O VI D- 1 9 

c as es). T h e d e vi a n c e g o o d n ess of fit r es ult ( p   >  0. 0 5), f or all d at es f or w hi c h 

t h e m o d el w as r u n, s h o w e d a d e q u at e fit f or t h e d at a, a n d t h e ass o ci at e d pr o b-

a biliti es d o n ot d e vi at e si g nifi c a ntl y fr o m o bs er v e d v al u es ( d et ail e d i nf er e n c e 

of m o d el p erf or m a n c e i n di c at ors f or 1 5 N o v e m b er 2 0 2 0 is pr es e nt e d i n T a bl e 

S 1 i n S u p p orti n g I nf or m ati o n  S 1 ). T h e m o d el r es ults f or a n y o n e d a y s h o ul d 

s uffi ci e ntl y e x pl ai n t h e b e h a vi or of e v e nt pr o b a bilit y ( c as es) wit h p o p ul ati o n 

d e nsit y. T h e pl ots i n Fi g ur e  2  s h o w a v er a g e pr o b a bilit y of hi g h, m e di u m, a n d 

l o w n u m b er of c as es.

A v er a g e pr o b a biliti es w er e d efi n e d as t h e m e a n of t h e pr o b a biliti es o bt ai n e d 

fr o m t h e or di n al l o gisti c r e gr essi o n m o d els f or e a c h of t h e ei g ht e e n bi- w e e kl y 

c as es  (fr o m  1 5  M ar c h  2 0 2 0,  t o  3 0  N o v e m b er  2 0 2 0).  T h e  m o n ot o ni c  n at ur e  of  Fi g ur e  2 a   s h o ws  t h at  wit h  a n 

i n cr e asi n g p o p ul ati o n d e nsit y, t h e pr o b a bilit y of a hi g h n u m b er of c as es i n cr e as es, a n d vi c e v ers a. T h e pr o b a bil-

it y ris es st e e pl y t o a n e arl y c o nst a nt v al u e of 1 at a p o p ul ati o n d e nsit y of c a. 5, 0 0 0 p er s q u ar e mil e, s u g g esti n g 

p o p ul ati o n d e nsiti es gr e at er t h a n t his v al u e w er e r e m ar k a bl y ass o ci at e d wit h t h e c orr es p o n di n g hi g h n u m b er of 

C O VI D- 1 9 c as es. T h e i m pli c ati o n is t h at t h e pr o n o u n c e d eff e ct of hi g h p o p ul ati o n d e nsit y a n d a pr o p orti o n al 

n u m b er of c as es w as s uffi ci e nt t o est a blis h p o p ul ati o n d e nsit y as a n i m p ort a nt f a ct or i n tr a ns missi o n p ot e nti al of 

t his dis e as e. T h e r es ults s u g g est t h at i n d e ns el y p o p ul at e d ar e as, it m a y b e c h all e n gi n g t o f oll o w s o ci al dist a n ci n g 

n or ms, t h us a n i n cr e as e d n u m b er of C O VI D- 1 9 h u m a n c as es w er e t o b e e x p e ct e d. Fi g ur e  2 c  s h o ws t h e pr o b a-

bilit y of a l o w n u m b er of c as es, a tr e n d o p p osit e t o t h at f or hi g h n u m b er of c as es. T h e pr o b a bilit y c o nti n u o usl y 

d e cr e as es t o a c o nst a nt v al u e cl os e t o z er o, si g nif yi n g t h at as p o p ul ati o n d e nsit y i n cr e as es, t h e c h a n c e of a l o w 

n u m b er of c as es d e cr e as es. Fi g ur e  2 b  ill ustr at es t h e m e di u m n u m b er of c as es wit h p o p ul ati o n d e nsit y. T h e m a xi-

m u m pr o b a bilit y of t h e m e di u m n u m b er of c as es is c a. 0. 4 8, c orr es p o n di n g t o t h e p o p ul ati o n d e nsit y of c a. 1, 1 9 0 

