Supplementary material

A Weekly reported cases of COVID-19

We present the weekly reported cases of COVID-19 in the thirteen local health areas of Fraser Health,
BC, Canada, from July 2020 to January 2021, inclusive. The data was extracted from a line list
generated by BCCDC Public Health Reporting Data Warehouse (PHRDW), based on symptom onset
date or reported date where symptoms onset date is not available.
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Figure A: Reported cases of COVID-19. Weekly reported cases of COVID-19 for the 13 local
health areas (LHA) of Fraser Health, British Columbia (BC), Canada, for the period from July 2020
to January 2021.



B Weekly mobility matrices

We present the weekly mobility matrices constructed from Telus mobility data for the period from
July 2021 to January 2022.
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Figure B: Mobility matrices. Probability matriz (w) computed from the Telus mobility data for
week 1 - 6 (July 1, 2020 - Aug 12, 2020). wj; is the probability that an individual who migrated from
one of the 13 LHAs to region j, originated from region 1.



Week 7 Week 8

Tri-Cities{o0 o0 0085 0002 000¢ 0 0011 0003 0033 0.024 0005 n.n&l.‘l Tri-Cifies{o0ie 0 0084 0002 0.004 O 0011
Surrey {0011 0 0014 0003 0029 0 0037 0002 0.009 0011 0037 0018 Sumey{o0iz 0 0015 0003 0.028 O 0.037
South Surrey/White Rock] et © 0008 0003 0013 0 0029 0.001 0004 0.00¢ 0,184 0.008 South Surrey/White Rock] 001 o o008 0002 0013 0 o02e
c Mew Westminster{oos ¢ o009 oo 002 0 0007 00O n.nu?-nm’r 0071 0052 = New Westminster{oms 0 0085 0001 002 0 0007
o o
? Maple Ridge."Pit! Meadows] 0.025 0001 0024 0008 0006 O 0.067 n.m-u.nna 001 0.078 0084 g, Maple Hidge.-’Pill Meadows] 0024 0.001 0.023 0006 0.005 O 0056 0022
= Mission{ @267 oooe ooz 0051 0008 0 0038 0416 0078 0.009 0014 0.067 0.034 = Mission{ 0271 0008 0014 0052 0.007 © 0035 0439 0.074 0.007 0012 0.048 0034
c c
o Langley{ eo61 coo1 0015 001 o008 o -nms 0.026 0.006 048 06 0.021 8 Langley]cos1 oot 0015 001 o008 o.oo\_u.m 0.027 0.006 0049 036 0.021
= =
g HOPE 0112 0.036 0056 0207 0026 0.148 0.086 0026 0.035 0.017 0.03 0.158 0.064 g Hope 0107 0.039 0.047 0183 003 0167 0073 0031 0.044 0079 0.03 0161 0058
