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Abstract  Atmospheric observation and model output datasets as well as hydrologic datasets are 
increasingly becoming available on a continental scale. Although the availability of these datasets 
could allow large-scale water dynamics modeling; the different objects and semantics used in 
atmospheric science and hydrology set barriers to their interoperability. Recent work has 
demonstrated the feasibility of modeling terrestrial water dynamics for the continental United States 
of America. Continental water dynamics defines the interaction of the hydrosphere, the land surface 
and subsurface at spatial scales ranging from point to continent. The recent release (2006) of the 
enhanced version of the National Hydrographic Dataset (NHDPlus, an integrated suite of geospatial 
datasets stored in a vector and raster GIS format) offers an advanced description of the hydrological 
features (lakes, rivers and catchments as well as elevation) of the United States that allows the 
development of feature-based hydrology (as opposed to grid-based hydrology).  The routing-
capable version of the Noah Land Surface Model (Noah-distributed) was used with NARR energy 
and water balance variables and with NEXRAD Stage IV (gage checked) precipitation in order to 
produce lateral inflow for a river model. A vector-based one-dimensional Saint Venant Equation 
river model with assimilation of stream gage measurements from the U.S. Geological Survey and of 
Noah outputs is being developed.  The testbed for the proposed framework is the Guadalupe River 
basin in Texas.  The spatial and temporal resolutions and extent used are petascale computing 
challenges.  Future research foci involve groundwater components, operational data from man-
made structures, and generalization to the continental U.S. 

Introduction 
Over the past 10 years, several research groups have developed extensive studies on regional-scale 
and continental-scale hydrologic modeling (Abdulla et al. 1996; Boone et al. 2004; Habets et al. 
2004; Lohmann et al. 1996; Lohmann et al. 1998; Olivera et al. 2000; Rousset et al. 2004; Wood et 
al. 1997).  In most studies, streamflow generation has mainly been a way to check the quality of the 
land surface models and/or the atmospheric circulation models that they're coupled with.  The 
present research focuses on creating a one-way atmosphere/land surface/hydraulic model that 
consists on the succession of physically based models, with assimilation of measured discharge and 
lateral inflow in the hydraulic model.  Discharge calculations for all river reaches in the NHDPlus 
river network for the continental U.S. is the ultimate goal.  The Guadalupe River Basin in Texas 
was chosen as the testbed. 

Continental Water Dynamics Modeling 
Syed et al. (2004) studied the process controls of land surface hydrological cycle of the continental 
United States and concluded that precipitation and evaporation are the main drivers of the 
hydrological cycle.  Habets et al. (2004) stated that the potential of modeled precipitation to be used 
in river forecasting is limited by the three following types of error: (i) localization of the events; (ii) 
timing of the events; and (iii) precipitation intensity. Therefore, modeled precipitation is rarely 
directly used to calculate river flows, and measured precipitation is preferable. 

The best datasets available for the continental U.S. were therefore chosen to drive the Noah land 
surface model offline.  NEXRAD Stage IV precipitation (gage checked) which is now available for 
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the continental U.S. from the NCDC THREDDS server 
(http://nomads.ncdc.noaa.gov:8085/thredds/catalog.html) was used.  NEXRAD is available on an 
hourly basis and 4 km spatial resolution, for the past six years.  The other variables needed to drive 
Noah (pressure, wind speed, specific humidity, temperature and downward radiations) were 
obtained from the NARR (Mesinger et al. 2006).  NARR is a three-hourly 32 km resolution 
reanalysis dataset available from 1979 to present, and NARR is arguably the best evaporation 
dataset for the continental U.S. also, it is available from the previous server.   

Figure 1 shows a schematic of the framework that the present study is based upon.   

 
 

Figure 1 Continental Water Dynamics Modeling Framework 
 
The Noah Land Surface Model was used for land-atmosphere processes (at 900 m resolution) and 
the Noah-distributed enhancement (Gochis and Chen 2003) was used for routing runoff from the 
land surface to the river network (at 30 m resolution).  In Noah-distributed the overland flow 
routing is calculated as a fully unsteady, explicit, finite difference, two-dimensional diffusive wave 
flowing over the land surface.  'Shallow' groundwater flow (down to 2m depth) is also explicitly 
modeled using a quasi-steady state saturated flow model.  Therefore, lateral inflow to the river 
reaches is a combination of surface runoff and groundwater flow.   The flow from the stream back 
to the landscape or aquifer is currently not modeled.   

NHDPlus was used as the hydrologic land-base for river flow modeling and land surface modeling. 
The NHDPlus dataset (see Figure 2) is the integration of the National Hydrography Dataset, 
National Elevation Dataset and National Land Cover Dataset (just completed by the U.S. 
Environmental Protection Agency).  NHDPlus has approximately 2.3 million river reaches in the 
United States, each reach has an associated catchment created on a preconditioned 30m DEM.  
There are approximately 2000 river reaches in the Guadalupe River Basin.   
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Figure 2 NHDPlus hydrologic regions for the U.S. and the Guadalupe River Basin  

 
There are two main conceptual differences between atmospheric sciences and hydrological 
sciences: the representation of the Earth and the nature of the objects used in each field's 
computations.  First, atmospheric models as well as land surface models use a spherical Earth for 
their calculations.  The reason for the use of a spherical Earth is to simplify variations in Coriolis 
acceleration due to the irregular / oblique geometry of the planet.  Most hydrologic datasets do not 
use a spherical Earth.  The hydrologic dataset used in this work (NHDPlus) is referenced to the 
spheroidal Earth represented by the North American Datum 1983 (NAD83) Geographic Coordinate 
System.  Therefore, GIS map projections between sphere and spheroid necessary in order to achieve 
meaningful calculations.  The degree of error (due to inappropriate projections) that would result 
from ignoring the different shapes of the Earth is on the order of 20 km at the latitudes of the 
continental U.S. (Richard Koehler, pers. comm.).  Second, atmospheric models as well as land 
surface models use grid cells as their basic object for computation.  The grid cells are boxes for 
atmospheric models.  Their horizontal bases are squares which vary in size from tens of kilometers 
to a few degrees (1 111 km° » ).  For land surface models, the grid cells are square and their size is 
usually between one kilometer and tens of kilometers.  In hydrology, features are generally 
represented by vector data (lines, points, polygons).  As a consequence, the interoperability between 
atmospheric and hydrological sciences needs to be achieved on several conceptual levels.  Figure 3 
shows how the lateral inflow accumulated at the pour point of the catchment of a river reach can be 
associated to the corresponding river reach, thus accomplishing the conceptual translation between 
grid and vector environments.   
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Figure 3 Conceptual translation between grid and vector environments using pour points 
 
The mathematics of the data assimilation used in this study have been developed by Maidment et al. 
(2006).  The main mathematical improvement of the river flow calculation proposed is the 
assimilation of gage measured streamflow and modeled lateral inflow.  One-dimensional Saint 
Venant equation is used on a the NHDPlus vector-based river network.  A methodology for state 
estimation on a vector-based river network using gage measurements and lateral inflow has already 
been implemented and tested.  The vector-based one-dimensional Saint Venant Equation river 
model with assimilation of stream gage measurements from the U.S. Geological Survey and of 
Noah outputs is currently being developed.   

Conclusions 
A framework for a continental-scale river calculation using a one-way atmosphere/land 
surface/hydraulic model that consists on the succession of physically based models is developed. 
The framework will include assimilation of measured discharge and lateral inflow.  The best 
datasets for evaporation (NARR) and precipitation (NEXRAD Stage IV) are used.  The hydraulic 
model is under development. 
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