p er s q u ar e mil e. T h us, a d e cr e as e i n p o p ul ati o n d e nsit y fr o m 1, 1 9 0 p er s q u ar e mil e d e cr e as es t h e pr o b a bilit y of 

a m e di u m n u m b er of c as es as t h e pr o b a bilit y of l o w n u m b er of c as es i n cr e as e. O n t h e ot h er h a n d, if p o p ul ati o n 

d e nsit y i n cr e as es b e y o n d 1, 1 9 0 p er s q u ar e mil e, t h e pr o b a bilit y f or a m e di u m n u m b er of c as es d e cr e as es si n c e 

pr o b a bilit y of hi g h n u m b er of c as es i n cr e as e t h er e aft er. P o p ul ati o n d e nsit y 

of 1, 1 9 0 p e o pl e p er s q u ar e mil e c a n b e i nt er pr et e d as a tr a nsiti o n fr o m l o w 

t o hi g h C O VI D- 1 9 c as es. Fi g ur e 3  ill ustr at es c h a n g es i n e v e nt pr o b a biliti es 

o v er ti m e a n d s u g g ests t h at e v e n l o w- d e nsit y c o u nti es ar e li k el y t o b e m or e 

v ul n er a bl e as t h e pr o b a bilit y of hi g h n u m b er of C O VI D- 1 9 c as es f or p o p ul a-

ti o n d e nsit y i n cr e as es o v er ti m e.

I n  Fi g ur e  2 a ,  t h e  t hr es h ol d  p o p ul ati o n  d e nsit y  is  s h o w n  at  w hi c h  a  5 0 % 

c h a n c e of a hi g h n u m b er of c as es will o c c ur, c a. 1, 6 2 2 p er s q u ar e mil e. T h e 

p o p ul ati o n d e nsit y f or g etti n g a l o w n u m b er of c as es at 5 0 % c h a n c e is 7 6 2 

p er s q u ar e mil e ( Fi g ur e  2 c ), a n d t h e arit h m eti c m e a n of t h es e t w o v al u es at 

D at e 8 0t h p er c e ntil e c as es

1 5 M ar c h 2 0 2 0 0

3 1 M ar c h 2 0 2 0 1 5

1 5 A pril 2 0 2 0 6 3

3 0 A pril 2 0 2 0 1 2 6

1 5 M a y 2 0 2 0 1 9 6

3 1 M a y 2 0 2 0 2 7 1

1 5 J u n e 2 0 2 0 3 5 1

3 0 J u n e 2 0 2 0 4 8 0

1 5 J ul y 2 0 2 0 6 7 0

3 1 J ul y 2 0 2 0 9 7 0

1 5 A u g ust 2 0 2 0 1, 1 7 5

3 1 A u g ust 2 0 2 0 1, 3 8 2

1 4 S e pt e m b er 2 0 2 0 1, 5 6 4

3 0 S e pt e m b er 2 0 2 0 1, 7 8 7

1 5 O ct o b er 2 0 2 0 2, 0 6 9

3 1 O ct o b er 2 0 2 0 2, 4 1 0

1 5 N o v e m b er 2 0 2 0 3, 0 3 6

3 0 N o v e m b er 2 0 2 0 3, 8 1 7

T a bl e 1 
Bi w e e kl y 8 0t h Per c e ntil e C as es of L o w C as es

P er c e ntil e u p t o w hi c h c as es w er e c o nsi d er e d l o w  L o g li k eli h o o d

3 3 − 3, 0 7 0. 0 7

5 0 − 2, 8 6 0. 0 7

8 0 − 1, 6 3 4. 0 2

8 5 − 1, 3 6 4. 4 9

T a bl e 2 
V ari ati o n i n L o g- Li k eli h o o d i n C O VI D- 1 9 C as es
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hi g h a n d l o w c as es gi v es a n a v er a g e of 1, 1 9 2 p er s q u ar e mil e a n d d efi n e d as t h e p o p ul ati o n d e nsit y at w hi c h t h er e 

is a 5 0 % c h a n c e of a v er a g e n u m b er of c as es. T h e a v er a g e n u m b er of c as es is esti m at e d b y a v er a gi n g c u m ul ati v e 

c as es i n c o u nti es wit h p o p ul ati o n d e nsit y gr e at er t h a n t h e t hr es h ol d of 1, 1 9 2 p er s q u ar e mil e. T h us, 4. 0 2 % ( 1 2 5 

of 3, 1 0 7) of t h e c o u nti es wit h p o p ul ati o n d e nsit y gr e at er t h a n 1, 1 9 2 p er s q u ar e mil e ar e at 5 0 % or gr e at er ris k of 

