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Climate Normals: 1991-2020
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Figure S1. Climate normals at the Abbotsford Airport Climate Station EC1100030/31
(ECCC, 2023) from 1991 to 2020. Monthly maximum (red line), mean (beige line), and

minimum (blue line) temperatures. Monthly mean precipitation (blue bars) and snow
(dark blue bars).
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Figure S2. Annual count of landfalling ARs in the study area (see Figure 1) from three AR
catalogues: (1) Center for Western Weather and Water Extremes (CW3E) observations, (2)
Cropped and resampled Rutz et al. (2014) catalogue, and (3), cropped and resampled
Gershunov et al. (2017) SIO-R1 catalogue.
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Figure S3. Kolmogorov-Smirnov goodness-of-fit D-statistic for select distributions used
in computing the SPI. The Pearson Type-3 (PE3) is selected in this study as it is the most

consistent distribution with a low variability in the D-statistic. The dashed grey line

represents the D-critical statistic (0.18) for which the empirical data no longer fit the

tested distribution.
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Figure S4. Groundwater monitoring well level data with a loess smoothing line in teal.



owoo02 owoog ow255 Oow259 owar2 OW275

:
]
:

Oow299 Oow301 Ow349 OW353 0OwW354 OwW357

:
]
:
:

OwW360 Ow406 Qw440 Ow441 0w446 Oowa47

1.0
05
0.0
-0.5

Ow449 OW450 Ow451 OW452 OW453

3
:

ACF
Q
=
£

§
]
:
:
s

owas7 ow459 Oow462 Ow463 Oow474 OwW485

;
:
1
]
]

0 250 500 750 10000 250 500 750 1000

0 250 500 750 10000 250 500 750 10000 250 500 750 10000 250 500 750 1000
Lag [days]

Figure S5. Decorrelation lag time (red dot) of the ACF for each well.

OwWo02 OWo08 ow2s5 ow259 owz72 ow275s
1.0
05
0.0
05
OW299 OW301 OW349 OW353 OW354 OW357
1.0
05
00
05
OW260 OW406 OW440 oW441 OW446 ow447
1.0
05
0.0
05
[
Q OW448 oW449 oW450 oW451 OW452 ow453
1.0
05
0.0
05
OW457 OW459 OW462 ow463 ow474 owass
1.0
05
0.0
05
-
OWass owEs0 OWagt oWae2 0 250 500 750 10000 250 500 750 1000
1.0
05
0.0
05

S}

250 500 750 10000 250 500 750 10000 250 500 750 10000 250 500 750 1000
Lag [days]

Figure S6. Linear decay rate (red line) at early lag times of the ACF for each well.
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Figure S7. Damped decay sinusoid function fit to the ACF for each well.
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Figure S8. Daily groundwater level rates of change (ROC) cross-correlated with daily
precipitation to a maximum lag of 365 days.
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Figure S9. Daily groundwater level cross-correlated with daily precipitation to a
maximum lag of 365 days. The red dot shows the lag time for the minimum correlation
values.
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Figure S11. Maximum AR intensity averaged by month.
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Figure S12. Total monthly precipitation as a function of mean monthly groundwater
levels.
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Figure S13. AR fraction of precipitation as a function of mean monthly groundwater

levels.

12



ACF Cluster 1 ACF Cluster 1 ACF Cluster 1 ACF Cluster 1 ACF Cluster 1 ACF Cluster 1

