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b) precipitation as daily snow depth (cm) and cumulative (black line bottom row) and daily (vertical blue
bars in bottom row) precipitation (mm). Water sample collection dates are indicated by oranggiled
points positioned along the cumulative precipitaion line (in lower panel). Climate normal (1992020)
data are included for comparison and the interquartile ranges (IQR) are identified as grelyaded ribbons
for all panels. The lighigrey shaded rectangle included in all panels identifies the icéree season (May I
October 1).
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the framework are reported inAppendix 2and the parameters are contained irTable A2.3. Water isotope

compositions of 63 ponds and four nesting wetlands in the SasKlewi Nesting Area in May, August and

September 2022 are superimposed on the isotope framework, and marginal histograms display the

I Rt gl R H 2Ho(RaBl&NRI4). h)FFequency histogram showing the distribution of isotopenferred
evaporation-to-inflow (E/I) ratios in May, August and Septemb&022 (TableA2.4). c) Isoscapes depicting

spatial visualization ofisotope-inferred E/I ratios in May, August and Septemb@022. The vertical dashed

black lines in panelb) and the contours in panelc) RT JUqRN! Waq6 | It § YGT WEof WI ¢ qRYH
gl YONRG! WGYtER dqIR A 11N BREfoGpRMIMHIOMIANED R U 13t WRUWaq6 DWRY Y He Gt b
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not contribute to the interpolated layer in September include SK27 and the four nesting wetlands and are

identified by white circles.
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[ RNz | LBakpldBPskdwing the distributions of values for 14 water chemistry variables in the

waterbodies sampled in the SassKlewi Nesting Area in 2022. Boxes are coloured according to fétio
defined groundwater connectivity categories. Water chemistry measuremnts are reported in TableA.6.

Figure 4.6. ¢ lRBrincipal components analysis (PCA) ordination plots illustrating associations among 14

water chemistry variables (with E/I ratio included passively) (left panel) and the distribution of sample

scores for the 63 ponds (circles) and four nesting wetlands {@monds) and river sites (light blue) sampled

in August (closed symbols) and September (open symbols) 2022 in the Saktewi Nesting Area along

axes 1 and 2 (62.7% total variation) (right panel) (sedso TableA2.8). Sample scores are coloucoded

according to E/lratio defined groundwater connectivity categories. Confidence ellipsoids (90%) are

shown for each category. Correlation coefficients for each variable are reported iffable A2.7. b)

Limnoscapes depicting spatial visualization of the PCA axis 1 score8.Y Uq Ye | WG ROt W UG 13t 13U
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Figure 4.8. Map showing geospatial visualization of the Vulnerability Index scores across Safdewi

Nesting Area (TableA2.9), with sampling sites (small black circles) and locations of the 39 active nests in

2022 (large, whitefilled circles around small black centers) superimposed. Contours identify areas

where E/I ratios are below 0.5 (blackdashed lines) based on August isotope compositions of

waterbodies. All nest locations were compiled by John Conkin, Mark Bidwell and Lori Parker. Atbggam

on the bottom right identifies the frequency distribution of the interpolated Vulnerability Index scores in

August 2022 at the 39 active nests, and the vertical black dashed line represents the mean (0.37)
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Site Mean (m) Initial (m) Minimum (m) Maximum (m)  Max. Change (cm} Lake-level Pattern® Drainage
C
2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 category
Peace sector
PAD 1 1.10 0.80 1.09 0.89 1.00 0.71 1.24 0.91 -9.45 -17.16 S D c
PAD 2 1.10 1.18 0.99 1.19 -19.02 D c
PAD 3 0.68 0.38 0.76 0.41 0.54 0.33 0.80 0.47 -22.56 -8.41 D ] c
PAD 4 0.64 0.44 0.71 0.54 0.50 0.33 0.78 0.55 -20.24 -21.03 D D c
PAD 5 1.14 0.88 1.19 0.96 1.03 0.81 1.20 1.00 -15.48 -14.81 D S c
PAD 6 1.16 0.86 1.16 0.90 1.04 0.77 1.29 0.95 -11.80 -13.05 S S c
PAD 8* 1.43 1.25 1.40 0.96 1.15 0.88 1.83 1.75 +64.13 +71.11 GR GR r
PAD 12 0.52 0.19 0.60 0.32 0.39 0.07 0.63 0.34 -21.43 -25.60 D D c
PAD 13 1.44 1.22 1.48 1.30 1.36 1.13 1.49 1.31 -11.46 -16.70 S D r
PAD 14* 1.32 1.45 1.24 1.48 -21.09 D r
PAD 15* 1.38 0.90 1.37 0.99 1.32 0.81 1.44 1.00 -5.48 -17.59 ] D c
PAD 16 0.38 0.43 0.28 0.48 -14.36 S r
PAD 17 1.72 0.39 1.74 0.46 1.67 0.30 1.76 0.47 -7.06 -15.61 ] D r
PAD50* 0.42 0.07 0.46 0.19 0.29 0 0.55 0.19 -16.61 -18.50 D D c
PAD 52 0.89 0.53 0.91 0.59 0.74 0.43 1.00 0.61 -17.04 -15.79 D D r
PAD 53 0.95 0.57 0.93 0.63 0.67 0.46 1.12 0.76 -25.88 -16.80 S D p
PAD 54* 3.64 1.88 3.54 1.85 3.54 1.84 3.71 1.92 -0.58 -0.46 S S r
PAD 57 0.93 0.63 1.02 0.78 0.79 0.50 1.03 0.79 -23.32 -27.55 D D c
PAD 58* 0.67 0.31 0.70 0.41 0.53 0.20 0.75 0.42 -17.04 -21.03 D D c
PAD 65 1.08 0.82 1.09 0.88 1.01 0.74 1.13 0.89 -7.77 -14.08 ] S
M15 1.12 0.61 1.15 0.67 1.05 0.54 1.17 0.69 -9.75 -13.78 S S
M16 0.92 1.00 0.84 1.02 -16.22 D
M17* 1.04 0.72 1.08 0.79 0.94 0.63 1.11 0.82 -13.72 -15.79 S D
M18* 1.37 1.11 1.45 1.19 1.28 1.01 1.45 1.21 -17.10 -18.32 D D
M19 1.09 0.71 1.13 0.77 1.00 0.63 1.15 0.80 -12.95 -14.33 S S
Athabasca sector
PAD 19* 1.06 1.00 1.21 1.06 0.91 0.89 1.21 1.09 -29.66 -17.53 D D c
PAD 20* 1.87 0.53 2.11 0.71 1.67 0.41 2.11 0.71 -43.56 -29.87 D D r
PAD 21* 0.61 0.71 0.49 0.72 -22.07 D r
PAD 22* 1.89 0.88 1.86 0.86 1.78 0.79 2.01 1.00 -7.40 -7.13 S S r
PAD 23* 2.05 1.20 2.18 1.27 1.91 1.09 2.19 1.28 -27.46 -17.74 D D r
PAD 24* 1.43 1.28 1.52 1.12 1.26 1.03 1.52 1.96 -25.66 +89.18 D SR r
PAD 25* 1.23 0.90 0.82 2.24 +138.53 SR )
PAD 26* 1.06 1.32 1.32 0.94 0.83 0.83 1.78 2.41 +88.42 +154.59 SR SR )
PAD 27* 1.28 1.27 1.21 1.42 -6.07 S r
PAD 30* 1.03 0.79 1.06 0.69 0.92 0.56 1.44 1.41 +45.48 +79.74 SR SR r
PAD 31* 1.17 1.23 1.22 1.01 1.03 0.90 1.81 2.12 +68.03 +117.10 SR SR r
PAD 32* 1.16 0.89 1.20 0.97 1.03 0.81 1.27 0.98 -17.10 -16.34 D D r
PAD 33* 1.22 1.13 1.62 0.40 0.70 0.33 2.13 2.52 +141.09 +179.83 SR SR r
PAD 36* 1.23 0.98 1.44 0.94 1.11 0.88 1.44 1.11 -33.56 -6.31 D S r
PAD 38* 0.99 1.35 1.26 0.90 0.50 0.64 1.41 2.24 +56.51 +140.79 SR SR )
PAD 39* 1.22 0.90 1.48 0.94 1.05 0.81 1.48 0.94 -43.16 -12.68 D S r
PAD 46* 1.47 1.33 1.79 0.89 1.21 0.81 1.79 2.13 +46.45 +121.71 SR SR )
M1 1.15 1.21 1.24 1.11 1.05 1.03 1.25 1.40 -19.17 +31.85 D SR
M2 1.28 1.31 1.20 1.34 -10.49 S
M3 0.63 0.71 0.54 0.72 -16.58 D
M4 0.61 0.37 0.69 0.48 0.51 0.29 0.69 0.50 -18.50 -19.23 D D
M5 1.21 1.22 1.19 1.20 1.17 1.10 1.24 1.50 -2.62 -9.45 S S
M6 0.60 0.41 0.66 0.46 0.50 0.30 0.72 0.53 -16.03 -15.48 D D
M7 1.06 1.06 1.26 0.86 0.92 0.72 1.34 1.63 +33.28 +84.52 SR SR
M8 1.01 0.76 0.89 0.87 0.88 0.65 1.45 0.94 +45.10 -22.07 GR D
M9 0.89 0.65 0.85 0.75 0.80 0.56 1.06 0.79 +19.57 -18.75 GR D
M10 1.30 0.63 1.53 0.81 1.03 0.45 1.60 1.05 +51.24 +39.56 GR GR
M11 0.77 0.63 0.70 0.71 0.68 0.57 0.84 0.71 -2.10 -14.36 S S
M12* 1.23 1.09 1.24 0.98 1.13 0.91 1.35 1.28 +16.49 +37.12 GR SR
M14* 1.30 1.30 1.55 1.11 1.14 1.01 1.80 1.75 +41.54 +69.16 GR SR
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25 A) Drawdown (215 cm) 2018 B) Drawdown (215 cm) 2019
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Category Lake Level Functions Former Drainage Categories (#)
Drawdown X X bl HAb a HIRTTOsT E] L€ LWE -closed (11)
-restricted (11)
-rainfall-influenced (1)
-uncategorized (9)
Stable X X bl Ab aHRITTOS E] L€ LIE -restricted (8)
-closed (5)
-rainfall-influenced (1)
-uncategorized (7)