Fi g u r e 1. P erf or m a n c e of l o gisti c al r e gr essi o n m o d el o n a bi w e e kl y s c al e f or t h e e ntir e U S A.

Fi g u r e 2. A v er a g e pr o b a bilit y v ers us p o p ul ati o n d e nsit y f or ( a) Hi g h ( b) M e di u m ( c) L o w n u m b er of c as es, fr o m 1 5 M ar c h 
2 0 2 0, t o 3 0 N o v e m b er 2 0 2 0.
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3 8, 2 3 2 C O VI D- 1 9 c as es as o n 3 0 N o v e m b er 2 0 2 0. T h e k e y r es ults dis c uss e d h er e ar e c o n cis el y s u m m ari z e d i n 

T a bl e  3 .

T a bl e  4  pr o vi d es v al u es f or p o p ul ati o n d e nsit y a n d arit h m eti c a v er a g e pr o b a bilit y of hi g h n u m b er of c as es f or 

e a c h st at e i n t h e U S, as of 3 0 N o v e m b er 2 0 2 0.

T his a v er a g e pr o b a bilit y is t h e si m pl e arit h m eti c a v er a g e of t h e r es p e cti v e pr o b a biliti es of st at e c o u nti es. It is i nt u-

iti v e t h at t h e m ost d e ns el y p o p ul at e d st at es w er e als o t h os e wit h t h e hi g h est pr o b a bilit y of a hi g h n u m b er of c as es, 

str e n gt h e ni n g t h e fi n di n g t h at p o p ul ati o n d e nsit y is criti c al b e y o n d a s p e cifi c t hr es h ol d. T h e a v er a g e pr o b a bilit y 

f or a hi g h n u m b er of C O VI D- 1 9 c as es pr o vi d es a n u m b er us ef ul f or c o n c e pt u ali zi n g t h e o v er all ris k of i nf e cti o n 

i n a p arti c ul ar st at e. H o w e v er, e x c e pt f or a f e w d e ns el y p o p ul at e d st at es, e pi c e nt er c o u nti es ar e n ot hi g hli g ht e d. 

F or e x a m pl e, o n 3 0 N o v e m b er 2 0 2 0, T e x as, C alif or ni a, Fl ori d a, a n d Illi n ois w er e St at es wit h t h e l ar g est n u m b er 

of C O VI D- 1 9 c as es. Fr o m T a bl e  4 , it w as o b vi o us t h at t h e r el ati v el y l o w v al u es of a v er a g e pr o b a biliti es f or t h os e 

f o ur st at es d o n ot r efl e ct t h eir e pi c e nt er st at us. T h er ef or e, w e d efi n e d t h e m a xi m u m a v er a g e pr o b a bilit y f or a 

st at e w hi c h is t a k e n e q u al t o t h e m a xi m u m v al u e of a v er a g e pr o b a biliti es c o nsi d eri n g all t h e c o u nti es of a st at e. 

T h us, t h e m a xi m u m a v er a g e pr o b a bilit y f or e a c h st at e as c al c ul at e d. T h e hi g h pr o b a bilit y of a hi g h n u m b er of 

c as es ( > 9 0 %) i n di c at e d t his m etri c p erf or m e d a c c e pt a bl y t o r a n k a st at e as a n e pi c e nt er. E x c e pti o ns w er e n ot e d, 

w h er e r el ati v el y l o w v al u e of m a xi m u m a v er a g e pr o b a bilit y of hi g h c as es w as o bs er v e d i n l o w p o p ul ati o n d e nsit y 

