附件4 第16届青年学术交流会英文稿件格式《River》
[image: ]


[image: ]


[image: ]


[image: ]
[bookmark: _GoBack]
image1.png
et 27 Ang 2 | v 26y 204 | Mt 5y 220

River IWHR WILEY

Imprints of large-scale climate oscillations on river flow in selected
Canadian river catchments
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Abstract
We investigatod the impacts of sk major dimate xcilltions on ive flow atthee
stations within the Humber catchments (ocated in Ontario, ON and Newound-
Land and Labrador, NL)from 1970 t0 2020 sing sensitivity and wavelet analyss.
Results ndicat tha th discharge a East Humber River ear Pine (ON) cxhiits

M the higheststatiticaly sinicant ensitiviy, with 0.304and 0,398 manthly urits
10 the Dipoke Mode Index (DM and Tropical North Atantic (TNA).
po—— respectvely. Monthly sgnifcance analysis alo highlights he diverse nflunce

e g gttt s st | of argescale cimate osallatons on iver low aeros the thrce loations. Wavelet:

it Meoe A0t | apalyss revealssgnifcan actve multidecadal osilations for the Norh Adlantic
o A— Oscilltion (NAO) a East Humber River near Pins, with high spectral power. We

confirmad that stations within ON demonsrate enstiites in  similar dition
[ t0thelrgescale limateoscllions, contrasting with thse ofeervd st NL. The

observed nconsistency in the relatonship between large scal climate cscllations.
and,for instance, NAO a various locations sugests that the impacis ofcimae.
oscilations may manifest differently i different regions. Overall, whil inland.
Stations cxhibi simlar sensitvity patierns, the coasal staton demonsirates
disinet responscs, highlighting the importance of geographical context in
understanding the impucts of largescale climate osciltons on river flow
dynamics.
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1| INTRODUCTION to ensure human comfort and susained fvlihood, svers

alio serve as soures of clean and rerewabe cncrgy

Riverine landscapes provide csentil ccorystem sevices
needad to balance matural and human modified emiron.
menis. Beskds these servies, rivers also add acsthetcs to
the cnvironment and serve % naturalariacts (Gow, 19957
Mulline, 2009). In many countries, such 3 Canads, rivers
havesharcd  long istory with the countrys development,
serving as a spae or cxchanging goods and services during
the European Civlizaton, means o irigation, an csental
agricuburalsystem for food availabilty (such s conrollad
imgation for contimucd crop production and growth), and
also serving 15 a means of conmcctivity via water
transportation (Corkal & Adking, 2006; Hassanzadeh
el 2014 Innis, 1999; Pezak etal, 2022), Furthermore,

(Les, 2011; Wang et al, 2014). From the forcgoing, it is
cvident that tivers are 3 crucil component of our
environment and scental for our sustenance and cxistne
(Fashac et al, 2022). For continued and susained.
comysem servics, we nead to_ ensure that our_rivers
remain healthy and rlabl through consitent monitoring.
conscious rotecton, sustsinsble estoration practices, and.
prescrvation (Bache et al, 2011 van Licr et al, 2011).

Monitaring rivers consistntly is crucial because it
allows us to track their health and condition over fime.
(Kar, 1999). Withou ongoing obscrvation and data
collecton, we woud not_understand how rivers arc
changing, what threats they face, or how cffective our
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conservaton cffors are. Essentlly, monitoring belps us
detect carly signs of degradation, Meniy emersing issus,
and take umely actons to addres them. I provdes the
Toundation for informed decsion making, enablng s to
implement adequate protection, esoration, and presera-
on measures o enetrs rivr ciosystems’ long-term heally
and sustsinabiity (Bernhardt ot al., 2007; Maddock, 1999).
Unfortunatly, despie concered efforts dofally o schicwe
cfficent and consistent monitoring of our waterways, the
current slobal manitoring networks are sl not enough;
this s because the existing networks ar inherently basad
regarding thei diswibution and the diversity of rivers
(Krabbenhoft et al,, 2022) Even though one could argue
that some locations arc performing beer than others in
terms of coverage and monitoring scheres, the spatsl
density.even for most sobal northern countris, is sl not
enouh coupled with inadeguate continuous flow records,
changing slobal dimate, and the intrins: behavior of snow
melt dominated rivers, making careul plarming and

