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Outline

Motivation

Different methods of river prediction

— Climate Forcing Model
e i.e. Hamlet & Lettenmaier, 2001

— River Characterization Model
e i.e. Syvitski et al. 2003

Assumptions for each model
Strengths and Weaknesses of each model
Synthesis
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Climate Forcing Model
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Sample Conclusions

For the Columbia River Basin
in 2045, based on two Global
Climate Models:

* Higher winter streamflow
(+50%)

*Reduced March 1 snowpack
(-65% to -80%)
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*Reduced Spring and Summer
streamflow (-10%)
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Figure 7. Mean monthly hydrographs for the nine basins for the baseline and climate model
simulations in 2040-2049.




River Characterization Model

Table I Draivage propertes of 46 Arcric and sub-Arctic rivers derived from the darabaszes of Binda et al (1986), Milliman &
Swwvirski (1992, with revisions from Bobrovitskaya et al. 1994, 1907), Gordeew (2000) and Syvitski et al. (20000

River Receiving  Area' H® MeanT® o o' Pred QPO O-PO Pred. Obs. Po-d
orean Em?) (m) (°C) (w¥s) (gm®) &e¥) &z ki) kgt OO OE 0
Soush (Can) Atl a0 1025 -13 1 1.350 2 § 2 1 1.87 017
Middle (Can) Atl 110 865 -13 2 1.100 2 5 1 1 1.82 017 1 C ll l -
Morth (Can) Atl 180 1060 -13 4 1.180 4 10 3 2 193 017
Ekalngad Fjord (Can) At 330 1060 -13 7 1.180 ] 13 4 3 188 017 " 0 eCt a arge rlver
5t Jean (Can) At 5600 200 1 1100 0.010 g 47 16 5 213 0.19
Murray (Can) Arct., S620 1686 -3 451 0182 &7 104 77 174 231 270 018 database
Homathko (Can) Pac. 5700 3804 2 253 0.540 136 3zl B® 527 179 240 017
Crdei B (Can) Atl G130 212 0 7 0.075 5 5 5 4 167 160 017
Elinaklini (Can) Pac. G300 3E00 2 330 0.480 158 178 82 566 277 0.18
M Gaskatchewsan (Can) Atl 11009 2212 -2 154 0821 139 218 146 128 400 240 017
Fomaine (Can) Atl 14000 450 0 5 9 17 103
Arcric Fad (Can) ATct. 18600 2452 -2 752 0182 4352 131 222 237 260 280 0B
Stikine (Can) Pac. 18800 1808 4 578 0286 171 211 B2 253 141 260 0.1
Muskwa (Can) Arct. 20300 2512 0 452 1.520 687 361 21 384 130 240 0.1
Abitibi (Can) Atl 24000 430 -3 1880 0.003 4 2 20 48 195 0.20
Eymijoki (Fin) Atl 37240 g0 3 288 0.020 5 3 3 2 1.56 0.18
Skeena (Can) Pac. 42000 2400 = 218 0380 340 435 174 574 262 270 019
Colville (US) Arct. 0000 4800 -17 482 0.380 180 1487 269 il4 0.18