£ =
g Deltad cos o o003 o003 0 0021 0.002 0008 0.033 0036 0.9 0019 g Deltajoosr o o0 nmax 0 0021 0.002 0008 0.033 0.034 0.183 0019
o Chilliwack{ 007 aos oo [BHEE| 0006 0007 0021 0008 0008 0004 0011 0035 0013 s Chilliwack { 007+ 0.0¢2 0oos [BRT] 0.005 0007 0019 0009 0007 0.004 0008 0032 DOV
Bumaby{ooe o [BBEJooo vote o 0009 000 wooe 0.0ss 0006 noss 00ss Bumaby{oors o[B8 o2 0007 o 008 0om voos 00s 0ot6 004 0057
Agassiz/Harrison ] 0078 0324 0038 0224 0.016 0.007 0.048 0047 0.033 0.013 0023 0.096 0.052 Agassiz/Hamison{ 0068 0366 0034 0234 0.018 0008 0.042 0042 003 001 0021 0079 0047
Abbolsford_ 0002 0.006 0037 0.003 0001 0.035 D028 0.009 0.002 0.007 0.028 0.007 Abbolsford{. 0.002 0006 0.07 0.003 0001 0.035 0028 0.009 0.002 D006 0.027 0,007
'E = = ﬁ E @ sl = “n lﬂ-) ﬁ ol w E = = 5 s @ = (=4 w a a2 Pl w
£ 8 §9§£ 888249 ¢F &8 £ § 8§45 3855 82 3¢F ¢
B E E 2 O T g w# ®w E @©C 3 § Z E E 2 O X € w8 £ C 3
=] o = L @ E e O I o o 2 = | 5 o E @ W I
8 T @ = a 2 = 4 T @ = Q = =
a = = W = = o 3 = a = =
< N o s = < N o a2
@ g = = ] E = §
5 s 3 & g s 5 B
< g = - < g =z @
i 2 e £
&£ = @ 3
g @ g @
= =
Region of origin Region of origin
Week 9 Week 10
Tri-Cities{ 0016 0 0076 0002 0004 0 0012 0.003 0035 0.025 0005 o.osa.l Tri-Cities{ 0013 0 0115 0.002 0004 0 0015 D003 004
Su[[ey 0012 0 0015 0003 0020 O 0039 0002 001 0011 004 o002 Suﬂ'ey o011 0 0015 0003 003 o 004 0002 0.008
South Surrey/White Rock] 001 0 0008 0002 0014 0 0032 0007 0004 0.004 016 D008 South Surrey/White Rock{oe 0 0007 0002 0078 © 0038 000 0004
] MNew Westminster{ 0008 0 0096 0001 0025 0 0008 0001 0-008-0008 008 0057 = New Westminster{ 0006 0 008 0001 0048 0 0.008 0001 0008 0007 0.124 D053
o o
o Maple Hidge."Pin Meadowsq 0025 0001 0024 0006 0005 0O 006 u.ﬂzz-u.uns 001 0.075 0.09% g, Map|e Hiclge.-’F'iu Meadows{ 0028 0.002 0.024 0005 0005 © 0081 0019 0.008 0008 0073 0109
@
= Mission{ 0284 o008 0.014 0040 0.007 0001 0.038 0436 0073 0.008 0011 0.049 0034 Missionq{ 0376 0.008 0.018 0033 0.007 0.042 0.034 0368 0.086 0.00B 0011 005 0032
=
_Q Lan\gy 0.064 0.001 0015 001 0.009 0.001 -D.\KH 0.028 0.006 0048 0.166 0022 Langley 0066 0.001 0.016 0008 0.009 uml-u.uw 0027 0.006 0.037 0179 0022

