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Motivation

o Fully distributed vs. Semi-distributed « HydroBlocks Land Surface Model
modeling approaches. o Limitation routing: Manageable for
~5,000 channels.
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Goal: Simplified structure of river network: Scalability over continental scales.




Study area

1x1 domain, centered in Mt. Elbert, CO
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Stage 1: Select reaches to solve
explicitly
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Stage 2: Clustering topologies

2.1. 35 descriptors of subnetwork topologies

Number of reaches
(Nreaches)

Average bankfull width
(MBF)

Average sub-basin
elevation
(“DEM)

Nullity, unweighted
(N

MW)

Spectral gap, w=slope
(Gw=S )

Total length
(XL)

Average drainage
density
(Mp,)

Average sub-basin
topological index
(HK11)

Nullity, w=1/length
(Ny=1)

sz

Wiener number,
unweighted
(W,

uw)

Total acc. area

(ZAcc)

Max. Drainage density
(Maxp,)

Average sub-basin
aspect
( MASp )

Nullity, w=width
(NW=W )

Wiener number, w=1/

length
(Wa=1)

w=

Average length
(K )

Average Shreve order
( Hshrord )

Average shortest path
length, w=width
(MspPL,—w)

Nullity, w=slope
(Nw=S )

Wiener number,
w=width
(WW=W)

Average acc. area
(/"Acc)

Max. Shreve order
(MaxShrOrd)

Average shortest path
length, w=slope
(MspL,,_s)

Spectral gap,
unweighted
(G

l/tW)

Wiener number,
w=slope
(Ww=S )

Average width
(Hw)

Average sinuosity
(#s)

Average in-degree,
w=width (#D,_y)

Spectral gap, w=1/
length
(Gw=1 )

W=f

Global efficiency

(G.eff)

Average reach slope
(Hs)

Channel features

Max. Sinuosity
(Maxy)

Sub-basin
aggregated
properties

Average in-degree,
w=slope ( #p,_;)

Spectral properties

Spectral gap, w=width
(Gw=W)

Classical river
network morphology

Global reaching
centrality
(GRC)

Graph-theory




Stage 2: Clustering topologies

2.1. 35 descriptors of subnetwork topologies

Average sub-basin
elevation
(HDEM)

Number of reaches
(Nreaches)

Average bankfull width
(MBF)

Nullity, unweighted
(N,

I/tW)

Spectral gap, w=slope
(Gw=S )

Average sub-basin
topological index
(K1)

Total length
(XL)

Nullity, w=1/length
(Ny=1)

w

Wiener number,
unweighted
(W,

uw)

Average sub-basin

Total acc area
ashect

Nulllty, w= w1dth

Wiener number, w=1/
lenoth

Reduce dimensionality before performing

clustering
| (oo |

(Cligtll, vw=slUpcC

(:uAcc) ( ”SPszs)

ulivciglilcd

(G

ww)

w=slupc

( Ww=S )

Average width
(Hw)

Average sinuosity
(Hs)

Average in-degree,
w=width (#D,_y)

Spectral gap, w=1/
length
(G-t )

w=g

Global efficiency
(G.eff)

Average reach slope Max. Sinuosity
(Hs) (Maxy)

Channel features

Average in- degree
w=slope ( #p,_;)

Spectral properties

Sub-basin
aggregated
properties

Spectral gap, w=width
(Gw=W )

Global reaching
centrality
(GRC)

Graph-theory




Stage 2: Clustering topologies

2.2. PCA for 85% threshold (~1,200 subnetworks)

19 PC, ~99% of total
30 variance
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(=) o o o
o \n o Tl
v JEE NN NN
QO -
- - emmmsse 000 ©® ®o ® ® o i=mg
e "Iooooo oo.o.l. * "oo \s:mmumu
whd o Im®me e ° oo ® o000 ® S=M)
g (Vg o mpwe ‘e ° em 'mn\_\_\?
=3 ® me e oo o e o M=My
omme e ee 3D
o lC o momon eoceem® o .\_m\sZ
em» o0 @ [ 1] ulg\.? on
' — = o M €
O emme o ee M=Mg —
O emme o0 o ® i= Q
(- e me ® Eo&m_l ._..u\.u
e Soydoeal
p e 7, "I " Eogcmxﬁi w
b m "I - ® N_\_W| oy O
e e o =M
= = B8
m ® Imees e ¢ M=MIdSH{ &
u e e L O e eo’dxepy )
- ) — ¢ © Tmmm o wes e o o=t c
® mmese svr| O
@ Immee ® e o eS5S=Mady
T =m0 m e §
@ DEENe 0 e @5 —
Q. . - mrf on
a "“ oo ® oaw .ooo.oumi on
@ IED @ °090cEme e eddn <
n m & ITEEEEre® ¢ ® e ol
@ IIIPeee w8es ® Sxep
_— = =il
- +J 5 '8 |6.'Ao.o'2 ° oOml
.]
- — o o o o o
e ® uol3e|aJio)
oN
- - —
(T
g on S
(@)]
c RN § A
- = s | €
- — Q
=
oy Q = 2 o
N . v — N
C L P -
- E =2 2 o o
B c X 2 2 L
@) S ) = = O -
L = © N0
‘ ‘ o 0 wn . e arb | -
C w Q) cs ¢ JE
=) o
(@) C O wn
o— c Q w2 15 c
HE O c >SS o —=m©
Q| S OF
O v O A
#
() o 3
— | = o (")
e — . — O
on & .
° o
a ﬁ-v LB B B o
° v
) (o)l .
S — S SR —
o
w S ®©® 9 ¥ N 9
— o o o (&) o