‘Shabbar, 2008; Fentaw e al. 2019 For counrs such as
Canada, the availiblty o long temn records provides an
v for a deeper wndesunding of rver fow It would asd
i improving cconamic and environmental activites aich as
bt not limaed 1o hydrodctre producton, frehwater
transpartation coss ercaton, watr qualy, and cological
hubtat mappng (Bonsal & Stabbar, 2008 Even in the
mos deeloped and advanced countres, contmuors and
mintemuptad herflow recods are challenging. Addionally,
e behavor oflong-erm vr low rcords i highy dymami
and chaotic, which maks prodition chullenging (Oluscla
@ al, 2023). Therors, cxploring altemative mthods
entuce sver forecasting and flow measuement techniques
becoms cruial One promising appmach ol ecraging
arge e chmate csllations. Largescale chmate calaons
offr valuaie inghts into the complex and interomectad
factors that iflunce iver flow, making them an csentil
ol for improving river forccasting and flow measurement
echniges.
Understanding the impact of lare-sale climate ecilla-
tons on rivers 16 cneisl for acaurte forocstng and
managing water rsoues. These large osslations, such 15
the North Atlrtic orthe £ Nino Southern Ossltions,ofer
mique insghts nto rier flow properics and_nflunce
regonal climste pattens. By recogning the influnce of

McMabon, 2003 Mihractal, 201 1; SH et al, 2021)
SOI provics a quintiative measure of phasss of the
ENSO cyce andis akubted from the varaions of monthly

mean s leel prssure difernce across the Pacic Ocean,
from Tahis (1731° S and 210°26° E) to Darvin (12725 §
and 1°S0° E) inthe west. The PNA tlecomecton ptter
Shows the intermal mode behavior of the Nortiern Hemi
Sphere atmesphere 45 it mucnces the hydro-dimate and.
coosystems of the North American Pacific secor. L et al
(3030) found incrased extreme weather cvents i North
Ameria due 10 ek s among global warming, ENSO,
‘and PNA. The TNA and North Alntic Osillion (NAO)
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redationship betveendimatc indicss and_ river flow
dynamics. The observed (interlecadal fucuations in the
10-32 year power for DM1 during the 19805 to the 19905
highlisht the need to. understand. climate variabilys
impact on water rsoures over different tme scales.

In conirast between the 20005 and 20105, strong.
decadal observations were observed for TNA between
the 1970c and 1990, and strong interdecadal fuctua-
tons were observed for WP. This temporal variability
suggests dynamic changes i the climatic indices over
these periods. The waveletcocfficients from the analysis
across the three subbasins are shown. Statisticaly,
Significant wavelet powes with respect to dmefrequency
s shown with thck lines in & conica form 6. Signifcant.
active multidecadal osclltions were observed for only
NAO with high power within East Humber River Near
Pine (02HCOW, Red), while others were low in power.
“The observation of significant multidecadal oscilltions
for NAO within East Humber River Near Pinc
(02HCO0) sugsests NAO's prolonged and impactful
influnce on the climatic conditions in that specific
location. However, at Humber River at Westin
(02HC003), DMI showad high pows for three decads,
indicating 4 sustained climatic impact on this location.
Understanding the variations in climatc indices is
crucial, especially_considering the potential implica-
ons for water resource management and ccological
resilince. The presented pattems were rlatively low.
for other periods and locations across the studied
subbasins. Knowing if the obscrvation is spurious or
just coincidence becomes challenging. As poinied out
by Grinsted et al_ (2004), the cross-wavelet transform
could help judss similaritis cmpiricaly.