Gradual Rise X X bl HAb a, #IR  ODN 1D EIE -restricted (1)
-uncategorized (5)
Sharp Rise X X bl Ab a #IR - QW 08 EJE -open (4)

-restricted (4)

-uncategorized (4)
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Lake-level pattern:
. Drawdown (>15 cm)

O suable
. Gradual Rise
. Sharp Rise

Flood indicators:
e Ice-jam Flooded Lake

Open-water Flood
Extent

Elevation (masl):
205 - 210

210-215

215-220

-225

-230
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YHA I I JUAHIWI 21 RUNWa6 WWGEt quoyw! el + o] R21IUWq ¢
GCe2WI+EFHEIIT T Wb JW=MNoWga6! 3t 6 YaT W e lciupeYowa ! wW
scqldl W YYT RURDWG ¢t WRUNI Whue WUqd! WI+FqlU0T UT WaVY Waé6
N6Rt WRUqUI Gl Dag¢ qRYUWRY WHYUt Rt qUaqWsRadé W Gedld
RUOj e dURDWYnW R21I1 Wj YYTscqll t WRUHGARDOPMEWDARY ULUN
MN®b FOWNG Wl WEYI T WeqWsdl W[ YI qut q¢ qRYUWcaOt YW 6
| R21J1 Wad 12 DEMNIMZOWE B0 ENGIQY JUAWGUCEt W R21IJ1 WG 1321301t |
RUWeE qWa et quz w! el + wt KO sIF WM W8 O ayisi B & ROt R0 L
qRORUNWYNWGUEt Ws ¢caqldl WaPW20We qUWEaTmIPNt jROqEnRY
Eerm6WGc! t T Wt et YUcOWeUT WeUUeclWqUGGYl caWzel R
AR21I WeUT Wetp ¥yHRE WIIR WYIBHRNSEGRNEqt W6 DWRAGY! q
nl Jhue JUR! WY NnWaé6 3t JWREGY ! q¢ Uaq WIKIIFRIE LD 1312 1T Uy H LK

Né¢ Ao MWFdeat@ W ¢ # @cadIYUEIm@ + YOWG W2 D0 Wb WY NWaq6 DWW qé ¢ HC
e2Net qWNTWGKWect 21 T WeqWabWsal W[ YI@URNeOOLURY @ Wila 6 ¢ § WU Hle
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Year Maximum level (m) Day of the Year Julian Day Number (JDN)
1982 215.22 12-Jul 193
1983 21417 29-Jul 210
1984 214.06 14-Jun 166
1985 214.74 05-Jul 186
1986 216.04 25-Jul 206
1987 213.85 09-Aug 221
1988 215.07 13-Jul 195
1989 215.09 10-Aug 222
1990 215.81 20-Jun 171
1991 214.36 17-Jun 168
1992 212.73 22-Jun 173
1993 212.86 31-Jul 212
1994 214.35 12-Jul 193
1995 214.94 17-Aug 229
1996 215.83 07-Jun 159
1997 217.39 01-Jul 182
1998 213.62 07-Jul 188
1999 214.37 15-Jul 196
2000 214.22 30-Jul 212
2001 214.82 01-Aug 213
2002 212.75 06-Jul 187
2003 214.45 29-Jun 180
2004 213.99 18-Jul 200
2005 213.37 01-Jun 152
2006 213.52 01-Jun 152
2007 213.93 13-Jun 164
2008 213.96 19-Jun 171
2009 214.09 16-Jul 197
2010 21253 22-Jun 173
2011 215.64 16-Jul 197
2012 215.54 01-Aug 214
2013 215.84 17-Jun 168
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Geodetic Level (m)

2184

2171

o]
o

2154

214

213

2124

2014 NA NA NA

2015 NA NA NA

2016 214.06 16-Jun 168

2017 214.97 17-Jun 168

2018 214.55 11-Jul 192

2019 215.45 05-Jul 186

. 3
Julian Day Number
150 (30-May)
°
° ° ° 170 (19-Jun)
[ ]
——————————————————————————————————————————————— R - -@--R019
* o0 I . 190 (9-Jul)
. .
"""""""" Y '";"""'.""""""""""""""""2“'8 210 (29-Jul)
e ® °
[ ] 3 ® PPy ®
® . 230 (17-Aug)
o
o® °
[ ]

Jedidilsidct b WYN W6 JHUqé §RUILAE WAIRKMWIE W WH
a | q ceNDRUNW q¢qRYUWBIf 2alWMT??2MNNb WN! YOG LW
cqllWbisziRcUW?¢! W 28 HUI bpslls @UIUUNIE &S WY niGE 6 LY Eete O WY GW
G§RUIY Wepdd aummeRYta Y| UT WGYRUqt WRUT RAC qU W6 WWGUEt Ws ¢ qldl
BIZNMOP WA b We U WEMNOWeZNPONWG b OW YqUWaoé e aql ¢ qc¢ Wel JWa R
YWn ®oOf G GAGRAcqRY UL IOnY!l OO YUORqYI RUDN
] R2IVWGI YTUHEQUT W IAEGRUIIGUNRORUD rzW 10 R1Z2 10dD £RLA B by BRI G0
NGcHRIDI+ WecUT Wt UYs GeHE WRUWq6 DWAYHE ! W~YaUqc ROt L
SMMT6WceNYUUUWqWUqWedOW=ZM=N6WNIUUcUqWedDw~1yuy
q6cHet AcWAR2 11 Wepdd quat LYHRERUD WY GG 6 VWA 2 W
HYGRUOUDWT T It OWf nwt YAWn! Yhe JUR! WY nWdet 3+ WRU W
TWHEI Wet WWe UT Wt 6RnaqlUqYWad IWht qc¢ A RDILLEY WILbeYS YU2RU af
| ¢cRUncadW aU0YowWeUTl WI2¢GY! ¢qR21IWs ¢ qldpriaclj +YHIWALY ¢
nl e JUAR! W7 3G qcé¢ Yt WeUOT W7 VYUt ¢caAW=M=EN6WxcaYUqen

31



YGIBW qJl Wt et YOWG!I YaYqRUNDWNI Weqll WI2¢GYlI ¢qR2IL
cUT W?2vYU¢cB6eDAWU=MMEI b AWIG et WWa W20 Wel JWIRE Ja! WqY
§UNYRUNWGAGYURqqY!I RUNWY nWdcect DWGW2060t WHcUWRUNYI G
cqRYUcOWAC!I t AWec WGI RYI Rq! WYNWaqdIWnIT@IEGW Haq
2t q¢ RUCHRORqQ! WY NWa6 W PBaqcékt WIHYE ! 1GojillidApLLITE & [1IR
D200 WaYURqVY!I RUNDWG ¢t WHRHYGLDWeUOWNoUARqR2IWGGce U !
Caqlllt 61T W G0 R pyUIH I8 LG LB dII0 dlrtl WOY G mle q Wwoowa ¢t 13t We
GHIUIl gqcWuift dcdWeUT WERUPYL ¢ AW= MNPAOGRU H | E 9 LWESVENMN T
sJWt 08¢l RADWq6 WU GHY! WYnWdaéet Wt WRUWWEHS WS !
TRWaYUt ql ¢cqPlW6Ys Wa6dt JWI ¢qe WHec UWHPD Wzt T WaqVY Wal
HYUT RqRY Ut We #=#1 Y+ W I¥ebarOUIN GERCNOI AW TP L6 R MG RIME d) 1J il 6
Ynll YsGJAII WY YYT RUNDWBYE 6¢1 GWI Rt JWdet Ut b WROW a6 1
bl 1 ¢sT YsUOWaet Ut b WRUW6 WWAILEHIW WHEqY! OWNS JWE GG
et It WRUWq@6 WA C HIDWLE ¢ItHIcGHY W RIG t o) L1 # @ & 6 Hf &y st 1913 0 W=
MNOALWs 6 REG LW 2NNt gt W ql UORUGEMGNURKRRY O RU KN OWY DI
Ge@2 Vo Wa YUORqY! RUNDWHIWWRUqUNI ¢qlT Ws Ragé WY aqdé 1l W6
Rt YaqYGUWal ¢HII+ We O W 136 YRyAJ UL 1ID0 cRaJRIAUIRIBRCHXEM | ! afidLL
JYYTRUNDAW OYsaWaqWwe OT WI2¢GY!l ¢eqRYUWYUWD et WWs ¢ q
HYlI | YAYI ¢cqUWaqé Wt GeqReaWU+FqlUqWYnwl R21IJI W YYT R
AJaqll t WqlWe O oA W= MENG IIMIVBR H KLU YOO AILRACRIT qill &Y1UIRIL Y 'n LW q ¢
b gl 3ONq6130WGaYURGaqY IdRRIADALLY SndLOIM ' Groe CGRIAN LA Td t213H 6 W ¢t LW q
Hécl crHqll RADWaq6WW2¢!l ! RUNDWRUY] e DURDWY nWSE! T1 YOYC
q6 1! WYGWI ¢ qllow] RO 12t oYReH RAI alliald ccUR m Il ¢ HRO Rq!
I BaYaqlWnl Wt 6s¢cqlll WicUlt #¢ Gt WRY WGYHH RAGIIAL 2 H(
SMMTb We Ul WE¢Et t cqrdé s ¢ UWAR2 11 W?2WJdq¢ Woi~¢Fpu RUUYU
I GURRIHIDRHCIGMWG! YHIIE L Ut WqYWHRYUOL RT JI W eH#GWEt Wab
Edc20Wx et JWYUWagsé 3WnY!l G131 oW

