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Project aims & Study area s

= f— Reconstruction of high spring discharge of the Abitibi Plains since
the end of the Little Ice Age (1750 to present) and
~ h ’& y/\' projections of the potential climate change effects
Hudson Sea i

Harricana | 1 91 5—2022

Mattagami

Atlantic Ocean

500 1000
Location in North America
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Derive proxies from periodically flooded trees




FLOOD RING = more numerous and smaller earlywood vessels compared to normal tree rings
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Flood rings in black ash — Quantitative Analyses

FLOOD RING = more numerous and smaller earlywood vessels compared to normal tree rings
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Proxies of the total spring freshet amplitude

Year Harricana discharge (m®s™)
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How does vessel features track flood behaviors ?

Duration (Days)
100
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How does vessel features track flood behaviors 7 ————————

Y
A 200 - q Y ' y V1 — Obseved — RECI — REC2
e 4 | ! | ]
e e F=ogeass TR | TR | e e | s 3 e | Ty /\ RECONSTRUCTION
E A ‘ iy n “ NYAGIN A LA A /N MODEL CALIBRATION
5 VNV ™MAY «\v AMRUYVAEDAWALTAN
£ 100 - - ‘*
21 /SR o S LA \4/! ______ 43 trees (62 samples)
2 V
& A A A4 A =5 trees
1 1 1 1 1 1 L 1 L] ] L L ] ] I I 1 I I 1 1 2 —
1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 R adj — 685%
Clusters
B <
T . o1 (13yearsy " HATE MAXIMUM

, ® 2 (31 yearsy—— LATE LOW
:iggzggg’\»EARLv MINIMUM
)\>EARLY INTERMEDIATE

S
S

150

£
S
@
o
—
)
=
O
2
©
T
c
<
-
o
S
5]
-
o
@
>
o
@
vy
o)
O

Alexandre F. NOLIN (LTRR)

100 ,
. —
50 - : "~ | K-MEANS CLUSTERS OF
il DAILY OBSERVED
0 Aol , May i —_June _ | DISCHARGES
110 120 130 140 160 170 180

150
Julian days




Regional spring flood variability
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Reglonal sprlng flood variability

Alexandre F. NOLIN (LTRR)

F1

F2

F12

10 SITES , 993 CHRONOLOGIES
FROM 470 TREES (1701-2016)

FLOODED NATURAL REGULATED UNFLOODED
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Climate drivers of regional spring floods m——— — ————

SPRING FLOODING ASSOCIATED TO
SNOWY AND COLD WINTERS & RAINY AND LATE SPRINGS (break-up)
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Spring temperature reconstruction S T T — —
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Spring temperature reconstruction
MAR-APR HIGH DISCHARGE WARM & EARLY SPRINGS
MAY HIGH DISCHARGE COLD & LATE SPRINGS WITH LATE ICE BREAK-UP
AND PERSISTENT SNOWPACK (+RAIN)

NOAA RUTGERS
SNOW COVER
1966-2016

GRUN
RUNOFF
1902-2014
OBSERVED LAKE
DUPARQUET ICE BREAK-UP
r=-0.54, p < 0.001,
1968—2016
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INTRODUCTION CHAPTER | CHAPTER I CHAPTER Il CHAPTER IV CHAPTER YV CONCLUSION
RECONSTRUCTED MEAN SPRING AIR TEMPERATURE
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Long-term perspective on spring discharge variability s———

10-YR WINDOWS COMPARISON BETWEEN
RECONSTRUCTED, OBSERVED, AND PROJECTED
MEAN DISCHARGES OF THE UPPER HARRICANA RIVER

Optimistic scenario Pessimistic scenario

a) RCP45 RCP8.5
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~2751b) Il REC OBS -+ DEH22 -+ GAMM

Change
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1771-1780
1781-1790
1791-1800
1801-1810
1811-1820
1821-1830
1901-1910
1911-1920
1921-1930
1931-1940
1951-1960
1961-1970
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Long-term perspective on spring discharge variability s——
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Outcome

UNIQUE HISTORICAL REGIONAL PERSPECTIVE OF
(1) HIGH SPRING DISCHARGES AND (2) SPRING TEMPERATURES,
PROMISING APPLICATIONS FOR FLOOD RINGS,
A UPDATED BASIS TO UNDERSTAND THE MECHANISMS DRIVING LARGE-SCALE SPRING FLOODING

E RMetS

International Journal
of Climatology

? frontiers

DORUILUILSY:
Regional Studies

Feb 2021 Feb 2021 Oct 2021 Feb 2022 Jun 2023
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Characterize flood rings in multiple riparian species

RING-POROUS
TREE SPECIES

Shrunken earlywood vessels and anomalous Reduced earlywood vessel area and

disorganized parenchyma in Quercus lyrata
from the White River flood in 1927, USA.

Shrunken and extended earlywood vessels into
the latewood in Quercus macrocarpa from the

latewood with disrupted flame parenchyma and
little fiber in Quercus macrocarpa from the Red

River flood in 1826, Canada. Red River flood in unknown year, Canada.

Meko et al., 2019 - Physical Geography

Wertz et al., 2013 - Water Resources Research

St George, 2010 - Tree Rings and Natural Hazards

DIFFUSE-POROUS
TREE SPECIES

2.y
g

7
r

500 pm
Anomalous cell anatomy in Popudus tremulo

from the Ob River flood in 1979, Russia.

Reduced tree-ring growth in Solx olba from the
Density fluctuations in the growth ring formed Ob River flood in 1999 and 2002, Russia.
directly after flash flood wounding in Alnus
glutinosae from the Arroyo Cabrera torrent,

Spain.

Meko et of, 2020 - The Holocerse Meko et of, 2020 - The Holocene

Bollesteros etal, 2010 - Tree Physiology

Alexandre F. NOLIN (LTRR)

Reduced area and increased number of
earlywood vessels in Fraxinus nigra from the
Lake Duparquet flood in 1989, Canada.
modified from
Nolin et al., 2021b - Journal of Hydrology

Periodical 1angential bands of vessels (PTBV)
in Populus tremuloides from the Lake
Duparquet flood in 1979, Canada.

Tordif et ol, 2021 - Dendrochronologia



Characterize flood rings in multiple riparian species
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Develop a large-scale flood ring network s————————

BLACK ASH = ~300 yrs
NATURAL + REGULATED RIVERS
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Develop applications in flood-risk management : ———————

Flood frequencies OBSERVED vs RECONSTRUCTED HARRICANA
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cenbmer

Develop applications in flood-risk management : ———————
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+ Applications to flood depth and risks mapping m———————

Lichens Gommunity change ~ ~ — — " T~ A

Lichens limit

= 7 i —
® f=1/10"

=127 o mem om o o o =
Bryophytes limit ° Community 2
Community 1 ) )
Bryophytes community change ~ ~ ~ ~ 9 o— Stringer & Stringer (1974)
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+ Applications to flood depth and risks mapping m——————
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Reconstruct flood-water Origins -
FLOOD RING

Allen et al., 2019

— «— Water Isotopes — +

6780

Ferrio et al,, 2018 ; Rahman et al.,, 2022

SEASONNAL ORIGIN OF SOIL WATER USED BY TREES
Allen et al., 2019
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