Attzwapiskat (Can)  Ad 0100 430 -1 626 0.010 ] 40 35 21 102 0.18
Cuega (Fus) Arct. 37000 147 -4 500 0.018 10 2 ] 4 1.75 0.18
Moose (Can) Atl 60000 400 0 TED 0.020 13 9 22 27 .00 0.18
Madym (Fus) Arct. 64000 550 -a 570 0.022 13 11 26 2 183 0.18
Wottaway (Can) Atl 63500 400 3 1130 0.030 32 41 27 38 .00 0.19
Alazeya (Fus) ATct. 62000 214 -14 280 0.080 22 124 36 12 232 0.18
Peal (Can) Arct. TOG00 2362 -4 1482 0.886 1337 G610 400 327 168 2.60 020
Mdazen (Fns) Arct. TE000 Q00 -10 b 1] 0.032 29 57 56 21 109 0.19
Euskokwim (LT5) Pac. 20500 3700 -7 1283 0.200 254 1277 434 388 108 012
Anabar (Fus) Arct. 100000 534 -14 530 0.024 13 78 12 ] 118 0.18
Pyr (Rus) ATct. 112000 168 -3 1080 0.018 12 15 8 3 1.87 0.19
Taz (Fus) Arct. 130000 312 -9 1400 0.021 il 43 17 10 109 0.20
Pyasina (Fns) Arct. 181000 1100 -14 2730 0.040 108 311 75 65 145 0.22
Olanjok (Fous) Arct. 210000 942 -14 1140 0031 35 78 71 28 142 0.1g
Yana (Fus) Arct. 220000 2369 -19 206 0.100 a5 1082 162 51 183 0.19
Pechora (Fous) Arct. 250000 1103 - 3367 0.080 193 166 201 187 143 0.23
Liard (Can) Arct. 175000 2742 -2 4302 0.600 2580 1506 1233 837 285 280 0.25
Peace (Can) ATct. 203000 3702 1 2507 0.987 2363 2438 &850 2526 301 2460 022
Indigirka (Fus) Arct. 305000 2682 -14 171D 0280 444 1533 34 147 180 0.20
M. Dvina (Fus) Arct.  33T000 300 -6 3470 0.035 120 50 73 22 103 0.23
Kolyma (Fous) Arct. 3gl000 1828 -11 2830 0.070 380 030 303 125 271 0.22
Fhatanga (Fus) Arct. 364000 2034 -14 2700 0.020 54 1108 285 143 176 0.22
Tukon (UI5) Pac. 828800 &004 -12 6122 0.310 1901 8872 2800 1977 160 0.28
MacKenzie (Can) Arct. 1660000 3877 -5 10813 0.366 2219 6218 3661 2683 i 300 037
Amur (Fns) Pac. 1B30000 2133 -1 10332 0.160 1648 1680 2524 1128 184 0.36
Wenizel (Fous) Arct. 2440000 3332 -13 172ES 0020 412 6082 1652 are 317 0.50
Lanz (Fus) Arct. 1486000 2319 -14 14430 0.034 538 401 28R 538 3.01 0.47
O (Fus) Arct. 2920190 34637 -12 10200 0.050 507 7570 2280 238 14 0.36
“Area is drainage area at gauging station. Predicted O is from Qr=AF 24"
" i is relief between hizhest elevation and zauging station. S I-FQ5 is the basin T-corrected O predicred from Eq. (8). . .
“IMean T is basin temperatre averaged over drainags basin '@-F 5 is the Qs predicted from Eq. (7) using baszin discharge.
19 is dischargza. 'Pred. Cis the rating coefficient predicted fom Eq. {4). F ro m Syv I tS kll 200 2
“ 05 15 discharge-weightad sediment concenmation. = s the measured rafng coefficient.