cCr

—_—

32



Lake-I I Patt
Peace Sector 2018 Peace Sector 2019 ale-icvel Fattern

- Drawdown
10 15
Stable
Gradual Rise
I I - Sharp Rise

I 8

Athabasca Sector 2018 Athabasca Sector 2019

[ RNz | IARABGGYH@ O Glc | RARUNDWqS IWIT Rt g IRFNZ iR E &) dilioy 15| L SLIDALL LYt 2 1D FHi
qbéc¢cHet Heb We UT W PDéEl WelZMNYAW=MN®b OWéE 2 3t WRT WUqRN! LWaq ¢

qWaqd WA ?2d9WsRIT GRnIJWeHaUl ¢URVAWIC ve ¢ qRAWG C ARG
| WNadGcaqlT WAH! We! T1 YOGYNRHCOWGI YHRHIJL T Ut WadcaqlAceat |
Rt We WrRzadagqel ¢da! WRAGY! q¢ Uqle UT WhA R & au¥cUAJek RIT aGHUORHT
DHYOGYNRACOGWRUqUNI Ra! WYnWt 6¢caGdYsWict It WRUWa6 W
~2ttl ¢cquweHaUOTl ¢cURPDWE et WARRUOW 6 Ys Ulen@WE dld 1GY W00 108 I
Ct Wad 3! W ¥a! wyOw21Inué aqgRY DA 2)d I0s RIER 6t ID I & EUR l2 ID @ IR
200t Rq! WYnWaet t1l ¢cqWéYet It WRUAI et I WH! Was YWY
MNOWe UT Wt GYsa! Wi IRGRUDT Wi el ROUNDW 2 At Wz 130 q Wi |
¢ 0 HOA LKSEMNYWBGAU? 1J 0 Wl Rt WWHe et W1 WH! WRUGe qWYnlWageal HR
Hicl Ra! aWeYURWUql ¢cqRYUt WYNnWT Rttt YO2UT WUe ql RIUG
G6! qYGicUt qYUWec Ul WaeHl YG6! qldt Weaqlit et YUCOWaREC
[GYYT RUNDUWgl6c@GERIAAIcRHII LY n WG ¢ ¢ WWGE 2130+ WRY Wi Rt Ja! L
2¢l REHOGUY WagéecUWj YYT RUNWa6CcaqlAceat 34 WNI¢T 2c¢dWl R
GecUT AWINET + WaqYWERNEWI WEYUHWBUq! ¢ qRY U WY nguROYzUsll R 1J
Ynwt Yacecl Wl ¢T REqRYUW qYW g6 WWHYqaqYaGWYnWt 6¢GdYs

33



Co

CHI YGG6! qt AWGS! qYGhac Ut qYUWeUT W6 ORI WRYUt 2 G
q6 Wt qc HG LI We UT Wil ¢sT Ys UWRCIBUNYRRG VW MgLRYE & = UY iUl
D21I3dt W20 0qecdda! W Kt edagqt WRUWGYHY WYNWIiRagaqVY!l ¢ al
eHOWCEY Ws ROGYs Ws 6RAGWREGIT It WG YARGRq! WYnwacl Nl
SMNObL QB GEH RY 0 WIALEN CR cldolRy UdIR We H#1 Y4+ Waqdé WWA 2 Wt 2«
R21J1 + Rq! WYn W he¢qRALWEABAY bR SAGIRIINUIILRS GURG ¢ IGTIIRIE  1JT |
RURAI D¢t U WG YGYI qRYUY WY nwWwac¢t Ut WRUWqS LW 1 ¢351 Y5 (
RUWgq6IJWNI ¢cT ecaWll Rt WeUT W ¢ GRT WI Rt DWHE GPODYIWR I
2¢l ReqRYUAWHRY 2 Gu 1T HBUR &Ry 6l &6 IDHIID & Y & 8 IR & dlim IRI0d b 2 Hq e
¢t Ut AWRY WRAGGY!I q¢ UqWagYWRUNY!I GWEHY2 quWYUNYRUNLWWIG
ql DOT+ We U7 WYq6 I W ql Wt+ Y1+t 1O

[

—t—

—_—(

[

34



SO WARIN I BURIDY

7¢!l UllqgaqaWwN AMML qillddidhe IR4IHDFHI? OAW= MMP IOWAY qUqR¢ G WRG Gé H
¢ 2¢RO¢HR ARG RIIR Ul T (i o ETICRSHEHO MIDLIOLL
6aqaqGt aool YRIOYI DoWMIONMOYoUc¢ aqeal IMANTMN

700 q¢ Yt AWE OW= MNIY ¢0llU) Y3 Yule RO Bl e il didR Bt 95 sl adlla Ryec Bo0s Ya | U¢ O 1O
9 R2 R OE [mPrAULF IBLE G0 Gt ao ol YR MEMITIDINGIIONNO do #T HIJ

700qc¢c Yt AWERAW? YUt ¢GAWT7 IOW=M=ZNKOWIGRGE¢cqUWHEcUNIIWRG GE Ha
REMJIC G W) YYT RUNDMLS kidlé B HA L #BIYaHc! AQAENIRYT Gt HBDEE # R IU H 1D 10¢ U T
NY>ZalWNMOZT®OWE qaGt aool YRIOYI DoNMIONMNZ o THORYGT | WNRY

7YUt cOAW7 OAAWAL U + AW?2 IOx KKAWEWINGWURWDEt AW KAWAR21IJI ¢ A
cHI Yttt WwoceUceT coaclliocd ceChg 150918 X LIRMURLG DK & FOb ¢l HOMIA 18 6 6 IWa UT LU~
x BaawUew] Y21 UGUU0qWYn W9 ¢ctOEI=ECORILE g Rl s HE WELO qell RY A W=
qaqGt aoossstOUlI He UIONHIORE ot RalJt o g5 = KW 1JR oG FoID 9 19F8cAo 3 (O |
96¢c G@WIBICINIIt FU[I Wt Es¢caqlll 2¢cPillc HRGRq! HI Yt 9¢Uc¢T ¢ K

7Y #6611 t+ dllc KO IOW=MN®OWG! ¢ HO ¢ a WAIE FHigtREB 10 WRJIZ 1GHIR REAE T HDE HO
qaqGt ao@h XTIUMAOYI Node At ¢ NI Gl ¢ AHGC

71 YHEt AWEKR7IOAW YO nWAW7 IO7 IOAWET s ¢ T+ AWNKI HO? IOW= MMT IOLWL9 6 ¢
Get Wt WRUWq6 WWEG e 2 DWAR2 11 W2 Wdqcé¢ AWl HgRES I digE A iHaiRR
i GR U 1J IO O GIAMKIIING a q Al MION I Y RFOOMB@I> L 2 7 A§ 9 u é = IOMHIO9 § ¢

9611 UYt AW~toAW~cH?2YUcOl AWAIOs oA WG W6 A~ 0 FOAW9 1 ¢ RNAL
NicHRUDI WHYUq! RA2 qRY Ut WY W ql ¢ 09 ¢YGURRICUIG) 1IXUdpldd GQ | LU
At Ye | #1I0®s ¥ aMe@Ems q aq Gt aool YRIOYI Do NMIONMY Mo MT MNN T

AN AW O~ IAWEGS ¢ | GALW~ 0s PW=MMT IROWARIHRWDIUqWHRGE ¢ UNIIt WRUOLWN
9¢U¢T RcUW9 VUL R & §OY In EDPD M FFEFRNA@ILLY 1 !
6qqGt aool YRIOYI Do NMIOOKNMMBKOo NTZTPIMNMTTYZYTNTNM

[ Wl Net AW9IOEAWT7 I YYtt AlWls tOAOAWu cenG ¢ UUAWAKAIALWe I GRS !
SM=IMOOWx ¢t WWs ¢ qJl Wa W20+ We UT Wet t YRREGqWI WE! T 1 YOGYNR
sYel UcaOYntoqé 30 G 11 RAc UIDE é1 @ HAKMIOIMY 2 | HIJt 1O ++ YHRREC q
6aqaqGt aool YR DY WHIMERWNNO NTP =

