AGU Spring 2003
Paper H42G-03

Simulating the Spatial Distribution
of Hydrologic Processes:

TIN-based Distributed Modeling

Rafael L. Bras, Valeri Y. Ivanov, Enrique R. Vivoni,
Amy B. Watson and Dara Entekhabi

Massachusetts Institute of Technology
Ralph M. Parsons Laboratory




DR W N =

Outline

Motivation

TIN-based Distributed Modeling
Hydrological Processes
Calibration and Validation Studies
a. Baron Fork basin

b. Blue River basin

Conclusions




Motivation

e Reduce computational elements through the use of
TIN models.

e Utilize highest resolution DEM, watershed and
rainfall available.

e Physically-based hydrologic processes of large-
scale watersheds.




tRIBS Model Framework
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tRIBS Model Framework
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@ Basic wetting and drying cycle
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Interception modeling

tRIBS Interception Modeling
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Evapotranspiration modeling

tRIBS Evapotranspiration Modeling
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Net Radiation Components
Incoming shortwave
Incoming longwave
Outgoing longwave

Energy Flux Components
Latent Heat Flux
Sensible Heat Flux

Ground Heat Flux
Net Radiation

Energy and radiation modeling

tRIBS Surface Energy Modeling
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Hydraulic channel routing

@ The travel path consists of a hillslope fraction and a stream fraction

@ Hydrologic routing model is used for the hillslope part

,_ .._‘_‘_-__'""';};;‘I > Power law dependence between hillslope
"\, Velocity and hillslope outlet discharge

Vhill (1) = CuQ(t)"




Study Watersheds

Baron Fork and Peacheater
Creek in Ozark Plateau

Blue River in the
Central Lowlands




TINs and Landuse

Baron Fork Watershed

TIN has 6% nodes of raster DEM
DEM nodes = 897,949
TIN nodes = 54,438

[] Peacheater

Land use
Urban

B Forests

808 square kilometers

Crops, pasture




Baron Fork: Calibration

Baron Fork, November 1-25th, 1994
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Baron Fork: Validation

Baron Fork, October-May, 1998-99
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Baron Fork: Validation

Baron Fork, November-May, 1994-95
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Fork: Validation

Baron Fork, September-December, 1996
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Runoff Production Animation
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Groundwater Dynamics Animation
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Blue River Watershed

TIN has 2% nodes of raster DEM
DEM nodes= 1,372,999
TIN nodes = 23,536

TINs and Landuse

1236 square kilometers

Soil Texture
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Blue River: Calibration

Blue River Nov 20, 1998 - Jan 1, 1999
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Blue River: Validation

Blue River, May 15-June 4, 1997
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Blue River: Validation

Blue River, December 10-31, 1997
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Soil Hydraulic Parameters:
Blue River Basin

Ko! f! \Vb’
mm/hr | mm™ | Ar | UAr | mm | ), 0, 0,

Loamy Fine Sand 61 0.0010 | 600 | 800 | -90 | 2.0 | 0.401 | 0.035
Gravely Sandy 50 0.0010 | 600 | 800 | -90 | 0.38 | 0.501 | 0.041
Loam

Fine Sandy Loam 28 0.0010 | 400 | 500 | -150 | 0.38 | 0.412 | 0.041
Loam 17 0.0007 | 400 | 500 | -110 | 0.25 | 0.434 | 0.027
Silty Loam 6.8 0.0004 | 300 | 500 | -208 | 0.23 | 0.486 | 0.015
Silty Clay 6.0 0.0002 | 100 | 200 | -340 | 0.15 | 0.423 | 0.056
Clay 2.0 0.0002 | 100 | 200 | -370 | 0.15 | 0.385 | 0.090




Conclusions

e TIN-based Distributed model applied to Baron Fork,
Blue River and Illinois River at Watts (in progress).

e Calibration, validation at outlet and interior points.

e Model is capable of simulating the spatial

distribution of hydrologic processes over large-
scale catchments.