T¢dx i sadiment lnad ' Prer is the nradirted standard daviation af 7



Table I Draivage propertes of 46 Arcric and sub-Arvctic rivers derived from the darabases of Binda et al (1986), Milliman &

River Characterization Model

Swvirski (1982, with revisions from Bobrovitskaya et al. 19088 1007), Gordeew (2000} and Syvitski et al. (20000

Fiver 10 5 Ohs.  Po-c
r . . . .y 2y
Sub-Arctic to Arctic rivers i
Somch (Y 0.17
Middle 0.17
Momh (Y 0.17
Ekalnz 0.17
5t Jean ] 0.1%
Murray 270 018
Homari 10%F e 260 0.17
Crei B — r . La0  0.17
Elinak] 0 0.18
M Saszkd "é a 240 017
Fomain =, * o
Arctic H 280 018
Srikine g} L] . L 260 0.18
Muskw ~ ™ 240 018
Abitibi E 10°%F . L * e 0.20
Eymijal (3] et 0.18
Skeens| & * . 270 0.18
Colvild © '. ® 0.18
Attawag = . LN 0.18
. QL L
Creza | o 0.18
Moos L .
vl E i
o 1] ‘||E|‘3 = a
Mottaw = o 0.12
Alazevs ] r . 0.18
Peal (T = 260 0.20
Mezen = 0.12
Euskok 3 0.12
Auvabar E 0.18
Pwr (B 0.1%
Tzzd T 4plt 0.20
Pyasina . 0.22
Olanjol 0.1%
Yana (F . 0.12
Pechor 0.23
Liard { 280 0.25
Peace 1 L] 260 0.22
Indiziry 0.20
PR L ! saal st psl PR 1 " sl PR | -
N. D 0 0.2
KD'\'I:J G 1 2 3 4 3 L5} r [i] ﬂ-'.:
Eob 10 10 10 10 10 10 10 p22
hatan . . 22
“ukon { Drainage basin area (km?) 02
MacKe: ) 300 037
Amur 0.36
jeie) Fig. 2. The annually averaged discharge (Q) scales with e
Ob (Ru the drainage basin area (4) for sub-Arctic and Arctic rivers 0.36
- 2 )
e (0=0.934"%2 at R?=0.892: Table 1). o
' H 15 1] - h Eq. (&).
“Ilean I = o T Pr o7 Eomsin discharge.
19 is dischargza. 'Pred. Cis the rating coefficient predicted fom Eqg. (4)
®Cr is discharge-weightad sediment concentration. = s the measured rafng coefficient.
Fidr in sadiment lnad 1 Prrr in the nradirted standard deviation of

1. Collect a large river database
2. Data Analysis

o 10
From Syvitski, 2002



River Characterization Model

Tohlo | Tirgivage neonarsiae of 48 3reeic and sihedvesie rivers derivad from the databases of Binda et al (1986), Milliman &
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Table 6

Regression coefficients on Qs = agQ“R*e™

Global sector No. of o a7 Og k R?

rivers

Polar (T<0 °C)* 34 1.3x 107 % 0.55 1.5 0.1 0.78

Temperate N 128 1.1 x107 % 0.53 1.1 0.06 0.49
(lat.>30°N,
=0 °C)

Tropics N 53 2.0 0.45 0.57 —0.09 0.54
(lat. 0-30°N)

Tropics S 36 162 0.65 —0.05 —0.16 0.76
(lat. 0-30°S)

Temperate S 16 ? ? ? ? ?

(lat.>30°S,
T>0 °C)

T is basin-average temperature (°C), H is maximum relief from sea
level to the mountain top (m), Os is long term sediment load (kg/s),
O is average discharge (m?/s).

E e i=aar— -
“IMean T is basin temperatre averaged over drainags basin

19 is dischargza.

®Cr is discharge-weightad sediment concentration.

Fe¥e in sadimment Tnad

1Pred. C'is the rating coefficient pradicted from Eg. (4)

¥ is the measured rating coefficient.

' Prer is the nradirted standard daviation af 7

= e Eprem—— e
'@-F 5 is the Qs predicted from Eq. (7) using baszin discharge.

N

Collect a large river database
Data Analysis

Define Predictive
Relationships

From Syvitski, 2002
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Sample Conclusions
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“model predicts sediment discharge within a factor of 2 for 75% of Earth’s rivers

across 5 orders of magnitude in Basin Area and Discharge” .



Assumptions

Climate Forcing Model
 Models work

 Downscaling works

River Characterization
Model

e All rivers are subject
to the same forces

e All rivers are in
equilibrium

 Rivers have been
sampled without bias

e River datais accurate



Strengths

Climate Forcing Model River Characterization
e Can test many Model
different climate e Can be used over a
scenarios quickly wide range of scales

e Can predict timescales ¢ Relationship is easier
of change to understand



Weaknesses

Climate Forcing Model River Characterization
e Hard to identify the Model
agents of change with ¢ Correlation does not
so many models imply causation
* Only can be used for  Equilibrium
large scale rivers conditions?
 Downscaling * No information about

problematic dynamics of change



Synthesis

e Both methods are well founded
 They work well in different places
e Great benchmark for one another
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