uolle|all00 abelany

(3 ) ° © o ceme o @se -/
'y ) ° ) GeEme 00 00 [5)
o> o ®o emm® 0o @ "o
o ® co o e ® T\_\_\w_Z
oo ® co® (L) e ®@S5=My
(D) ) emmeo® © © TENS)
oo ® co® o e ® M=My
oo ® ceo e @ we e® My
eD ®ece o T\_\NS
oD @e oo ° m=maa
oD @ o0 o MNAA
oD @&e oo ) S=m
e @ - o o ® sayoeady
oD @ - o o ® pi01USxp
[ B [ eem o o oo M=Mc)
o) @ ae o ™ P1044St|
o) @ a o o o ¢
e @ o o o o o ¢
D o o0 e emooeoe o M =Mdr{
e Do ene () ) Paxep
e @ ome ¢ (7] M =MTdSr|
- ) G ®E» o @ ee®w ® S-Yp
e e © GENND GBE® 00 sV
- o» e® aa» @@ e o /NIdr|
@ » e» o eam e M
e Do e (TN ee ‘an
& J2© e» o eam e J9n
e ) oNDeE @» e @ oo S=Mdr
™ ) IDOee @& @® o6 5S=MIdSr
- ) oD oo a» @@ o 57/
- - & oammese ® °xXp|
e © Domms om0 o®@ ® o/ln
e » - esomoe OV
- b @ ° @» ¢ 71
- - one e @ 57/
o  © © < N o
— o o o o o
uolje|a4i0)
e»e Tgo
oe <[
OmmD o®oeoe ° ﬂu\s%
oW @0 OO @ M=Mn
o )
OIm» ¢ e © ® S=MN
® - @O () MON
o» ® HI'D
e o o M=Mc)
oI o ® P1044St|
e m» ®eo o @00 ° T\_\NK_
@m» oo o ) soyoeol
( > X T T I} ® EOEmevS\
[ ) ) M =mar|
@ W ®@e o @00 ° M=Mm
@ mmo ®® o oo ® S=EMM
@mse ®o o eoo ® M
emmees o ° 12
e W™ e O °® Dyg
e m® ° ® M=m1dSr]
@ D e o umxms\
e INEEeEne S=Mq)
e | IDeEeD @8 0D e O e ISy
e NS 0D GEe ® S=mdapf
e 0 D EBID IR @00 00 w3aar
@D @ w0 o Mr
o I $90° 8O aso@® S =M1dSr
- . SEEBEES ®) 00 @ G s
®oD ee e O 44r]
@ TEENeY@E 00 @ Pan
- ammes *Xep
- PGS 100 @M% 1 e ILr
- I e e e @00 22V
- mme o0 ® ° ®oe T
- memmassmm»o® © ® 57
S| o © < N o
— o o o o o
uolje|aJio)



Stage 2: Clustering topologies

Clustering
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Stage 2: Clustering topologies

Clustering: First-order streams and simple topologies
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Stage 2: Clustering topologies

Clustering: Intermediate complexity structures
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Stage 2: Clustering topologies

Clustering: Highly complex structures
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Stage 2: Clustering topologies

Clustering: Highly complex structures
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Final Thoughts and
Future Directions

e Cluster the river channel structure over sets of

interconnected reaches (i.e., topologies): Possible!

e Some questions remain:

1. Influence of different covariates on the obtained clustering +
weights used within the clustering.

2. Are the selected topological metrics enough to characterize the
trees on all scales? (i.e., complex vs. simple networks).

3. Characteristic topology + 2-way coupling.

« Quantify computational saving derived from applying a
topological clustering vs. “fully distributed” routing solution.

e Preliminary results show that topological clustering is a
feasible and promising alternative to implement within ESMs.
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