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Figure S1: Comparison between discharge measured at the study site and area—scaled and
predicted by VIC model.

Sediment mobility analysis

We calculated the local grain mobility by comparing the discharge-dependent cell shear stress, z,
predicted by the hydraulic numerical model, with the critical shear stress (z.;) for the i-th
sediment grain, such that d; is mobile when R i= 7/ 7. ;>1. The streambed extent with d; mobile is
then quantified by summing the cells with Ry, i>1. Grain size heterogeneity gives rise to
hiding/shielding effect, which reduces the mobility of small particles that are sheltered by large
grains from the flow, while the large particles result more mobile because they are more exposed

to the flow. To account for this mixed grain size effect, we estimated the dimensionless critical
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shear stress (r; ) for each grain diameter (d;) using the method of Andrews and Parker (1987)

for surface material:
\ d "
Te,i =0, (d_J (S1)

with dso the surface grain median diameter for a sediment patch of a cell, and 6. is the critical
dimensionless Shields stress of the median grain size on the bed surface with value 8. = 0.0455

and the exponent m = -0.9067. The critical shear stress for each grain diameter is then:
TC,i:T:,ig(ps_pw)di (82)

where g = 9.8 m-s, and ps and p,, are density of the sediment (2650 kg-m™) and of water (1000
kg-m®), respectively. We defined 8 grain sizes, one for sand and 7 for gravel with d= 0.001,
0.003, 0.006, 0.011, 0.023, 0.045, 0.064, and 0.091 m and we analyzed their mobility in each
cell. Figure S1a shows the fraction of streambed where each grain is potentially mobile with
ds0=0.04m, while Figure S2 shows the fraction of streambed where sand class (d=0.001 m) is
potentially mobile if the streambed was characterized by dsp with values 0.005, 0.01, 0.02, 0.03,
0.04, 0.05, 0.06 and 0.07m. The former graph shows that coarser grains are most likely not
mobile thus the streambed should likely maintain this morphology, while the latter that sand is

barely mobile at low flows.
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Figure S2: Fraction of streambed mobile (a) for different grain sizes at a spatially constant
ds0=0.04 m over different discharges and (b) for the sand class (d=0.001 m) at different

discharges for increasing size of the median grain size of the streambed dsy.



1.2

%, ]

X
l
’

- ' ’ ‘=

f; P

f J |

\

-
-,
h 2 T o
."...
-

! 5
! X.,
J

1 =#-Depth -m=Velocity

. r-----——-———x‘

o

D50

«26+Sand fraction

f | ! }
0 0.2 04

0.6

0.8
Depth [m], Velocity [m/s], Dg, [m], Sand Fraction

1.2

Figure S3: Habitat suitability indices (SI) for Chinook salmon spawning and rearing: A) velocity,
B) depth, C) substrate grain size (spawning only) and sand percentage (spawning only).
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Figure S4: Box-and-whiskers plot of rearing HHS and mean wetted area for far future (FF; 2051-
2090) A1B (left, brown hue whiskers), B1 (center, red hue whiskers) and Ensemble GCM (right,
blue hue whiskers) models. Box gradations represent the 25, 50 and 75" percentiles. Whisker

extents represent the maximum and minimum observed values.
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Table S1: Near Future (NF; 2011-2050) and Far Future (FF; 2051-2090) A1B discharge

statistics for each month at the Bear Valley Creek study site.
Climate Scenario A1B 2011-2050 (NF)