HQPE 01090 0.041 0056 0179 0.03 0.182 0.074 0.026 0.034 0.019 0036 0.165 0.050 Hope 0.108 0.065 0.063 0.14 003 0.154 0.077 0.019 0.043 0.023 0.031 0.174 0073
DE“E 0047 0 0. nmn 0 0.022 0002 0.008 0.033 00356 0.201 0018 D&F[a o o 0.027 0.003 ! 0 0027 0002 0.007 0031 0035 0232 0017
Chilliwack{ 0077 cos oon [BR 0005 000s 002 0008 0007 noos 0008 0c21 ot Chilliwack{ 0087 007 o013 BB 0006 0007 002 0o0s 0007 boos 001 0404 0013

Bumaby{oms o [0z oote 0 091 00w 001 0051 0007 00t 008 Bumaby{ oo o[B8 00 0oc9 o om2 aom 001 007 0007 0085 00se

Destinat
Destination r

3

Agassiz/Harrison | 0.069 0383 003 0219 0.016 001 0042 0.042 0028 0.012 002 0.087 0.042 Agassiz/Harrison{ 0061 (0477 0.037 0.156 0.014 0.007 0.038 0.042 0024 0.011 0015 0.081 0037
Abbulsfard{. 0003 0.007 0033 0003 0.001 0.038 003 001 0.002 0007 003 0.009 Abbo!sfo:d{. 0.004 0,009 0.087 0.003 0002 0.041 0032 0009 0.003 0007 0082 0.01
'E (= 2= x E L] ) [ 0 ‘q" % ) w 'E c ) E 4 E 1] = c w a ﬁ - w
2,8%%‘»%%,;,5608;;2 E‘ggmﬁo%%g‘ﬁo g
# E E E O I £ w» ©W £E £ = § s E E E QO I ¢ w ©W £ K 3 9
B2 B & 3=8 E g8 @ = g 5 3 = 5= 8 E 2 9 &
5 5°35 =3 r 2§55 s gz *
< o5 g = = * g s =z =
g = = g E 3 3
=] [ % £ o & § B
< g =z a < g 2z u:'i
i 2 = £
& El 2 =
g 3 g 8
= =
Region of origin Region of origin
Week 11 Week 12
Tri-Cities{ 0013 0 0112 0003 000¢ 0 0015 D004 0041 0.029 0008 0.078 Tri-Cifies{ 0013 0.001 0411 0.002 0.004 © 0015 0.004 0042 0.020
Su"ey- 02 © 0016 0003 003 0 0044 0002 0009 0.018 0052 o021 SLIITEY 0012 0 0018 0003 003 0 0044 0002 0.009 0.0
South Surrey/White Rock] 0o o 0008 003 0015 0 004 0001 0.004 0.009 0125 0.008 South Surrey/White Rock{ome 0 0008 0002 0015 0 0.038 0001 0004 D003
c New Westminster{ 0906 o ooe1 000z 004 0 001 0001 0003 [6888] 000e 0129 0ss c New Westminster{oos o 081 000z 00es 0 001 0001 000 8688 oooe 0125 woss
o <]
? Maple Hidge."Pitt Meadows 0.020 0002 0021 0005 0005 O 0081 0021 -u.ona 0008 0.088 0.107 ‘G Maple F{idge.-’Pill Meadows{ 0028 0.002 002 0006 D005 O 008 a.m-nm 0008 0.067 0107
@
= Mission{ 2378 o008 0014 0033 0006 0001 003 0388 0063 0.006 0.008 0.038 0027 el Missionq 0388 0.00% 0011 0084 0.005 0002 0.026 0402 006 0.005 0D.008 0.032 0.021
c c
o Langley 0066 coo1 0015 001 0008 0.001 -n.mw 0.027 0.006 0.038 0.181 0.021 K=} Langleyq]cos7 ooz oote o001 o008 B.W-CI.DM 0026 0.006 0.037 0I5 0021
= =
g ngg 0112 0077 0043 017 0025 0228 0064 0026 0.031 0.015 0026 0.133 0.049 E Hope 0113 0.086 004 0172 0.023 0266 0056 0024 0029 0.015 0.028 0096 0065
= =
g Deltadoo21 © on27 om§ 0 0028 0002 0.008 0.032 0.035 0234 0017 g Deltajoozn o o026 nmsm 0 0028 0002 0.008 0.031 0.035 0233 0017
o Chilliwack{ 006+ aose ocor [BFB| 0004 0008 0016 0008 0005 nou2 0006 0022 0008 a Chilliwack { 00ss 0083 0005 58] 0.003 000 0014 0008 0005 0002 0005 0019 O00s
Burnaby{eon o -ooaz 0008 © 004 0.002 0011 0.077 D.00B 0.059 0.064 Bumaby{oen o -o.ooe 0008 O 0014 0002 0.011 D.OTT 0.008 0.058 0.065
AgassizHarison 0.049!0.013 0163 0.011 0008 0,022 0042 0.017 0.008 0012 0.043 0021 Agassiz/Hamison | mm- 0012 0.185 0.006 0.008 0.015 0034 0012 0.002 0.01 0.034 0015
Abbolsford_ 004 0,009 004 0,003 0002 0.041 D033 09 0.002 D07 Abbo!:sford{. 0004 D01 004 D003 DO2 0042 0034 001 0002 0007 003 0009
'E = = - E @ Pl = 0 lﬂ-) = 'E = = a2 ﬂ @ = = w a a2 = w
5 38 83 583 2 5 8 8 s § 8 8% 5 8 25 8 8 & £
g fEES P8 EC s EEE82P B L 3B
= a z = = o 2 =
g §° = B = 5 oL B 2§ = =
< in = =z 2 < 3 = = =
@ a = @ a >
-8 s § B |- s 3 2
< g = - < g =z &
i £ = £
&2 3 @2 =
3 § @
= =
Region of origin Region of origin