] YOaUGe Ul AW] OALWI RAEL 6 ¢ 0 ALlc FOW= MN N HOLW?st Yoeldit Ulee iU ML HeRl ajdd alLRit ¢
EYnqlil b [E-PE@EIK Gaoos 55 0Tt qédgt YnqloYl Ro2MMo RMOo

cYYT AdW] O LW=M=MIOW #H#AWH + RUNDWe UT WG YARGRARUNDWBU WS wlll ¢ q
YU WpaRe qRA WG ¢ G G ¢ 0t HOWxaed) Talbdsh NNRHGY LLI @0 AHAKDIO O d Mo i ¢ UT o

ceNYUUUqAWALAW~H ¢HHAAWAAW7 W1 q6 RUI AWERAW~JI0Y2UYt AWw7
22ttt cROGcUqaAaWf Ut AWz 2 U0AW[ OAWuee HAW HOW=M=ZNOW HHI

aqs U@gdat qwH IXUopizldd FAIIDE B GH aool YRIOY I gD EMOMEAMOY ot MNP Y X

ftOcOAWILAWENUNt ¢ AW~ LW=MNPOW?2 I2X30YGaGWNUqWYnW GHIUI q¢ U
Ynwoce¢UcecT ReUWEYHRUq! Wn YD (e Re R]I IILE 101N R K P YORWIDILLISIGHEII 1 b
6qaqGt aool YRIOYI Do NMIGUDNMMo A] IOSIONIONY=ZMOP =Y T

uc! All~Ox AW Rt e Ul Alls O AW el ! Allx Hou toaWw7 1 Ys UAWu OA W]
i3t WUADI NAWu Alle ¢ 00 ApIARDAIESERIYYIE i 1056 LA HO7YHOLY TINRNAES HOLLLARR ¢ U

35


https://doi.org/10.1038/nature04141
https://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/energy/Climate-change/pdf/CCCR-Chapter6-ChangesInFreshwaterAvailabilityAcrossCanada.pdf
https://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/energy/Climate-change/pdf/CCCR-Chapter6-ChangesInFreshwaterAvailabilityAcrossCanada.pdf
https://cran.r-project.org/package=pracma
https://doi.org/10.3189/172756407782871710
https://doi.org/10.1111/1752-1688.12817
http://www.jstatsoft.org/v40/i03/
https://doi.org/10.3390/land9100345
https://doi.org/10.1038/s41586-021-03436-z
https://doi.org/10.13140/RG.2.1.1824.5287

YnlWaqé DWW qécHet AecW?UdqcecWn9¢UcT ¢ b WRUBIUIZRID Y @il & 1o 1K
At el #6109 YOl a IRNW Y AMGH W o T Y R IO D NMIONMYIYDHR P NP

cGYUqenUuaws AoAWs ¢t It AW~ HAWEGRq6 Alls HO? IOW= MZ NIOWY9 Y e G
YT WaRUNWqY Wt qRAOCqUIWRHDWT ¢ O Uy MEE Aot Bl 06 o dlRIE (i
HORGE qUAIMGE WADIRY Ut OEARRIDUAIIOE OT IONIHSEUY T YN! atof UOA

6qaqGt aool YRIOYI DoNMIONMN®o TIOHYOT I DNRYUt O=ZM=ZNIONMOOY

x

~¢cHURUOUYUAW7IO? IOAWEE NRUqce! D2AWIGKKAWT ce A6 Al OAWx RUT 130
' T1 YGYNDRAcTOWRYUUURqR2Rq! WYUWs RUqUWI WiRaUYGYN! WRU
2130 qcostliEeu ke Utos Ye | Uc¢ G HOY n O] R IMEOISINRNPURIOIUM 1O hue ¢ q RHAIOE F
6qaqGt aool YRIOYE MRMAMKINOPoHThEt

Rt Rt Us W9l WUW[ RIt qW ¢qRYUWb~9[ b HRW=MNMOWOWAIqRqRYULlqY
RUHAHG2t RYOWYnUWi YYT W720c¢ciYW ¢qRYUcOWAe! t wWYULWqg6 IWa R
6aqaqGt aooHGEst UCHIOYI Ros GAYUqUWUgqoea GiYéelt o=MNYo MOo ~
X ZPERWDHIDGHDI x YOUE MNMOGT n

l

YI q6WEct tcqré s cUWI ¢cqll + 60T W GORCURBALIDERG BGEIE MNIT K
AUt cliqt OWE2@EE @ld® 19 Bl6 daLYs (Ed@E (Hit@Fec @B YEE T+ op= MNT o Mdo NIJt
7ol (plaR2 DGt x [KOW  x OGT n

AldecHE6c AHet He W?2 Ddqc¢ WAL YT 1JH qtl]al6¥aHE W EAA LP?AJ GbatoLLINAGD TYQ KOLEAmI L
| JGY! quwe UT We GGUUT RAVY AWéYaaGDWNalWc! T 1 YOGYNR#ACOG W U
RU2 13t qRN¢ o Rivelct HOWAHXCLERAI G q ¢ WAL YTUHRqW] | YAG@HW? I8 q ¢ W G
] Y2131 Ua0U0qt WYnW GHWDI q¢c AWEect t ¢cqAH6 s ¢ UWeUT W9c¢UET ¢ 1o

Ac21D0t t! AWNIO~IOAWE G Rq 6 A LWx K9 OW= MMY HOWA 13 {p Yol X ¢13 Ur cRUDPILLYaine
9cUc]OYodI6! + RAC G IOAIDP L6l Y B &6KaKaNGH GENHCHOLY R FOY | Do NKHDN M= do =

AlDqll + AW? Ox DAWAT Yst DAWNK? DAWARIDql YURI YAdqW ¢aRdLx #E&EH O q 1J
2P0 q¢ AWUY | qed!dl | UVLOYe NUR H 8 IMBELANI OYYFANLIPIVIDLD
6aqaqGt aool YRIOYI BAINMIONMMZ 06! GIOZIN=ZM

Aldql + gw?ox oaW RUIGe UUALWU O OAWE T 130 0! A HA ¢ALLG IM= aN BOLUA R a R @
30T RUDY WYNWUIAEYH ! 1 alda dihG IO REG HOR O IDHN B G & 12 16 YIRIOI Y R q 6 |
§HI DI 2¢ qRN WG 0 @R KDL &R GIokio oI YRIKOY | NAHNIMIOOO®Mo | + NON

ARWUq!l YURI YAW WAWAI Y5t JAWNK? OAWALD a1 + ALW? Ox HOWN & b d oLlc !
et RUNM&a GHRc O W ¢ qlidRgIUILLY 0¥ K B 1 NSO AL RISHIDHIILIL) 1
6aqaqGt aool YRIOYI NpNMPNN®WD@N K& 9 adNEHHE TRKYOPOOMDI§%6 =

Al Yst DAWNK? IOAW? DG 2 qdb A~ O HOUNdg & & Fed H & LD LRt @ SaRlT & € I
AR2 11t xI0A 1Dt V¢ | HE DHIPFETHE a1 dJdiqY RIOY 1 D@ NMIONMMZ o bl Ef O f
NZMOZbNOPIMT b NBARRGTMEIRKORBMAO 1§ D =

Al Y51t 13AWNKO? 0 Wx ¢ @ ¥ g 1J 10 94 & DR &y RWgIEly b Wy W0 R # @audl 10 Yo
STANVMB MGt aool YRIOYI Do NMIO=NZ>0oUSIONDPI IOMM= N

Al Yst DAWNK? IOAW9 YU T ! AW FO~ IOWN P d Y FOWE § 1JH q BT el UG i R R &) d RS thl
cwOY!l q6 11 U WiYIddYdRIEEINE KHAINPHGH@LE aool YRIOYI Dp NMIONMM= o
NMYPBLIN®GO®YMY o Mdb NE a MM o DN KNCRINDD & & =f ?

Al Yst 3AWNO? IOA WY Y U ! F W[YHO-YHOLRIANIM MiOULH & Ovd R GLIYIS Wé W0 € 10 08 d kol
tue ¢ qRAIERY L |+ q )0 KEIGENIBHOHGIGE hlo oA IYHRYCGYID IN!Io NMIONIM= Oo0 a N

36


https://doi.org/10.1016/j.coldregions.2021.103383
https://cpawsnab.org/wpcontent/uploads/2018/03/Mikisew_Petition_respecting_UNESCO_Site_256_-_December_8_2014.pdf
https://cpawsnab.org/wpcontent/uploads/2018/03/Mikisew_Petition_respecting_UNESCO_Site_256_-_December_8_2014.pdf
https://www.nswa.ab.ca/wp-content/uploads/2017/09/Technical-Bulletin-Lake-Levels_FINAL.pdf
https://www.nswa.ab.ca/wp-content/uploads/2017/09/Technical-Bulletin-Lake-Levels_FINAL.pdf
https://doi.org/10.1029/2008GL033268
https://doi.org/10.1002/hyp.6420
https://doi.org/10.3390/rs13163219
https://doi.org/10.1002/(SICI)1099-1085(199911)13:16%3c2483::AID-HYP934%3e3.0.CO;2-9
https://doi.org/10.1002/(SICI)1099-1646(199607)12:4/5%3c447::AID-RRR404%3e3.0.CO;2-Y
https://doi.org/10.1002/(SICI)1099-1646(199607)12:4/5%3c447::AID-RRR404%3e3.0.CO;2-Y
https://doi.org/10.2166/nh.1996.0021
https://doi.org/10.1002/(SICI)1099-1085(199808/09)12:10/11%3c1589::AID-HYP683%3e3.0.CO;2-G
https://doi.org/10.1002/(SICI)1099-1085(199808/09)12:10/11%3c1589::AID-HYP683%3e3.0.CO;2-G
https://doi.org/10.1023/A:1011483504849

