H33F Constraining River Baseflow Depth from Swath Altimetry and Classic Hydraulic Geometry: Initial Results
1228 Matthew K. Mersel!, Laurence C. Smith!, Michael T. Durand?3, Konstantinos M. Andreadis3

Department of Geography, University of California, Los Angeles; Department of Earth Sciences, The Ohio State University; 3Byrd Polar Research Center, The Ohio State University

Problem Statement 2. Adapting CIaSSiC At-A-Station Leopold and Maddock described at-a-station hydraulic geometry as the interrelationship of hydraulic

characteristics of stream channels and their variation with respect to discharge as “simple power functions at a

How can depth, and ultimately discharge, be estimated from remotely Hyd raulic Geometry to SWOT Ny <@aned fyine I;:T:C:lb d=cQf v=kQ"

Top Width vs Discharge
T T T T ‘

sensed measurements of water surface elevation and width? Leopold and Maddock, 1953

= — ;;f e | where w, d, and v are top width, average depth, and average velocity, respectively, and Q is discharge in m/s.
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of total discharge (m3/s) are limited by the unknown cross-sectional area in addition to velocity. | /// . - ] has a tighter correlation to discharge than either width, depth, or velocity.
True Bathymetry SWOT Observations T T N P R T esemmemeeoews Longitudinal Profile of At-A-Station Exponents
1 E .' | | % 102 ° : . . L [ . | T
g o Discha:g;); (cm/s) o mean = 028398
= b (Width) ——mean = 0.23165
— Q 1
c X I ! | | | | | I
@)
S 05 ™M “‘A» \ ’ \ ‘t s i . -
- - =2V AN '\/' AU ’«V A INFFNGATINADA Ao’ SRS AN A
Rio Grande C Tl . ——mean = 0.39139
N | | Upper Mississippi . f (Depth)  ean — 040268
Here we adapt traditional hydraulic geometry (HG) concepts to a remote sensing framework, and explore the extent ” b (Width) b (Width) — ¢ | N | | | M | | | ‘ |
: : : : : § W= == T S o e A0 AA fpc . . N AN ] 4
to which remotely sensed measurements of water surface elevation and width can be used to constrain estimates of g 00| I@mean = 0.895 + 200 Il mean = 0.974 : 2 Oz W M A WVOMY fk‘. <O\ NA ATy AT Vv |
. : w50 g9 = o 0 20 40 60 80 100 120 140 160 180
river depth and discharge. gL e = e ‘
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 mean = 032431
O = m (Velocit — -
0 f (Depth) f (Depth) . é 1 ‘ | | | ( y) | | mlean = 0.36761|
S " "' ‘ ' | | ' | | 500 " | ' | | ' | " o ) ]
% 100, I mean = 0.906 + 10Oﬁ-mean=0.96} - — | g 0-2 )/ ~ A\ ‘A" A e A .’_"‘A N0 ‘,A‘f N "“o.,« e ¥ ALA
1 2 J A e 0 20 40 60 80 100 120 140 160 180
— M t h d 8 O0 O.‘1 EI; 0.‘3 O.‘4 0f5 0.‘6 O.‘T 0.8 0.9 1 OO O.I‘I Of2 O.‘3 0.‘4 Of5 O.‘6 0.‘7 Oj8 0.9 1 m
etnoas 0O —— mean = 0.99967
) m (Velocity) m (Velocity) O b+f+m —  mean =1.0019
] . % 150 w 1 w w T w w T . | . T w w T w w T w T
We used the Army Corps of Engineers % 100 IMmean = 0.928 | 200 il mean = 0.935
T river hydraulics model, HEC-RAS, to 3> | - J " | | —
5 00 O.‘1 g 0.J3 0.4 015 0.J6 0.7 0.8 09 1 0O 0.I1 Of2 0.3 0.‘4 015 0.‘6 O.‘T 0.8 09 1 —
produce a range of steady flow water - 9 B . ——mean = 0.33202
surface profiles along a reach of the . f .o (Water Surface Elevation) . f. .o (Water Surface Elevation) 5 - E fswot (Water Surface Elevation)  mean = 0.35302
middle Rio Grande River (172km) and a 5 10| Iimean = 0.994 " Elimean = 0.998 Q S | | | | | |
N ( . ) . - \ J { J — O o % ' V“‘ VAV w“"r"v-vA"“f‘A-"‘\L"*’v VAV S v v e A N g e % ""*A" M
reach of the Upper Mississippi River : B o % ; 5 - - - o o v -
. @) 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 (% )
(180 km). For each steady state profile, Correlation Coefficient Correlation Coefficient S A - Chainage (km)
model outputs of water surface B ¢ —

elevation, top width, average depth,
average velocity, and discharge were
extracted at each cross-section.