st at es h a vi n g hi g h n u m b er of C O VI D- 1 9 c as es. T his a n o m al y is a p ot e nti al li mit ati o n of t h e l o gisti c al r e gr es-

si o n m et h o ds, i n d e ali n g wit h l o c ati o ns wit h l o w p o p ul ati o n d e nsiti es a n d hi g h c as es. H o w e v er, it is u n d erst o o d 

t h at a n y r e gr essi v e m o d el c o nsi d eri n g p o p ul ati o n d e nsit y as t h e si n gl e e x pl a n at or y v ari a bl e li k el y w o ul d f ail t o 

Fi g u r e 3. C h a n g es i n bi- w e e kl y pr o b a bilit y fr o m 1 5 M ar c h 2 0 2 0, t o 3 0 N o v e m b er 2 0 2 0 of ( a) hi g h, ( b) m e di u m, a n d ( c) l o w 
n u m b er of C O VI D- 1 9 c as es.

Attri b ut e Val u e

P o p ul ati o n d e nsit y b e y o n d w hi c h 9 5 % pr o b a bilit y of hi g h n u m b er of c as es 3, 0 0 0 p er s q u ar e mil e

P o p ul ati o n d e nsit y b e y o n d w hi c h 5 0 % pr o b a bilit y of hi g h n u m b er of c as es 1, 6 2 2 p er s q u ar e mil e

A v er a g e P o p ul ati o n d e nsit y b e y o n d w hi c h 5 0 % pr o b a bilit y of a v er a g e n u m b er of c as es 1, 1 9 2 p er s q u ar e mil e

P er c e nt a g e of U S c o u nti es at gr e at er t h a n 5 0 % pr o b a bilit y of a v er a g e n u m b er of c as es 4. 0 2 % ( 1 2 5 o ut of 3, 1 0 7)

T a bl e 3 
K e y R es ults of P o p ul ati o n D e nsit y- C as es A n al ysis
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St at e
P o p ul ati o n d e nsit y 
( p er s q u ar e mil e)

A v er a g e pr o b a bilit y 
of hi g h c as es ( A p)

M a xi m u m pr o b a bilit y 
of hi g h c as es ( m a p)

Mi ni m u m pr o b a bilit y 
of hi g h c as es ( mi n p)