Al Yst DAWNIO? IOAW7 Wi qe Y AWERAW] ¢1 T U aws toNoaWw] RAY YU AWs
IAWAYGYaYAW AWNY qé AW7 OW= MMS FOS GIRINEGqIFR IR SLd YO UIoFELILY L

T 1 YOGYN! WodlgéBu&pB! + qib FULROTVRIOBI q6 131 OWAR21JI
fURqQREUQR2 NIDW I Uqc¢ 0O~ Y UR diNYN GRAMNDRAcROLD O ++ 13t + G Uq
6qaqGt aool YRIOY IiDM@INEEGIIMMT ot NMX N

ADGa AW AAWU GG qAW Oc AW YanIJALW? 07 HOA We ¢ G G A WA Hof 1oL
Gcet Ut WRUdI 6 BHARN&ERLW? J0 q ¢ Wxopld! O LIACKBX LR G2ON Moy v tkde T 10
§HIJ¢c UY M GodBu!N RINGYAMDAG! aool YRIOYI NOWM MIONMMZo G UYIONMT Y T

AJGaul AW AW ¢l ! Alx Ou oA Wu ¢ ! A W~XOx IR YV TFc IIGALH 7L 7niQiiLdct
HedeURIDE We HI Y+ We Wl ! Oc¢ o ERERRY IYd)E 1m0 Le 7 FKlR 6 Ndd [SIRIEOX 1D
NMOME@FWGAE! aool YRIOWP OD NMIGAMYYDNTMOY

ADGal AW AoAallgs #¢ AWNKAW el ! Allx Ou toaWi Rt de UT dlls O 1OA
D+ qUUT WeUT waeNURgel WY NnW R2I1 W YYT RUNWaYWGet 134 We
ql ¢ Rl TH KU Y N R H OINA | pARIEDREDET a ool YRIOY I NIOINMIONMM=Z 0 6! GK

AWwWo Yl YWNIW¢ G IOW=MNoWAaW WiecUNzenWIWe U7 WIU2RI YUGUWUqlnY
EqcqRt qRAC W9 Y G Ge qRA &dEIE R @R IVETARBOHOYd INRE AWOA x W
E¢ce#rHd! Upld?HOseHH LFAlE O~ IOA WX 2 Haf € U ALK BDR DA RIE KB P IONIx Mg B J W
bl GHNI q¢c¢ AW9 ¢ UcT ¢ b Wet Waé6 1JWAE o BIIWT RAINH B0 m ¥Oq 18 VIR dliq R
HecT 10! IOYNIERRIUAIIL HOY n ON K B 500N RGUFNTFORER q lJt OY n 0 G 11

6qaqGt aool YRIOYI Do NMIONIMTOo GU¢t IONPM®T=ZINNZ

ERS6RUI G AW? 0 todW? YU¢e6e AW O W=MMz oW UWRGGUUT RUNLWSs
AL YHIDUT RUNt OYNIOq6 1O ¢ qRYUcCTIO HAET DG! IOMD DR HRALA It 1O
T = NME N&Ea@UGt aool YRIOYI Do NMIONIMT Oo GU¢t IOMXI MNP X YNMO

Eql ¢t ¢cAWsOAoaw UqYRUOWAW OAW71 e UYAWAALWY ¢ G GHIJG G A LW? HOA
]I ¢! AWAUI OAWf | s RUAWERAWU RUT YGGAWALAWx ¢T Ye #HIJe | ALWA
~¢HOROGOcUAWELAW~c | HIJGO AW D HAHIE K06 WA & Wiy KA WY O A alk A a
eyl enWel AW~10AWI 6 Rt URNIIALW] AW RIqAIUALWX OW= MNY oL
J YVYT wlOWNWJGGY!I ¢ P W WEY2131 ! WYn Wi g6 & dHaq e iR O BoR |
T Nbl = yZHIFENNGE aool YRIOYI NDAOGUMIONTNMNOMo ¢ | HqRHMNT N

NJUOUecUqawotoaw~u30Y¥aUYt AW7 IOW=MNOKW] ¢ HRIWII WA ¢ UNIWIWYn Waq
N & KM MYl U ¢ G HOY Il K0} & & PR YARILEI Gt a ool YRIOYI Do NMKIONY ®o =M

N6 YI GUAW IOWN®Y X OWAN2RIs WY NnWa6 JWiRaqI ¢qel JWeUT WaRY HIJ
RUWq6 DWANDEHIW qdécHet AcW?2I0qcec AWLGE! qRHAz2G¢ ! G! Ws Raé W
EGRaqSAW YI qés5 3t qWNII T RqY! RIJt OWI YYT W720c¢cdvYW ¢qRYU

NRGYUIJ! AWu HOA KOS LLEE AVANFOGOLLHNGS LWALADIG ¢HAJWLG Y | gl ¢ RqWY nwe Wi ! U¢ & R
OUR21It Rq! WYnW GHWI q¢ WAI Dttt AWET aYUqYUAW oAUl gq¢aW

NRGYUI! AWu OAWARD Ul + YOALW] AW ¢ N1 IpFeUiARGAYIN THR @ Ml Y w4 Wid 604 |

qéc¢cHcet HeW?2Waaqcéalll2RT 10 R o R ¢ HIOE R @Y @RBIIENO HR G 0 ¢ q
6qaqGt aool YRIOYI Do NMIONIM=0Oo0o aNMMPO®MMONODM

NYUT 2 AlWls IO~ IOEOAWNz 1 UIJI Alu KOl OAWT YO nlJALW7 K07 oA Wc ¢ @ O A WA 1of
scqldl WRY YqYGUWql ¢ #IJI+ Wa VW 132 130 ME&Wddud @ 'c TolR¥EANIBR # ¢
GYURqY!I RUNDWGI YNNI ¢l R & Wiile (RAY eagr@puol] hi ¢ toE ¥ L Reg W WRUN e
P &bl NMIOWE qqa Gt ao ol YiRIOFEPHAINOPIONTIP To NOPOY

37


https://doi.org/10.1007/s10661-005-9080-x
https://doi.org/10.1002/lno.10787
https://doi.org/10.1088/1748-9326/abb267
https://doi.org/10.1002/hyp.13585
https://www.r-project.org/
https://doi.org/10.1073/pnas.1509726112
https://doi.org/10.1073/pnas.0601568103
https://doi.org/10.14430/arctic4714
https://doi.org/10.3189/2013JoG12J135
https://doi.org/10.1023/A:1005394031390

NB! | e Alls AWARNq! YURI YAW WW=MMPIOWNYs ¢l T+ WYGIH ¢qRYUCE
Het T Wa DAOG R ) KOE W E &2 R IONabTCHSNIOLL
6aqaqGt aool YRIOYI DoNMKOINMNZ o T Ol t IJKO= MMP IOMO IOMN =

écUURURAWALAWéE ¢ UURURAW KWW=MNPOWNSDWI+6¢cet qrRYUWY n W Y
D+ GUI RIUARDY We B 0@ 10ic IR dJR £ 1B0AHIA R 1J N OA GEMMOLW Ra ¢ qR 2 1
6qaqGt aool YRIOYI Do NMHKMIREPo RI hul O MN®IONZ IOOK=TY

¢RI DRIAWSs O OAW~1IJt + RIJI ALW[ OWc ¢ AR q ¢ q Wt 2 Ra ¢ AKRYiaRIqU dURKOYIN 1O
UYYOEMOb =ik R OFOT q q AN MIION N N FRBAVHEORHON ¢pd T HOq HM=Z T T ® O 1O

i RAt 6¢ 0 AWc IOAW=MNZ IOWNNGH Y q=aWE{TIJ@AIU GiE]NILE GG RIDHY LW YOLLL? ¢
qaqGt aooNNGHIOY=ZOqRT ! 2131 + JKOYI N

icl TAWE~OAW] YI DO RHAL AWE O~ IOW=MNY OW? 1 ! RUP WIE1¢ A 19 HRIETLLI H
200 qc APGAURITYUAEI Uqe 0 OB OH NE b &660F @ia @Oty R FOYpl Do N MION N
®O=3 o d@h MIJH

icl TAWE~AW '+ YURAWuOAW] YI DO RAL AWE O~ IOAIE R2N0WR | | RUNR
ScARqc qWT NI ¢T ¢qRYUWRYUq! YOW DOBRENSEE qRBAGON G ¢ 0 WG
DENDB@@PEt aool YRIOY | MAINMIONMM=Z 0o JHYIIO=NZI @

ic9of 09 KWW=MNTRWANecHqR2IWIYURqYI RUDWAGRtt RYUWqVY Wi YYI
| JGY! qAW~¢ | ASW=MNTIOWOURqUT W ¢qRYUt WET eRc¢qRYUc T AW
¢ opagllj Gaoos 6 HIKO2 Ut AYKOYI WolJUol YR2GUJUqt oNPZY®O

i Rt aUT AWlstO OAWc ¢ Gt AWAKOf HOAWI YO nIJALW?7 HO7 OW=MN=HOWNRG 13t H
Yn a6 1pLUspdIecArdd HE W2 Ddqc AWOYERT B UK O MO EI®HRIW9 ¢ Uc T ¢ 1ol
6qaqGt aool YRIOYI DoNMIONMMZoJRYIO=Z=Z3 10