N
Mean

Std Error
Median
Std Dev
Variance
Kurtosis
Skewness
Range
Min

25 Perc
75 Perc
Max

N

Mean
Std Error
Median
Std Dev
Variance
Kurtosis
Skewness
Range
Min

25 Perc
75 Perc
Max

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
40 40 40 40 40 40 40 40 40 40 40 40
119 155 417 775 757 353 141 071 067 082 169 123
012 015 052 051 067 040 013 003 0.04 005 012 0.10
103 116 299 851 741 275 113 071 064 077 168 1.05
075 093 33 330 430 25 083 018 028 032 080 0.65
056 086 11.26 1086 1847 657 070 003 0.08 011 063 043
159 109 671 -128 082 105 952 132 -068 -051 -043 0.03
126 132 227 -033 08 130 257 054 056 042 055 0.96
3.05 360 16.71 10.84 19.14 996 472 091 099 122 308 229
039 055 131 162 114 092 045 036 026 026 049 044
058 080 175 484 456 166 089 061 044 060 107 0.69
162 184 561 1067 872 508 170 080 083 100 242 162
343 415 18.02 1246 20.28 10.88 517 127 126 148 357 273
Climate Scenario A1B 2051-2090 (FF)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
40 40 40 40 40 40 40 40 40 40 40 40
146 279 760 680 481 202 120 067 061 076 145 140
013 030 075 053 053 026 011 004 004 005 012 011
143 230 692 714 353 138 102 063 054 076 112 130
080 191 472 336 334 162 070 028 028 029 073 0.68
064 365 2225 1131 1117 262 049 008 0.08 009 053 0.46
-127 298 -038 -090 168 768 1580 8.02 -083 -0.28 -046 -0.44
031 155 066 023 133 271 343 227 057 028 074 0.38
247 883 1713 1194 1492 773 435 159 100 125 254 265
039 054 146 078 061 079 033 027 023 019 044 033
066 151 373 381 250 121 082 052 039 052 092 091
227 363 1068 891 660 236 133 072 082 095 181 183
286 937 1859 1272 1553 853 469 18 124 144 298 298

Table S2: Near Future (NF; 2011-2050) and Far Future (FF; 2051-2090) B1 discharge

statistics for each month at the Bear Valley Creek study site.
Climate Scenario B1 2011-2050 (NF)

n
Mean

Std Error
Median
Std Dev
Variance
Kurtosis
Skewness
Range
Min

25 Perc
75 Perc
Max

JAN  FEB  MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
40 40 40 40 40 40 40 40 40 40 40 40

111 150 406 746 720 328 134 070 072 089 163 1.18
012 015 052 050 065 038 013 003 005 005 012 0.10
103 112 289 842 690 243 104 068 067 084 159 0.99
076 095 336 319 416 246 082 018 030 035 076 0.64
058 0.90 11.29 1020 1733 6.04 067 003 009 012 058 041
218 179 734 -128 061 138 947 117 -0.77 -0.69 -0.57 0.08
149 147 236 -032 087 140 261 068 052 037 052 0.99
296  3.88 1693 1043 1766 958 459 090 102 126 292 226
032 049 1.27 154 106 093 045 036 029 029 048 042
0.50 0.78 173 449 416 149 088 059 048 063 1.00 0.67
145 172 542 10.17 839 483 159 081 093 110 227 1.54
3.28  4.37 18.20 1197 1872 1051 504 126 131 155 340 2.68
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n
Mean

Std Error
Median
Std Dev
Variance
Kurtosis
Skewness
Range
Min

25 Quiart
75 Quart
Max

Climate Scenario B1 2051-2090 (FF)

JAN  FEB  MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
40 40 40 40 40 40 40 40 40 40 40 40

132 262 718 654 451 18 116 066 066 082 141 1.35
012 029 069 051 048 023 013 004 005 005 011 0.10
132 218 654 701 338 129 099 061 059 081 112 1.25
075 18 438 321 306 148 082 028 030 031 072 0.65
056 341 1921 1031 936 220 068 008 009 010 052 042
-090 300 -071 -092 140 778 2435 730 077 -047 -025 -042
042 161 055 019 126 274 449 220 054 022 082 037
263 841 1549 1173 1352 701 536 1.56 108 124 262 247
035 0.50 133 073 056 073 033 026 023 021 042 032
067 15 352 370 244 109 077 051 042 058 090 0091
192 354 969 870 614 213 124 071 090 102 181 1.73
299 8091 16.82 12.46 1409 7.74 569 1.82 131 145 3.05 279