These observed fuctuations gin sinificance in the
broader context ofa changing dimatc. Climate change in
the North American region is of global interest. There
have been reports of increasing ice melt in the North
American region (Wa & Li, 2122 This can aler the
amount of precipitation in diffrent regions of the
contincnt. Changes in precipitation afect mver discharge
sineit is our ivers’ primary water source. An ncreasc in
sca surface temperature, especally around ENSO, has
also been reportad in leraure (Cai et al, 2021). ENSO
also strongly influences precipiation, not only on the
North American continent but workdwide and other

environmentalfactors will dircely mpact iver discharge
in the near future. In ON and NL, regions with unique
scographical and climatic characteristics, understanding
the intricate relationships between climatic indices and
river flow is imperative. The implcations extend to water
resource managment, as variations in fiver flow can
impact ccosystems, agrculture, and communitis. Adapt-
ing to these changes becomes crucial, emphasizing the
e for dynamic and reslent strategies n the face of
cvolving climatic patisns. The potental mecharism by

which these large scale osclltions impact rivr flow in
Canada include changes in precipitation patterns (Cai
el 2021), temperature anomalcs caused by teleson-
nection patterns (Wallae & Gutler, 1961, atmospheric
circulaion, and hydro-dimatc complexties associaed.
with individual watersheds (Bonsal & Shabbar. 2005).

4 | CONCLUSION
“The ability to suecessfully manage water resources rests
on successully monitoring river flow. River flow is
cssential in basin management, and a careful monitor-
ing program ensures adequate water and resources arc
provided. In this study, we have hghlighted the gradual
Gecrease in rver flow across the three stations within
the Humber Catchments (HRCoy and HRCyy)
between 1970 and 2020, Irrespective of their locale,
river low across these sations has declined post-19%0<
due 1o various factors such as land uscland cover,
water management and_practices, dam and bridge
construction sctvities, and external factors ke cli
matic indices. In light of the changing dimate, a
persstent reduction in iver flow will have s cascading
cifect on other aspects of the basin, affcting the.
provision of cssential ccosystem scrvices. Based on
the aforementioned and the signicant interdecadal
changes in power observed in this study, particularly
during the 197051980 and 1990s-2000, underscore.
the long-term variability in the system. Such fluctua-
tions may have implications for infrastructure planning,
a they could impact the reliabiity and sustainability of
water-related projects over extended periods.

Second, as pointed out in this study, an assessment
o the contributions and impact of larse scale climate.
oscllations on the river flow at the three locations
considered usingsensivity and_wavelet analysis
Showed the effee of these ossillations on the seasonal
ariation of river flows. Specifically, at the Humber
Station (HR Cyy), the corrlation of rontly river flow
with the WP index is pretty strong in December
However, an atiemp to deteet the possibiliy of impacts
or influence of these osellations on monthly river
discharge at the three stes reveals a monthly variation.
“The sensitiity analysis indings suggest that large scale
climate oscillations posc added risks 1o river flow
ariabilty at the three stations. This is cxpected to
align with the posibilty of changes in the eleconnes.
tion strengths due to climate change. We affimed that
stations within_Humber (HRCox) have a similar
direction of sensitivties to the largs-scale dimate.
oscillations, which diffrs from those along the coast
‘The observed inconsistency n the relationship between
the oscilaions and, for cxample, NAO st various
Locations sussests that the impacts of climate oscila-
tions may manifest differently in different regions. This
spatal variability underscores the importance of
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Iocalized studics and adaptive management strucgics
ailored to cach area’s specificclimatic and hydrological
conditions.
“Thind,diferent phases of climate oscltions are mre
Sinicant within the sublusis draining HR Con. Spocifi
cally, dimatc indices such as DMI, NAO, WP, and TNA
leave a more distnct imprint on the river flow patterms
within these subbasins than thoss along the cosst. Notably,

complexityof climatic inflwnces on ive flow and prompts
further inquiry nto thedyramics of thse relonships. As
such, there is  nead for sdditional studics to adequately
mndérstand the intrplay betveen larze scale osallations
and river fow across Canada. Expanding the scope
ncluds mors subbasins, ncompassing diverse geographi-
land dimatc contexts,will provide a holistc perspective
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