P YOnuaw7pkor ioAYe @ A EIOx oA Weée ¢ T ! AWERAAW] ¢ R Y U4 W~ K0? HOA L
HORGCEC qUWEUT W R21I1 Wy YYT RONWY U Waq 6 1IJtlda!6T1e A 19 #% ALV MG 1d] & v
9¢Uc¢T ¢ a WTEOAIDUENTmMd@ U ¢ | HHOAAINNITETOH 6
6aqqGt aool YRIOYI DoNMIKRIMNZ o TH! hul 13t FO=Z MMP IOMP IOMMN

P YOnuaw7pkorioAYe @ A WEIoA We ¢ 0 0 AWAOf OAWET s ¢ T+ AWNKI HO? 0A WE |
x1J¢ 2RaaqAWAOAOAWEE | T ! AWEAIOW=MMTIOW9 Get t RIAHC qRYU WY
AP RIS C HECt He W?2 Ddqc¢ AW ¢ Ucld RN ¥ &Ml Wikg G 1 WRE dI¥ n Wt q ¢
H6 130 Rd !qll 1! YALLY N R A AINKA | (NEIIDMHNGt a 0 o T Y RIOY | IBGIN MIONMMZ 0 6! C

P YOnUuAW7O70AWc c o AWAKF KAWET s ¢l T+ AWNKI 0?2 10AWéEe | T ! AUWEO
~H] Ys¢cUAWERLAWxX Ve 2 RagaqAWACA0AWZ ¢ UW? 1 RIJG A WAKW=E MMY HOLW:
200 qec AW ¢ U¢cT ¢ AllqYWHGE ¢ UNIIE WR VB RIgHIEHWEY § MBAGMIYIDHG RG ¢
NONMY¥ PGt aool YRIOY IKOllo NMIONMM=Z 0o IJH Y ION O

i YOnUuAW7O70AWccdd AWAf AW Rt e Ul Alls KO HOSILuGE WAL FOUOLW =
EU2RI YUG U ¢ AMENVRRAGIGH a o o1 Y R K@M [Na DMIONN O ® o 1J

i YYT W7e0c¢caYW ¢cqRYUCOWAE! t Weli 7 Ab OW=MN®OW YI Gl Wec I Raq
¢ apagiltf Gt a 0 0 5 5 5 FOAIREHONIRNOFRS CYoVd UrbeGUBOG Yo RUn Yo ¢ #qRY U

38


https://doi.org/10.1016/j.rse.2005.03.012
https://doi.org/10.1525/irqr.2019.12.3.278
https://ggplot2.tidyverse.org/
https://doi.org/10.1088/1748-9326/aaf0ec
https://doi.org/10.1088/1748-9326/aaf0ec
https://doi.org/10.1002/eco.2169
http://whc.unesco.org/en/documents/156893
https://doi.org/10.1016/j.yqres.2005.05.001
https://doi.org/10.1002/hyp.6229
https://doi.org/10.1002/eco.13
https://doi.org/10.1139/er-2019-0047
https://www.pc.gc.ca/en/pn-np/nt/woodbuffalo/info/action

96c¢c Gal s Min BRIC WG ! T | YAGYNRACOTGAWs ¢ qll WHSGIJGRY aql ! L
Gl YNI ¢ G WR Ul é &) AIAIE & L? 10 q ¢ Wl 9 qupld T & WH AN Y RIERYO I R U 1 LLLN
b 6¢h0Ys Wacet 13t

SRqcRE¥EUA AWX DU KAWAILIG G AW OAIOAWE s #¢ AWNIOs HOA W] |
falcUaW OAWcc¢cadAWA OWe UT Wi YanALW? K7 oW =M= Nk HOI
HYUqc GRUc Uqt W 13t ¢ | 6qUdGEl AYEr | 7 cUPRIIILGmoS LI LA IIH ¢l 116 5 L q)
GYURqVYI RUDW VYnlW + &0@RY YO 15@ o dilt @ELACLIZ BTN IYHILU

6 qa@to I WRHDNINED®! gVM FON

OWNWf Uql YT eH#qRYU

EQUNHqR2UIWNI Ut 6s5c¢cqlldl WRHERYH ! qUGWaYURqY!I RUNDWGI Y
NUOWJI ecqlWT ¢cqelWlagqYWeaUOT WIt qeUT WagsWWgRAERUNAWG e NL
GY qlUqR ¢ THRIGCY2l t X IR R U @lldy SccomRIR R LN GYH 1L 1212 TR ErOREETY 9 LW
HiIRpEmAU NI WeT ¢ Gage qRYUWe UT WaGRqRNeqRYUWGHEec UURUN
GYGRHA! WCUOT WGcUecNWGWUqWRUqUI 2 00qRYUL WelAld 131 WIq
cRNNRUt WUqWEe b OSWE MRIFOE 0 DWING LR BHIRRIG qR3 AHc oG ! WI
COGRNUNT Ws R6WGI RYI RqRIJt WYnWt q¢et ¥éeyYal DI+ AW=Zs W
Jt GYUt R2IUDAWRUNYI G¢cqR21JW2¢lI REHTO Wt WeEqllée GGl YGI R
MMT 6 W x Y2uB oo 6 MIR GTFAAU G ¢! I We UT Wx Rt WUt AW =MNMG6
TR DORUDW qYW qd613t JW Gl RUARRGG I W PDheRI It Wel 2¢
RUJ e DUBRUNDWWEYt !t quaWt ql edgel JWecUl WneUrRqRYUL
N0 ¢qT Wnl Y aYW el A3t gXlcU ot iaiid GURIRY @ ! WT ¢ q ¢ We Hhue
HYUt qRge qt We UWRAGGY!I q¢UqWnYea Ul ¢ qRY U WRayILKOE GG Y |
nl Ut 6scaqlldl WIRYH ! qUGWaGYURqY!I RUDWGI YNI ¢ Gt Weix RY
x Rt 13U+ ALW= MNYISWII diN¢e & WOE IdE ME Mb 1O

q Waq 6 IplLefdIE fddt He W? Db agec WetA 2?26 WUYI q 60N AdUE LOAE Gt FELD
i Jgqac Ul WYnWwf UqWl OcqRYUcaWf GaGY!l q¢eURDWe UT Wal ¢T F
bl q6¢cHet ACW96RGWs! ¢cUW[ RIt qW ¢qRYUWb 9 YIbcllll ~ Rt
96 RG5! ¢ UL~ ij q R AL dJRNIUIWDE [Un-Y | dlHJ o W HqR2 I WE hue ¢ qRH
GYUNRWARRWOWI JAYNRURAWUT WelA ?2A] AWUNSPTOG6 WA 2f 9AWNS®Y

39



q6 JWA 2 WAI YTUHqW] pred QRud R #oR] Ye0g WAUWAI2R4 B UG WU qc¢ O
AJcHIDWAR2 I W) Ys Wl UNetd¢qRYUWHA! Waé6 Wi O to9pow7 130U
qll WA YURqqY! RUNWGI YNI ¢ G WaVY WYHgE¢ RU Wbs6URGH LWV nt LdogsC
G!'TI YOGYNRAWeUT WHRYGYNRHAC G WG YHIIE+ 3 wWe Ul WqVY WG
¢cUT Wl Rt RYUWAG ¢t RUNwWBIA ?2A] AWUNPTZ6 WGE NIJWNMZb O
JU2RI YUOGUUqeaWwl et t 3ttt GU0qt WAUDRG BRGNP O 61 BRI HIG
qlll O Ul RiGIgd ¢t WG YORqY! RUNDWGH YNNI ¢awWscet W Wae RO
Y20l Wehe cqREWIHYH ! qa W NI ¢T ¢qRYUWLIIJON DA WAL Vs
MMZ 6 WEHRSGRUT G131 We U7 WEG Y O A WIMMIOHIWE #16 RIRIOFID 2 9 LLIFLM
LYl TRJT Wi esT YsUOUWYnWaet JwWweUl Wl R21J1 Wseqldl Wal
| N2 ¢qRYUWYnWAWNeHWIWAR2 1! Wj YsWe UT WHGRGCE qlI Wb
Adqll + WqWeé dAW= MM A Al iaYe Y IALLIE dVILN G 8H HDISE LME M 0 FL5E LM b
NRGYUI! WqWedOAW=MN®6Wx caYUqenUUWUaqll¢ GOAW=M=1
DEYE ! quUaGt WA! WHYUqec GRUcUqWUAa Rt RYUY WniI Y& We Gt ql
¢cUT Wx WWAW=MM®6 LWEHAIE Ryl 100U ¢ S LHEANINENVANLDCA W= MN &6 WE 2 ¢ Ut
nYl G¢cad! WGHDqRaqRYUWUT WadcecqWd EE9SWRUL HI RAWWI YVYT |
AT YL OGT Weclll RgeNUWfUW?2¢UNUI kAWRUWGE! qWHPAc21t W
hg§eaqt qc BRRUNBIGWEc G2 It Kk WY N Wad6 JWA 2?2kt WE hue ¢ qRALWII
RVt WsRq6RUWI 7 AbAWc Ul WGl Y2RUARcGW e UT WnI3T I
CHqR2RqRIUt We UT WRIRGcqUWRERScUNIWYUW: 7 Awe Ul Wqd 1J
MNM6 IDEe MIWNS JWGUqRqRYUWRUt qRNeqT WRU21Jt qRNE q
bli cOb WYNWO EE9§AWFf UqUl UcqRYU¢c o WOURYUWNY! W9 YU
Ynw 9¢U¢lT ¢l blic9o0f 09 AW =ZMNT6W fE9QAW =ZMNYG6 LW 7
aqaqGt aoos dHIK2 Ut #YIOY | D 86 R & B LadRaAIZPY ail 13V Hi2 G IR R q
i7 AWl AqRYUWAGecUWERAGWT We qWRAGGI Y2RUNWWIU2RI YOG
Ynwf UIT RNDUJOYet Wl RNSat 6 YGT DI+ Weli 7 AAW=ZMN®b HOW §
BRUQWNI ¢qdT WA 2 WAt 14 1¢H dlH Al YIH YIlRIaF Yl LRACEIILE Gil ¢ YgIR
A 2Wc 0T WNRIUWI ¢ qlWRUN Yok 1019 djdr ¢y U dlioy 160 & 16 WdR Wi éh &1 Wk 110 & @ g