Table S3: Near Future (NF; 2011-2050) and Far Future (FF; 2051-2090) Ensemble Mean

discharge statistics for each month at the Bear Valley Creek study site.
Climate Scenario Ensemble Mean 2011-2050 (NF)

n
Mean

Std Error
Median
Std Dev
Variance
Kurtosis
Skewness
Range
Min

25 Perc
75 Perc
Max

n
Mean

Std Error
Median
Std Dev
Variance
Kurtosis
Skewness
Range
Min

25 Quiart
75 Quiart
Max

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
40 40 40 40 40 40 40 40 40 40 40 40
123 153 394 794 768 341 128 068 067 084 159 125
012 015 048 053 068 039 012 003 004 005 011 0.10
110 118 282 935 779 256 107 067 061 081 162 107
079 095 310 339 432 251 075 017 027 033 072 066
062 089 958 1152 1868 6.28 056 003 007 011 052 043
192 138 518 -133 028 176 881 133 -0.72 -063 -0.65 0.45
133 139 204 -030 075 144 248 069 057 037 043 1.04
321 371 1471 1086 17.75 1040 421 0.8 097 119 285 257
041 055 124 165 119 09 040 035 028 027 047 044
057 085 169 494 444 154 084 058 044 059 096 0.72
170 173 556 1082 897 460 149 077 087 105 222 159
361 426 1596 1250 1894 1136 4.61 120 124 146 332 3.01
Climate Scenario Ensemble Mean 2051-2090 (FF)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
40 40 40 40 40 40 40 40 40 40 40 40
151 2.75 7.13 6.89 4.85 1.96 1.14 0.64 0.61 0.78 1.39 1.47
013 030 069 053 053 024 012 004 004 005 011 011
145 202 650 715 355 135 0.9 061 055 074 1.08 142
084 189 438 334 334 151 073 027 028 031 070 0.68
071 357 1917 1116 1117 227 053 007 008 0.09 049 047
-1.21 254 -068 -094 157 6.63 2107 11.03 -060 -044 -0.25 -0.83
030 145 055 016 132 256 408 270 063 035 080 0.17
280 871 1534 1186 1482 6.90 471 160 103 122 252 237
042 057 135 08 062 084 032 027 023 020 044 035
073 154 349 415 266 118 079 050 038 054 088 1.02
225 378 925 915 650 227 127 069 081 097 174 187
322 928 1668 1268 1544 7.74 503 187 126 142 297 272
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Table S4: Historical discharge statistics for each month at the Bear Valley Creek study site.
Historical Hydrograph 1929-2010

Mea
Std
Med
Std
Vari
Kurt
Ske
Ran
Min
25
75
Max

JAN FEB MAR APR MAY JUN JUL AUG  SEP OCT NOV DEC
61 61 61 61 62 62 62 62 62 61 61 60
0.93 0.84 0.93 241 10.06  9.67 2.73 1.24 1.04 111 1.08 1.01
0.03 0.02 0.02 0.14 0.42 0.51 0.18 0.05 0.03 0.04 0.04 0.04
0.88 0.82 0.90 221 9.61 9.67 2.43 1.20 1.01 1.05 1.02 0.93
0.27 0.17 0.19 1.13 3.31 4.04 1.44 0.43 0.23 0.29 0.30 0.34
0.07 0.03 0.04 1.28 1096 16.31 2.08 0.18 0.05 0.08 0.09 0.11
16.79 7.61 8.03 9.46 -0.67 -0.76 1.28 1.26 111 2.81 2.64 10.74
3.35 2.00 2.35 2.35 0.42 0.08 1.14 0.83 0.49 1.29 1.35 2.81
1.83 111 1.10 7.13 13.78 1527 6.94 2.20 1.28 151 1.56 2.09
0.61 0.55 0.69 0.92 4.66 2.16 0.63 0.48 0.46 0.64 0.62 0.61
0.78 0.75 0.82 1.71 7.43 6.86 1.75 0.97 091 0.94 0.89 0.83
0.98 0.89 1.00 2.95 12.28 1256 3.37 1.42 1.15 1.27 1.20 1.06
2.44 1.66 1.79 8.05 18.44 1743 7.58 2.69 1.74 2.14 2.18 2.70
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