R a n k of 
A p

R a n k of 
m a p

P er c e nt diff er e n c e 
b et w e e n m a p a n d A p

Distri ct of C ol u m bi a 1 1, 5 6 9. 7 1 1 1. 0 0 0 1 1 0

N e w J ers e y 1, 2 0 7. 8 0. 4 0 4 1 0. 0 2 7 2 1 6 0

R h o d e Isl a n d 1, 0 2 4. 5 0. 2 8 0. 6 5 2 0. 0 4 3 3 2 3 5 7

M ass a c h us etts 8 8 3. 5 0. 2 4 2 1 0. 0 2 2 4 1 7 6

C o n n e cti c ut 7 3 6. 6 0. 1 5 6 0. 4 2 1 0. 0 2 8 7 2 7 6 3

M ar yl a n d 6 2 2. 9 0. 1 6 5 1 0. 0 1 9 6 1 8 4

D el a w ar e 4 9 9. 6 0. 1 4 4 0. 3 6 8 0. 0 3 0 8 2 9 6 1

N e w Y or k 4 1 2. 8 0. 0 9 9 1 0. 0 1 7 1 1 1 9 0

Fl ori d a 4 0 0. 7 0. 0 7 8 0. 9 8 1 0. 0 1 8 1 3 1 4 9 2

P e n ns yl v a ni a 2 8 6. 1 0. 0 7 9 1 0. 0 1 8 1 2 1 9 2

O hi o 2 8 6. 1 0. 0 6 6 0. 9 2 7 0. 0 1 9 1 4 1 8 9 3

C alif or ni a 2 5 3. 7 0. 1 2 1 0. 0 1 7 1 0 1 8 8

Illi n ois 2 2 8. 2 0. 0 4 7 0. 9 9 9 0. 0 1 8 1 8 1 0 9 5

H a w aii 2 2 0. 3 0. 1 2 1 0. 5 2 0. 0 1 8 9 2 6 7 7

Vir gi ni a 2 1 6. 1 0. 2 3 2 1 0. 0 1 8 5 1 7 7

N ort h C ar oli n a 2 1 5. 7 0. 0 4 1 0. 7 1 1 0. 0 1 8 2 0 2 0 9 4

I n di a n a 1 8 7. 9 0. 0 3 8 0. 8 5 7 0. 0 1 8 2 4 1 9 9 6

G e or gi a 1 8 4. 6 0. 0 5 1 0. 9 3 0. 0 1 8 1 5 1 7 9 5

Mi c hi g a n 1 7 6. 7 0. 0 4 8 0. 9 4 4 0. 0 1 8 1 7 1 6 9 5

S o ut h C ar oli n a 1 7 1. 2 0. 0 2 7 0. 0 7 7 0. 0 1 8 3 2 3 5 6 5

T e n n ess e e 1 6 5. 6 0. 0 3 1 0. 3 4 6 0. 0 1 8 2 8 3 0 9 1

N e w H a m ps hir e 1 5 1. 9 0. 0 2 9 0. 0 5 3 0. 0 1 8 3 1 3 9 4 5

Was hi n gt o n 1 1 4. 6 0. 0 3 0. 1 8 1 0. 0 1 7 3 0 3 3 8 3

K e nt u c k y 1 1 3. 1 0. 0 3 1 0. 7 0 6 0. 0 1 8 2 8 2 1 9 6

T e x as 1 1 1 0. 0 3 6 0. 9 5 2 0. 0 1 7 2 7 1 5 9 6

L o uisi a n a 1 0 7. 6 0. 0 4 0. 6 8 9 0. 0 1 8 2 2 2 2 9 4

Wis c o nsi n 1 0 7. 5 0. 0 3 8 0. 9 9 3 0. 0 1 8 2 4 1 2 9 6

Al a b a m a 9 6. 8 0. 0 2 2 0. 0 7 1 0. 0 1 8 3 7 3 6 6 9

Miss o uri 8 9. 3 0. 0 3 7 0. 9 9 9 0. 0 1 8 2 6 1 0 9 6

West Vir gi ni a 7 4. 6 0. 0 2 3 0. 0 4 6 0. 0 1 8 3 5 4 2 5 0

Mi n n es ot a 7 0. 8 0. 0 4 3 0. 9 8 4 0. 0 1 7 1 9 1 3 9 6

Ver m o nt 6 7. 7 0. 0 2 1 0. 0 3 6 0. 0 1 8 3 9 4 6 4 2

Ari z o n a 6 4. 1 0. 0 2 1 0. 0 5 3 0. 0 1 8 3 9 3 9 6 0

Mississi p pi 6 3. 4 0. 0 2 0. 0 4 2 0. 0 1 7 4 2 4 4 5 2

Ar k a ns as 5 8 0. 0 2 0. 0 5 9 0. 0 1 8 4 2 3 8 6 6

O kl a h o m a 5 7. 7 0. 0 2 5 0. 2 2 5 0. 0 1 7 3 3 3 2 8 9

I o w a 5 6. 5 0. 0 2 1 0. 1 1 8 0. 0 1 8 3 9 3 4 8 2

C ol or a d o 5 5. 6 0. 0 4 9 1 0. 0 1 7 1 6 1 9 5

Or e g o n 4 3. 9 0. 0 3 9 0. 6 3 7 0. 0 1 7 2 3 2 4 9 4

M ai n e 4 3. 6 0. 0 2 2 0. 0 3 8 0. 0 1 8 3 7 4 5 4 2

Ut a h 3 9 0. 0 4 1 0. 4 1 4 0. 0 1 7 2 0 2 8 9 0

K a ns as 3 5. 6 0. 0 2 3 0. 2 7 2 0. 0 1 7 3 5 3 1 9 2

T a bl e 4 
Pr o b a biliti es of Hi g h N u m b er of C O VI D 1 9 C as es as of 3 0 N o v e m b er 2 0 2 0
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e x pl ai n a hi g h n u m b er of c as es i n l ess d e ns el y p o p ul at e d r e gi o ns. L astl y, a n i m p ort a nt o bs er v ati o n wit h r ef er e n c e 