40


https://whc.unesco.org/en/list/256/documents/

Weli 7 AAWZMN®6WGENWIWPTL AWI DRI ¢ qRUNDLWa
Q6 IWIC! ! WN®T Mt 10

>
N
>
E ©
T F
C\
E

g sites

Locations of

monitorin
1§
I\

U N

Monitoring sites:
@ Lakes

A Rivers
Waterbodies

[ waNP boundary

Elevation (masl)

I <210

Lake |0 210-215
Athabasca 215 - 220

220 - 225
[ 225-230
[ > 230

58"4;5'0"N

58‘3?’0'N

15 20 Kilometers

z
o I T Y |
e T . 1
2 112°00"W 11°00"W
WBNP,
British Columb?:"hwes' Territories
berta Saskatchewa
Peace River Watershed p
* . s
Athabasca River.
atershed
N
A ‘ Hydroelectric dams
0 50 100 150 200 y " :
Litili |Kilometers Oil Sands project boundaries

[ RNDz2 | IBINOIONIKDG ¢ GLUt 6 Yst WG Y i coppRoYAEH LY ALLIP dpdi g 1el A3 RiyIs RU W q 6 1J
q6cH¢ct HEWAR2II Wseqldl + 63T+ WeUT Wi YYT W7a20c¢ciYW ¢qRYUcCaL
YOWq6 WWANDEeHIWAR2 I Wet YGRT WHG ¢ H#E WIT Ré & ROTHEMMEYIPRIYIRG LD

41



Ys Ul W q6¢cHcEt HEWAR2 Wl &a qaV it B GOt | ¢ )M AGAILRAI G 1! Wb ?
CGUt 6Yst WiYHEqRYUY WYN W6 WWE MWG et It Wt YORT WHG ¢ At WHR
el RUNDWEM=WNP ¢ UT W aqé 1w T Woaqeékt W a2 ¢ qRYUIOLW ~¢
qaGt aooHC qc¢ G VYNa IJOWIHIONHIOHCE o NI # W EpAIEE YWOIT & 1DIC ¥ & G RIshIMIILATY Y T
RD®t YieqRYUWT RNDRacOGW WaW2¢ qRE WL YT #H101Wer: MEI 60H dlod drc
caqcot@EBIIURVC | R6HRIGD mIGH o NIIY NI ¢RABN Yol qhiYCGHYRM &I aRMHHIC + 1J

CaBIl YN BME 205 cpg¥oe U160 POl o = MY W scaqldl t 61T W HY 2
qaqGt aooVYGUUIORE Uc T ¢ IO ¢ ;I=iPuie iad @oR X @it ®ig> RPAUINIE MTYHIT LW q 6 1
YeUT ¢l ! WeT el twnl WUYUs AWW? ~Nf WEGE qR¢ O Wf URIOWLZM=ZOb Wn Y

OOy Ul —COy Oy —¢Co X

NSWWIel NIUW RAIMAS Y I SMMMIBEHE G LWHEY OGO I+ Rige! FARUEIGT WL ¢ F
Get 0t Wetd Y qWel DWRUeHHDY  RAGWWH! WHYCqWY! Wl YeT b
Jt q¢c HORt 6RUNWe Wt 2t q¢ RUWT W YURqY!I RUNWGI YNI ¢ G W
NI ¢T RUDUA AUYlis [OBENGILIAUE Y2 6 131 Ul a6 ¢ fH dIta HRAIH LG Hita RIZ2 IR
cqWaé W qbéc¢cHet ACWAR21I1 kt Wl GRUzt Alis 6131 D¢t Wadbl
HUT I YAt WRUOGRIJI + WGI Y2RT WWNI ¢ qidé dudqYLE)Y Vicid @ R F ol d
q61 Ya N6 Wad 1JLWIT aldiayke cturhd WA RBySIIWE UT WRat W Rt ql RA2 q¢
~¢cO0¢csRWOI Wt AW[ G WqHEG1II W9 6¢UUNIbL WaqYW~c¢cGé¢s RWx ¢t
ADcHUWAR2II W2REWaqd6 W9 610U OWIT It WAz¢cql DW[Mal AS1J
NEWWANEHIJWAR2 I Wy Yst WU¢ct qscecl T WeadaYUNWq6 W 10 q ¢
RUOj enURDWGecROG! WAH! W WNedc¢cqRUNWq6 W ¢ qlWYnwyYeaq
2RI WAqUWANEHUWAR2 I WRUJ Y s WYWHASYE IRi2 LD EERHDP RE g 6 s A 1
scqlll WaK200t WIdW2¢qlWt e RARWIUqG! WaVY Wl 32131+ 13LWJ
T Wiqgqc WelA9 ¥ &5l EMIEMMMG WNRG Y U 13T 8 (A N B &OE D YR & MR RO
YAzl WRUWaq6WW qbc¢ HCEt # a8 dIGogIoIE G Y= Wad dJiap L Hi QAL
qYWOWa Wl WUIGs Wel YWeHaUT ¢UqecHI Y WAYq6 W DRqY!
HYUOUWUBEqQR2Rq! WaqVYWaqd Wl R2 I1H § e & 1 o Hqiad @il UekkH; 0 1 iduld
TIT¢cRUECNUW A B4 AUMNOTIDOWBBRGIOAW NGO D, AW ¢ TaqdYe D
cqaql RAHz q¢ HI D W YWRU] e UqR¢caWE! T 1 YOY RBZ IO ILGH R &HIDI
F I RIDY We 1J¢ D6 1H IGqpuoIleRk LWE #MB N WG ¢ tdd U I RFow ©R 1 101J all
Get It 6WARWV! YURI YWUqWeEOGOAWNPDPL Ws RSWs et 1JI L
220001 ¢cHOWWqYWI2¢GYl ¢cqR21IWI I ¢s5T YsUWeUT We qb VYt G
YGIRMOT Wl o |cARAmUWT ¢t It Wel Wa Yt quwz2ead U0l ¢ HG I Wa Y Wj
b AN + W qWeE 0 IOAWEMMI ¢ 6 Wu ¢! WIIallé O HOA LUIED N = NEaopddEOILES 1 |

42


http://osip.alberta.ca/library/Dataset/Details/671

FWT I3 ®#1 RADT WA! W~ ¢ & T 13 gUIUTNILbHIN Cge HbEEaMIENY USRI YO TRRINIL
Gl YRl ¢Gt W6c20WYGUI ¢cqlT WRUWq6 WA 2Wt RUARUW=MMY
GYHecqRYUL W DO UHqH WHY eV 4 we O lweié Wi U 2RITWY UG 131
Fenywe gAY We U7 Wet JWYnWal ¢T RgRYUcaWae UT + we 01 Wy
NI D¢ q! WARRNSqt b WYNWaqdWWOYUt qRagz qRYUWl HWN®DYZK
e GUORUNDWI WGEqR21IIG! We H#E K CRRATCIIUN LRIEE L | Jdy S@] LEEIRRRLIG I
CHtt PHE T Wet GUH WYnWaGet JWa! T 1 Yayn! we OlcsmBOAY G Y I
MMTHG6 W] RAt YOWWqWE GHOAW=MNP6 WO YUUY! WWql¢ G HOA W= M
JalWe 0 oALW=M=MA W= M= I Ui dy WORIGY @ IRGPORIGID TYIDG ¢ M6 ¢+ L
nYl Wacect It Wt GEUURUNDWaa6 WWnea G0 WM IqadiaR 1aURAALLNMIE G 1211 [13Y)
caqlWagd Wl YadecqR2J0! WRU¢ HADE T RAGUWWGU! HEIJT Waet 13t L
Q6 lWnY!l Unl YUqWY WEHY O #1610 Wh YVINWE v g & WAH! We aqld
I UDRAOAWVAWRIRGC qUWHRScUNWIAWe UT We qb VYt G6 IJENRMRBUE 1JG Yt
Al Yst dwe OT w9 YUG! ALUNPDPY 6 W~9[ AW=ZMNMNOG6 W E9QAWZMNY |