Figure C: Mobility matrices. Probability matriz () computed from the Telus mobility data for
week 1 - 6 (Aug 13, 2020 - Sept 23, 2020). wj;; is the probability that an individual who migrated
from one of the 13 LHASs to region j, originated from region i.
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Figure D: Mobility matrices. Probability matriz (w) computed from the Telus mobility data for
week 1 - 6 (Sept 24, 2020 - Nov 4, 2020). 7;; is the probability that an individual who migrated from
one of the 13 LHAs to region j, originated from region i.
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Figure E: Mobility matrices. Probability matriz (w) computed from the Telus mobility data for
week 1 - 6 (Nov 5, 2020 - Dec 16, 2020). m;; is the probability that an individual who migrated from
one of the 13 LHAs to region j, originated from region 1.
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Figure F: Mobility matrices. Probability matriz (w) computed from the Telus mobility data for
week 1 - 6 (Dec 17, 2020 - Jan. 27, 2021). wj; is the probability that an individual who migrated
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C Reported cases and model predictions

In this section, we present the model’s predicted cases and the estimated parameters for the remaining
nine LHA whose results are not presented in the Result section of the main text.
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Figure G: Observed and estimated COVID-19 cases. Weekly reported cases and model predic-
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D Table of estimated parameters

We present the estimated parameters for the distance matrix and weekly mobility matrices scenarios.

Table A: Estimated parameters for the distance matrix scenario. The estimated parameters
obtained for the distance matriz scenario with 90% credible interval (Crl).

Parameter Mean estimate (90% CrI)
io A7.61 (44.82, 50.31)

coj (pop. mean) 0.45 (0.35, 0.54)
coj (pop. variance) 0.18 (0.12, 0.26)
Co, 0.62 (0.60, 0.64)

Coy 0.41 (0.28, 0.56)

Coq 0.58 (0.55, 0.61)

co, 0.54 (0.50, 0.58)

Cos 0.54 (0.50, 0.57)

Cog 0.18 (0.00, 0.36)

o, 0.46 (0.41, 0.50)

Cos 0.20 (0.09, 0.30)

Coo 0.37 (0.31, 0.43)

Corg 0.52 (0.45, 0.58)

Cor, 0.36 (0.31, 0.42)

Cors 0.65 (0.646, 0.656)

Cors 0.51 (0.48, 0.54)

0 0.53 (0.44, 0.60)

o 1.51 (0.90, 2.10)

g (pop. mean) -0.33 (-0.52, -0.14)
g (pop. variance) 0.30 (0.16, 0.47)
G -0.19 (-0.21, -0.17)

73 20.50 (-0.52, -0.48)

g4 -0.12 (-0.14, -0.10)

gs 20.02 (-0.03, -0.003)

g -0.57 (-0.60, -0.54)

gr 20.50 (-0.55, -0.45)

g 20.59 (-0.77, -0.40)




Table B: Estimated parameters for the weekly mobility matrices scenario. The estimated
parameters obtained for the scenario we used weekly mobility matrices with 90% credible interval

(Crl).

Parameter Mean estimate (90% CrI)
io 50.19 (47.37, 53.04)

co; (pop. mean) 0.21 (0.05, 0.36)
co; (pop. variance) 0.35 (0.24, 0.47)
co, 0.59 (0.56, 0.61)

Cog 0.25 (0.06, 0.45)

Cos 0.50 (0.47, 0.54)

Cos 0.38 (0.33, 0.43)

oy 0.19 (0.08, 0.30)

Cog 20.30 (-0.54, -0.04)

co, 0.01 (-0.10, 0.11)

Coq 20.19 (-0.36, -0.03)

Coo 20.02 (-0.15, 0.12)

Cosg 0.34 (0.21, 0.45)

Cors 0.02 (-0.09, 0.15)

Cors 0.601 (0.597, 0.61)

Coss 0.37 (0.31, 0.43)