t o p o p ul ati o n d e nsit y a n d c as e a n al ysis c a n b e dis c er n e d fr o m T a bl e 4 , n a m el y t h e p er c e nt a g e diff er e n c e b et w e e n 

t h e m a xi m u m a n d a v er a g e pr o b a biliti es of hi g h n u m b er of c as es, b ei n g v er y hi g h f or m a n y st at es, n ot a bl y t h os e 

wit h hi g h m a xi m u m a v er a g e pr o b a biliti es. T his si g nifi es t h at o nl y a f e w c o u nti es of t h e st at e a c c o u nt f or a l ar g e 

n u m b er of c as es, a n d t h e st at e as a w h ol e w o ul d n ot b e a n e pi c e nt er of C O VI D- 1 9.

T h e a n al ysis i n o ur st u d y ass u m es a u nif or m p o p ul ati o n distri b uti o n. I n r e alit y, t h e p o p ul ati o n is g e n er all y n ot 

distri b ut e d e v e nl y a cr oss t h e c o u nt y, as m ost of t h e p o p ul ati o n cl ust ers i n a n d ar o u n d citi es. T h e l a c k of a st a n d ar d 

s u b- c o u nt y l e v el c as e c o u nt, w hi c h r ul es o ut t h e p ossi bilit y of c o n d u cti n g a m or e r e alisti c cit y-l e v el t hr es h ol d 

a n al ysis, f or ms a li mit ati o n of o ur st u d y. F urt h er m or e, t h o u g h c o u nt y p o p ul ati o n d e nsit y is g e n er all y c o nsi d er e d a 

r eli a bl e pr e di ct or t o e x pl ai n C O VI D- 1 9 c as es d u e t o its hi g h e x pl a n at or y p o w er ( Ril e y, 2 0 0 7 ; W o n g & Li, 2 0 2 0 ), 

c o ntr olli n g  it  f or  ot h er  v ari a bl es  s u c h  as  p o p ul ati o n  si z e  c o ul d  bri n g  v al u a bl e  i nsi g hts  t o  d et er mi n e  r u n ni n g 

t hr es h ol ds o n p o p ul ati o n d e nsit y.

4.  C o n cl usi o ns a n d I m pli c ati o ns o n F ut u r e of U r b a n Citi es

T h e i nt err el ati o ns hi p of p o p ul ati o n d e nsit y wit h t h e n u m b er of C O VI D- 1 9 c as es w as a n al y z e d, wit h t h e o bj e cti v e 

t o d et er mi n e t hr es h ol ds f or p o p ul ati o n d e nsit y a b o v e w hi c h t h er e w as a 5 0 % or gr e at er c h a n c es of o bs er vi n g 

gr e at er  t h a n  a v er a g e  n u m b er  of  C O VI D- 1 9  c as es  i n  h u m a ns.  P o p ul ati o n  d e nsit y  a n d  C O VI D- 1 9  c as es,  w h e n 

a n al y z e d t o g et h er, s u g g est c a. 4 % of t h e c o u nti es (s h o w n i n Fi g ur e  4 ) i n t h e U nit e d St at es w o ul d b e at 5 0 % or 

gr e at er c h a n c es of o bs er vi n g gr e at er t h a n a v er a g e n u m b er of C O VI D- 1 9 c as es a n d c o nfi n e d t o a f e w c o u nti es.