Rio Grande River | 3. Can remotely sensed measurements of water surface Conclusions / Future Work

(146 Surveyed Upper N“SS'SS'pp' River The ability to produce a wide range of i . . . * The fundamentals of classic hydraulic geometry can be applied to remote
. (233 Cross-sections) flow profiles at spatially dense cross- EIevathn and Wldth be USEd to constrain estimates sensing retrievals to explore the relationship between water surface
CFOSS-SECtIOnS) section locations makes this an ideal ) elevation and discharge. When restricted to within-bank flows, water
method for exploring the Of river depth? surface elevation displays a high correlation with stream discharge in the
interrelationships of hydraulic rivers studied.
characteristics of stream channels. The : , : :
. e At-a-station HG’s are highly variable downstream, therefore remotely
modelned vaIues. of water surface Ove rba N k dl d N €d r-bOttO m DEte CtIO N sensed HG relationships are useful locally, not universally.
elevation and width were treated as . | | ol
: : * Surprisingly high m exponents suggest velocity retrievals pose a challenge
synthetic SWOT observations for the Water Elevation/Width Correlation : 1266 . : : : : :
// | ourposes of this study. HEC-RAS outputs / Overba\nk Detection e in-channel to SWOT discharge retrievals. On average, velocity adjustments comprise
. . . . o o . . N
/ w37 were imported into Matlab for plotting . | RioiGrands River \ SUTooToo N\ | - 2;2:b§gtlt<om e 32% and 37% of discharge for the Rio Grande and Upper Mississippi rivers,
250 and analysis. g || Mmmean = 088545 _ B § = respectively
3 3 : * The correlation between remotely sensed measurements of water surface
S % o6 o7 08 09 1 L!§1265- . elevation and width can be used to detect overbank versus within-bank
HEC-RAS Water ) Upper MississippiRiver | | |  _ U % . flows, and the nearing proximity of a channel’s bottom.
o . S o0 [MMmean = 092104] | | g ‘ * The preliminary findings presented here suggest promising potential for
N Surface Profile ; Near-bottom = § SWOT discharge estimates given the tight relationship between water
s Model; § o ' w . | surface elevation (a SWOT observable) and stream discharge.
2?.22 O e Ing 0.5 0.6 0.7 - 0.8. | 0.9 1 DeteCtIOn 126480 140 200
' Correlation Coefficient _ B . .
052 Top Width (m) * Further work will expand to larger datasets of surveyed cross-sections in
W‘ B72 These histograms reflect the tight order to determine the consistency of these findings among varied river
\\\ proe " 'w S linear relationship between water Multi-temporal measurements of water surface width and elevation can be used types and locations.
5\" 56,03 | e . . ey - . .
TP 1055 5 surface elevation and width, for to detect within-bank vs. overbank flows. The relationships between remotely
w2 ! e two rivers, when restricted to ot ' ' i
"2 . = == /o sensed channel characteristics (water surface width and elevation) and variables Funded by the NASA Physical Oceanography Program (Grant NNHO9ZDAOO1)
110 o — ~ ey within-bank flows. fi h | depth. veloci d disch | lated wh .

s | = : e of interest (channel depth, velocity, and discharge), are strongly correlated when http://swot.jpl.nasa.gov/

- \ / T restricted to within-bank flows, but not for overbank flows. Additionally, at Leopold, L. B., and J. Thomas Maddock (1953), The Hydraulic Geometry of Stream
= sufficiently low flow levels, significant breaks in water surface width/elevation E?jfgr:_';nafs:persome Physiographic  Implications, ~ Geological ~ Survey
= ratios can indicate the nearing proximity of the channel bottom. Tetra Tech, Inc. (2005), FLO-2D Model Development Below Caballo Dam URGWOM

W wm @ @ w Prepared For: U.S. Army Corps of Engineers.
ol U.S. Army Corps of Eng. (2004), Upper Miss. River System Flow Frequency Study.