0 0.90 (0.72, 0.98)

o 2.11 (1.52, 2.69)

g (pop. mean) -0.28 (-0.45, -0.10)
g (pop. variance) 0.32 (0.19, 0.50)
a 20.16 (-0.17, -0.14)

g 2048 (-0.50, -0.45)

g 20.08 (-0.10, -0.06)

Js 0.02 (0.003, 0.04)

Je -0.53 (-0.56, -0.50)

gr L0.47 (-0.51, -0.43)

g 2058 (-0.74, -0.40)
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E Regions and their population sizes

Table C: List of regions and their population sizes. The thirteen local health areas (LHAS) in
Fraser Health, British Columbia, Canada, and their population sizes. Source [1].

Local Health Authority (LHA) Population
1 | Abbortsford 161,912
2 | Agassiz/Harrison 10,770
3 | Burnaby 257,926
4 | Chilliwack 105, 862
5 | Delta 112,259
6 | Hope 8,931,
7 | Langley 161,725
8 | Mission 47,652
9 | Maple Ridge/Pitt Meadows 111,502
10 | New Westminster 82,590
11 | South Surrey/White Rock 107, 347
12 | Surrey 512,436
13 | Tri-Cities 254,583

F Results for the scenario with a fixed mobility matrix for
the entire study period

In this section, we consider a scenario where mobility is described by fixed matrix computed from
the Telus mobility data for the entire study period.
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Figure I: Fixed mobility matrix for the entire study period. Probability matriz (7) computed
from the Telus mobility data for the entire study period from July 1, 2020 to Jan. 27, 2021. mj; is
the probability that an individual who migrated from one of the 18 LHASs to region j, originated from
TEGION, 1.
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Figure J: Observed and estimated COVID-19 cases. Weekly reported cases and model pre-
diction (columns 1 and 3), computed using the fixzed mobility matriz in Figure I. Disease transmis-
sion rate, 3;(t) and the contribution of mobility to disease transmission, e™8) (columns 2 and 4).
Black dots are the weekly reported cases of COVID-19, the solid lines are the mean estimates of
cases/parameters, the darker bands are the 50% Crl, while the lighter bands are the 90% Crl.
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Figure K: Observed and estimated COVID-19 cases. Weekly reported cases and model pre-
diction (columns 1 and 3), computed using the fixzed mobility matriz in Figure I. Disease transmis-
sion rate, 3;(t) and the contribution of mobility to disease transmission, e™8) (columns 2 and 4).
Black dots are the weekly reported cases of COVID-19, the solid lines are the mean estimates of
cases/parameters, the darker bands are the 50% Crl, while the lighter bands are the 90% Crl.
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Table D: Estimated parameters for the fizred mobility matrix scenario. Estimated param-
eters with 90% credible interval (Crl).

Parameter Mean estimate (90% CrI)
20 35.75 (33.79, 37.78)

coj (pop. mean) 0.31 (0.14, 0.48)
co; (pop. variance) 0.38 (0.26, 0.52)
Co, 0.71 (0.69, 0.73)

Cos 0.30 (0.10, 0.50)

Cos 0.66 (0.62, 0.70)

co, 0.54 (0.47, 0.63)

Cos 0.36 (0.26, 0.45)

Cog -0.29 (-0.56, 0.01)

Co, 0.21 (0.11, 0.32)

Cos 0.02 (-0.16, 0.18)

Coq 0.19 (0.07, 0.32)

Cosg 0.45 (0.34, 0.58)

Cors 0.15 (0.05, 0.25)

Coss 0.76 (0.756, 0.77)

Cosa 0.55 (0.49, 0.61)

0 0.60 (0.52, 0.70)

e 1.55 (1.10, 1.99)

g (pop. mean) -0.41 (-0.60, -0.21)
g (pop. variance) 0.31 (0.17, 0.48)
g -0.34 (-0.36, -0.32)

g3 -0.60 (-0.62, -0.57)

0 20.22 (-0.24, -0.20)

gs 0.1 (-0.13, 0.10)

g 20.67 (-0.71, -0.64)

g7 -0.60 (-0.64, -0.55)

g 20.71 (-0.92, -0.51)
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