T h e t hr es h ol ds pr o vi d e us ef ul i nf or m ati o n as a g ui d e f or cit y pl a n n ers. T h e c urr e nt ur b a ni z ati o n s yst e m is s u c h 

t h at m a n y bi g citi es f or m cl ust ers ( A n g el & Bl ei, 2 0 1 6 ), a n d l o c ati o n- wis e, m ost of t h es e cl ust ers h a p p e n t o c oi n-

ci d e wit h t h e c o u nti es h a vi n g p o p ul ati o n d e nsit y gr e at er t h a n t h e t hr es h ol d. F or e x a m pl e, N e w Y or k Cit y a n d S a n 

Fr a n cis c o w h er e n ati o n wi d e hi g h est C O VI D- 1 9 c as es w er e r e p ort e d, ar e t h e d e ns est c o u nti es of t h e n ati o n. T his 

a p p ar e nt a g gl o m er ati o n of citi es m a y b e c o ntri b uti n g t o r a pi d s pr e a d of t h e dis e as e si n c e it is diffi c ult t o a v oi d 

i nt er a cti o n b et w e e n i nf e ct e d a n d s us c e pti bl e p o p ul ati o ns. T h e dis pr o p orti o n at e distri b uti o n of dis e as e b ur d e n c a n 

t h er ef or e b e li n k e d t o t h e e xisti n g n o n- u nif or m c o n c e ntr ati o n of ur b a n l a n ds c a p es.

T his li n k s u g g ests t h at c urr e nt b uil di n g st o c k s ar e v ul n er a bl e t o i nf e cti o us dis e as es a n d is s u g g esti v e of i n n o v ati o n 

i n r e d esi g ni n g of ur b a n l a n ds c a p es fr o m t h e st a n d p oi nt of a r esili e nt p u bli c h e alt h i nfr astr u ct ur e.

H o w e v er, t his o bs er v ati o n is ess e nti all y a pr eli mi n ar y o n e at t his st a g e t o est a blis h s u c h a c a us al li n k. T h er ef or e, 

it is r e c o m m e n d e d t o u n d ert a k e r el e v a nt t o w n pl a n ni n g st u di es c o n c er ni n g p o p ul ati o n r e distri b uti o n, w hi c h c o ul d 

bri n g a b o ut n e c ess ar y c h a n g es t o b uil d c o m m u nit y r esili e n c e f or f ut ur e e pi d e mi cs/ p a n d e mi cs.

I n  c o m bi n ati o n  wit h  ot h er  g o v er ni n g  f a ct ors,  t h e  p o p ul ati o n  d e nsit y  t hr es h ol d  c a n  pr o vi d e  a  d e cisi v e  c o n cl u-

si o n, n ot a bl y f or esti m ati n g c as es a n d miti g ati n g C O VI D- 1 9 i n h u m a n p o p ul a c e, es p e ci all y f or ur b a n n ei g h b or-

h o o ds t h at ar e m or e li k el y h et er o g e n o us i n r a c e, i n c o m e, a n d i nfr astr u ct ur e ( M a a nt a y & M ar o k o,  2 0 0 9 ; M a a nt a y 

T a bl e 4
C o nti n u e d

St at e
P o p ul ati o n d e nsit y 
( p er s q u ar e mil e)

A v er a g e pr o b a bilit y 
of hi g h c as es ( A p)

M a xi m u m pr o b a bilit y 
of hi g h c as es ( m a p)

Mi ni m u m pr o b a bilit y 
of hi g h c as es ( mi n p)

R a n k of 
A p

R a n k of 
m a p

P er c e nt diff er e n c e 
b et w e e n m a p a n d A p

N e v a d a 2 8. 1 0. 0 2 0. 0 4 3 0. 0 1 7 4 2 4 3 5 3

N e br as k a 2 5. 2 0. 0 2 5 0. 5 2 7 0. 0 1 7 3 3 2 5 9 5

I d a h o 2 1. 6 0. 0 1 9 0. 0 4 8 0. 0 1 7 4 6 4 1 6 0

N e w M e xi c o 1 7. 3 0. 0 2 0. 0 6 9 0. 0 1 7 4 2 3 7 7 1

S o ut h D a k ot a 1 1. 7 0. 0 1 8 0. 0 3 0. 0 1 7 4 7 4 7 4 0

N ort h D a k ot a 1 1 0. 0 1 8 0. 0 2 2 0. 0 1 7 4 7 4 8 1 8

M o nt a n a 7. 3 0. 0 1 8 0. 0 2 0. 0 1 7 4 7 4 9 1 0

W y o mi n g 6 0. 0 1 8 0. 0 1 9 0. 0 1 7 4 7 5 0 5
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et  al.,  2 0 0 7 ).  D e ns e  p o p ul ati o ns  c o m pris e  s u b- p o p ul ati o ns,  n a m el y  c o m m u niti es  of  c ol or  a n d  l o w-i n c o m e 