Canfined Confined Confined Confined Canlined Confined
owzse owas? owa40 owa41 OW446 owad7
075 e g — N 135 y [
100 ey . d g e 36.0 PR B IRAY- .- 140 o Sl 8.1
125 s . 1o a;'.--f"’:_f'— 3.5 A 15 AT s 8.4
A . ; . 1, + -
150 53 "o ATyt 370 4 / 150 e a6 Ve
175 o) * 8 275 17 e P ALCT I e
ACF Cluster 1 ACF Cluster 1 ACF Cluster 1 ACF Cluster 1 ACF Cluster 1 ACF Cluster 1
Canfined Confined Confined Fractured Fraclured Unsonfined
owW463 owara owag1 owess ow4s2
15 . 235 ¥ 30 10
50 e 0 b 16O g st 20 2 aTE i
55 Sop 24.5 . 16.5 . s TR, 1
250 25 ) —
50 - o 265 ;‘/\/ 170 o . 3 T 13 .
65 27 " 260 " 175 Ll : 6 14
ACF Cluster 1 ACF Cluster 1 ACF Cluster 1 ACF Cluster 1 ACF Cluster 1 ACF Cluster 1
Unconfined Unconfined Unconfined Unconfined Unconfined Uncanfined
= owaos awa75 o299 owao1 owass
— .
3 5 R 2 16 PEA L X
% 18 5 i 3 17 4 i
- 8 6 “ala— . et 18 5 :1—*'1’! -
B " AL 4 SFaviee *
g 7 i 5 19 -
] ACF Cluster 1 ACF Cluster 1 ACF Cluster 1 ACF Cluster 1 ACF Cluster 1 ACF Cluster 1
3 Unconfined Unconfined Unconfined Unconfined Unconfined Uncanfined
Qo owasd OwW360 ow408 owas0 ow4s3 owago
= 2.0 . 19 L 3.0 *
= . o . 20 F = - .
E 10 3 3 . . - - . —_—
R 4 E 25 M 28 . R b .
f 10 Nl . 2 — B s m 3.0 =. 2 ,‘-/r/f P
. = ¥ - J o wl
g b O L R H rﬁﬁ' .t 35 5 B o0 35 r"I—ﬂ'f.—!.—. 22 g . 50 b
= ACF Gluster 1 ACF Cluster 2 ACF Cluster 2 ACF Cluster 2 ACF Cluster 2 ACF Cluster 2
Unconfined Fractured Unconfined Unaonfined Unconfined Unconfined
ow492 ow34g owaag o419 ow4s1 owas2
52.5 w2
60 e 20 AR MR 20 3 z 6 L 14.0
575 - i 25 3007 o U
30 Se—s Pl O T & Q 14.5
60.0 ; 35 Tee e 3.0 e .
62.5 Ly . - 10 e 3 15.0
10 p 35 5 » i
65.0 . e . 155
ACF Gluster 2 ACF Cluster 2 ACF Cluster 2 ACF Cluster 2 200 400 800 60O 200 400 800 50D
Unconfined Unconfined Unconfined Unaonfined
owas7 OWase OwW485 ow4ss
.

29 . 1.0
s 20 2 / 15 R
: 24 e = o W<:./J
25t . 3 Tre 25 LEE
800 200 400 600 800 200 400 600 800 200 400 GO0 8OO
Max IVT [kg m-" s-1]

Figure S14. Maximum monthly AR IVT as a function of mean monthly groundwater
levels.
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Figure S15. The fraction of consecutive dry days (CDD) in a month as a function of mean
monthly groundwater levels.
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Figure S$16. The fraction of number of dry days (NDD) in a month as a function of mean
monthly groundwater levels.
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Figure S17. CWT for the SPI-6. Significant periods outlined in white.
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Figure S18. WTC between ONI and SPI-6. Significant periods outlined in white. Black

arrows represent the phase lag between both signals.
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Figure S19. Wavelet coherence between the GWLs and ONI. Grey rectangles mark areas
of significant coherence at a 5% significance level.
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Figure S20. Linear decay rate as a function of the decorrelation lag time with a log1o
smoothing fit.
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Figure S21. The linear decay rate fitted to the ACF as a function of well distance to the
closest reach of the Fraser River. Linear and logarithmic regressions are fit to cluster 1
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and 2 aquifers, respectively. OW349 is omitted, as it is not hydraulically connected to the
Fraser River.

“ﬂ.*‘.\‘ SN T SO SR Y ot i y
AR AR

avatadl

|

N
g
L A AR

Depth to Watertable [m]
N
{2}
(5]

2.70 g

275 \1

- 250 f—— P

g 200 / =

! = 150 _/_’_/-/— ‘ |
| £ ‘ \
& 100 !

Nov 15 Nov 22 Nov 29 Dec 06 \\‘

O bYellSwheadl
BSnow;Station

Figure S22. Headwaters of the Fraser River Basin (FRB) and the groundwater response in
OW 502 and snow water equivalent (SWE) during the historic November 2021 ARs.
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Table S2. Hydrometeorological summary of drought and deluge in the last decade. The
long-term average is computed from 1980 to 2022. *Major drought year. **Major
drought year interrupted by the strongest recorded AR in the Fraser Valley. ***Very wet
winter.

Year Total AR AR Fraction of T(()I_t\iln':l‘aDlD Max
Precipitation = Count Precipitation fraction) CDD
2013 1514 33 0.28 215 (0.59) 19
2014 1684 35 0.29 230 (0.63) 26
2015* 1289 40 0.44 241 (0.66) 32
2016 1588 32 0.31 207 (0.57) 24
2017 1645 37 0.40 214 (0.59) 29
2018 1505 40 0.42 217 (0.59) 29
2019 1212 34 0.44 244 (0.67) 21
2020 1694 52 0.42 215 (0.59) 25
20271** 1618 53 0.56 223 (0.61) 53
2022%** 1311 28 0.44 233 (0.64) 77
;“”:‘;’a;‘::m 1542 34 0.37 216 26
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