NYLWeTT 1 1Jtpd Wb ROWIVGMms JWIG AC dIAET WY Ua X E WA G t YR Z
SMIEPMENWqYWGI Y2RT WWq6 W WnYaUl ¢cqRYUWNY! WeHERWI2R
NSWJWl Ut Wel #6WRU2Y02 101 Widg UdEad da R & Lwa NI GolXEciR M SN Y
scqldl AWt YT RGVUqWe UT WHRY q¢ We qW= MWG ¢t It Waqd ¢ qlle! |
NI ¢1T RIJU q W Y YUCHLA W & IR0 ¢ N 1J Hale (RaJRIqelXidid WREGY! q¢ Uq Wh
Get 3t AWa YORqqY! U7 WRUWs RUq I win Vel quiccH eRET ae ROAILIRAT LlBf ¢
97 ~t WeUT Wi 7 AduWs Il WWRUAG2T T WqYWIUsec URDIWIIUNEDN
¢cUT Wt q¢ tINé VIalwlagéksT YO YRR WWGGaY! T WRUWaq6 IWGI
NERUWVT WT el RUNWGI RYI Wt GEqRedGWt el 23+ WYnWs¢aqlll
tel 3HRcGW WI RAGVUqUWnY!l WHYUqU+qa ¢ RARGKWWGEGE 6 IV G R
q6 Wl PBd¢cqR2IWI YOIt WYnWARecHIUDWAR2 I W] Ys Wl INaidcq
T UOgqcekt WG #EIT WG ¢t LR OHID LY G & kI 1L N & VUM T LOSTH ILLILE MRIE:
CGGURIUT WG Us 6131 DWW JONOALWT YO nJWJIagWe i IOAW=MMT ¢ 6 |
T Wge ROt WY UWgé IW] WUGEE B SHIS HilHay SOIALE oJelIN! AdEt LWhIXYW WGY G
DHEY ! qUGt WHAH! Wl ¢GRT G! WU+Ge Ul RUNWYRGWY ¢UT + Wi 17

43



scqlll t 6T WetulJGa! WgqWe dIOAW=MMe6 W] Y+ DGRUOWWDqWe
CTTI Ut WHEI RgRAc O WI! W2RWst WYnWaYURqY!I RUNDWGI YNI ¢
] Y DGRUWIqWE G HOAW=MNM6 W? RG G Y U LI ¢ lildt i koSt ti BN N N 5 EDL]
YnwOcqel caWHEpYUHWUql ¢cqRYUt WYNUW 2 At qec URIIY WY n WHEY (
QYW gl aROVWaS I WIFqUlUqwyYnwe#YUqe GRUcqRYUWA! WY
q6Rt WiRGRqeqRYUWHY 2 OT WHWWEUITd R W UILL ML alBn Y LO[T1YTs IR
T2REYI ! WACUNOWeI?2YsT It 51300 WJqLWE G HOAW=MNMb Wa Y WIJ
cUT WeGaceUT Waet 3t WRULUH oRSH U2 A AR 1 /=Y UL A 3343 100IRI0G LLIJH Y L
b eH qe URDE WYnWHRYUHDI UlilY ¢ GEWR BHILBR g idp ¢ 2 RALWS D G
Het DGRUWY Ws I DWgéUWet UT WqYWheecUqgRN! W6 3WIUI
FeUTHWT W200YGGWUqWRUWY ql ¢ qRNI ¢GERAWRUqUI 2¢ it
i Rtde Ul WWqWe o LAW=MNZHAW=ZMNNb IO

cll yAWs ywt ' Uqé 13t RADWTE ! WH2RT WURVDWYHAHqcEcRUWT Wnl Y
bis¢aqlldl WRt YqYGUWHYGGY RgRYUWlA13G G131 W Id qliGan s KA LW =
2¢l ReqRYUW b 1Jd0!I61H Gaélisd@HOS LlGEMZIIINH G IJG R gl ! W GUCH
HYURDUq! ¢ RYBIHOLRERGRT WA Jq ¢ 0 bl GIGNR T RS KRt LWL B & & €
D¢ dAW=ZMEIM6 WEC¢ 2 ¢ NIJ U IIICU dLDl KA LWDE M FH6 dOEeh S ik @i o
Ge HIiRH¢c qRYUt DEFRIGE ATIWR ViR D &I WEY | qlJT F1 B ia2UE & HI WY
I 1J¢ | + EAVENGNRLN Y We W RUNG & Wd NIGHILH YT & 16dt04d (LU 06 10dLn) HoL
MENWgqYWHCEGagel JWecWGUI RYT WYnWNI Weaqldl W6! T1 YRGR
el q6 Nl WW2c¢ctdecqlWt WOt RgR2Rq! WY nWaqdWWaWlgqé YT Y
Jt GYUT W qYWHEcUNUt WRPOUWERPENWU BUGS ¥ 1 OUWSW o 31 1L
DYl YOYNRHECE O UOABS AL Rgp RECO@H 1IDHEE (RADCe d adlLIR UT RE I WIT 2 |
el + EVENNMNBFIWAGRT T G1IJWH G2NN Y S)HEIE &16 10E Wh B G oNIT K LW! 1J
q61 Ye N&GLHEHINIMNSADILEYRBEWAON I WO gs Y1 ¢ W Yt JWagYWaqd JW6 R
B2 11 YRSGU! {HIDGROGIOAWE MBOe 6 JWE OYs alJT NIIWNe RUJT W
H6c¢UNWH WeUT WGI YACHGUWHCEz2t Ut AWwWe U7 WGI Y2RT DWI U#H
GYURqVY!I RUNDWGI YRl ¢ WeqWaqé WA ?2dWs 6 REAG LW I 210WE
CGGURNUT WeqWYd@dwIEgGIGHYEWIRAId + #¢ GIIt Ws 6131 Wt 6¢

- R

Co

44



GedqRGGUW gl Bt YIHOW[eal g6 Wl Wge¢Rat WYULWa6 1WAl
cUca!t Wt awle Wl RAcoWeUca! + Wt bWeUOT WGcet JWs ¢qldl L
HYOGGYt RqRYUA WS |GG EHOE MG IIR AURIUNLUT ¢ g ¢ We Ahue R JT W
Gl YIZ2IRL RUOW EaGGulWaWlUqgel ! W W ~¢ agldglaic G L
6aqaqGt aooHl Ut AFRIJUHIIG2 HIORY G 0olDGlI RUqoé[ ] E] ou? i=:

7-year research phase

|; sampling led by university researchers { }- sampling led by Parks Canada—|

2015 2017 2019 2021

2016 2018 2020

water isotope surveys
i

Remmer et al. (2020a)

!
Remmer et al. (2020b) —Imran et al. (2024)—]

depth loggers

= Neary et al. (2021) <
water chcmistry surveys f—

lake surface sediment @—————wup
|— Oweca et al. (2020) —

Hydrology

periphyton @————p
|- Savage et al. (2021) o

Water Chemistry

Contaminants

[ RNDe | WYOHOI@aa ¢ G W ReNI ¢GWRGGO2t ql ¢qRUNWSs 6130 WEMIAINLIR 1J0 Y
cUT W8 WWRUANGqRYUWY nWaeTY! WWUWI N WGl YTUHqt IOW9 YaVYel L
scqlll WARSWARt ql ' WeUT WRYUqec G RUCHMG W EAIEE R GWERIT NIW o B3 ¢ WARAILLL
RT WUqR3 T 1O

oKz | Yayn!

c! T I YOGYNRHCOGWG! YHIL L It Wel DWs PWaddwt UYsUOWqY W+
GcRUq¢ RUWLINHEYE !t qua Wt ql efqgel WWeUTl WneURqRYUWbIC
RU#AGal RUNDWCE qllgé WA 2?2 WelJONKOAWA 2 A] A UWNRTAQBALEIAIT qUD |
DalWe 0 IOAW=M=M¢c b IOWNG2t Alls JWeT 2YHRHECqUWagsécqé! T1 Y
nYl GWaqslWnYa Ul ¢qRYOWYNWRUqUINI ¢ §¢IH OGP I0RIQ VIR
G!'TI YOGYNRACOWG!I YRt Ut WGY qUqR & EURWE IR LG ep LA
HYU213! U] WRUWENe ¢ qRYULWBINGb a W

AORGOQHadE BOg kg Frd "Ya YQO © EAWbING

45



a) Hydrometric data
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PCA Axis 2 (16.0%)
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a) Water Balance Index
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b) Water Chemistry Index
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Pagel ! W RAjEGH LHBIAG YOI ¢ G6 WY n Wadé IWa ¢ UT + AStudybitde withind U WA ! LWs
the SassKlewi Nesting Area include 63 ponds (blacfilled circles), four rivers (open whitecircles) and
four wetlands with active nests (black diamonds). Site selection criteria are provided in Tabd2.1. Panel
a)alsoshY s 1 W6 JWs 6 YYGRUNDWHI ¢ UKkt Wt qRG ¢ qdblowhdbtiedliheR UnN Wi ¢ U
and the location of Pine Point Mine. The elevation basemap included in par&) was retrieved from an
| #] f EXWYUGRUDWGRAL ¢ ! W Hihd Hedidckligedlolyl dathsetl B (paheb wpR Y U LI N 1J 1 |
moadified from Okulitch (2006), Okulitch and Fallas (2007) and Prior et al. (2018)d the surficial geology
basemap in paneld) was modified from NRCan (2016).
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