c o m m u niti es t h at ar e v ul n er a bl e, f or e x a m pl e, p o or h o usi n g, hi g h p oll uti o n, l a c k of a c c ess t o h e alt h c ar e, a n d a 

hi g h er r at e of pr e- e xisti n g c o n diti o ns ( Br ull e & P ell o w,  2 0 0 6 ; B ull ar d, 2 0 0 5 ; P ell o w, 2 0 0 0 ). N e v ert h el ess, t h e 

r el ati o ns hi p b et w e e n p o p ul ati o n d e nsit y a n d c as e l o a ds is s uffi ci e ntl y r o b ust t h at it c a n b e e m pl o y e d b y p oli c y-

m a k ers t o pr e p ar e a nti ci p at or y pl a ns f or s p e cifi c c o m m u niti es a n d t h er e b y pr e v e nt t h e s pr e a d of i nf e cti o n a n d 

miti g at e t h e eff e cts of t h e dis e as e.

C o nfli ct of I nt e r est

T h e a ut h ors d e cl ar e n o c o nfli cts of i nt er est r el e v a nt t o t his st u d y.

D at a A v ail a bilit y St at e m e nt

R a w d at a s ets ar e p u bli cl y a v ail a bl e a n d c a n b e a c c ess e d usi n g w e bli n k s pr o vi d e d. D at as ets g e n er at e d i n t his 

st u d y  ar e  a v ail a bl e  o n  o p e nl y  a c c essi bl e  d at a  s er v ers. htt ps:// git h u b. c o m/ n yti m es/ c o vi d- 1 9- d at a . htt ps:// w w w.

c e ns us. g o v/ d at a/ d at as ets/ti m e-s eri es/ d e m o/ p o p est/ 2 0 1 0s- c o u nti es-t ot al. ht ml . htt ps:// w w w. c e ns us. g o v/li br ar y/

p u bli c ati o ns/ 2 0 1 1/ c o m p e n di a/ us a- c o u nti es- 2 0 1 1. ht ml # L N D . W hil e t h er e ar e m a n y ot h er li n k s t o g et t h e d at a o n 

C O VI D- 1 9 c as e n u m b ers, t o t h e b est of o ur k n o wl e d g e, Git H u b is t h e o nl y c o n cis e y et c o m pr e h e nsi v e s o ur c e 

w hi c h  pr o vi d es  e as y  t o  a n al y z e  c hr o n ol o gi c al  c as e  c o u nt  d at a  f or  U S  at  c o u nt y  s c al e.  All  t h e  d at a  a n al ysis 

w as  p erf or m e d  usi n g  t h e  MI NI T A B  s oft w ar e  p a c k a g e,  a  st a n d ar d  p a c k a g e  f or  st atisti c al  a n al ysis  a v ail a bl e  at 

htt ps:// w w w. mi nit a b. c o m/ e n- us/ pr o d u cts/ mi nit a b/ .

Fi g u r e 4. U S c o u nti es wit h gr e at er t h a n 5 0 % pr o b a bilit y of a v er a g e n u m b er of c as es as of 3 0 N o v e m b er 2 0 2 0.

https://github.com/nytimes/covid-19-data
https://www.census.gov/data/datasets/time-series/demo/popest/2010s-counties-total.html
https://www.census.gov/data/datasets/time-series/demo/popest/2010s-counties-total.html
https://www.census.gov/library/publications/2011/compendia/usa-counties-2011.html
https://www.census.gov/library/publications/2011/compendia/usa-counties-2011.html
https://www.minitab.com/en-us/products/minitab/
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