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3.1 THE IMPORTANCE OF MODEL RESOLUTION FOR PREDICTING PRECIPITATION 
AND RUNOFF IN COMPLEX TERRAIN 

Keeley R. Costigan*, James E. Bossert, David D. Breshears, Katherine Campbell 
Los Alamos National Laboratory 
Los Alamos, New Mexico 

and Scott N. Martens 
University of California, Davis 

Davis, California 9561 6 

1. INTRODUCTION 

As the demand for limited stores of fresh water 
grows, optimum use of water resources becomes para- 
mount, especially in arid and semi-arid regions of the 
world. In order to make the best use of these limited 
resources, it is important to understand the entire hydro- 
logic cycle in these regions and to be able to explore the 
potential effects of increased use and of changes in the 
regional climate. As part of Los Alamos’ coupled envi- 
ronmental modeling initiative, we are linking a suite of 
environmental models to simulate the hydrologic cycle 
within river basins. Our goal is to produce a fully interac- 
tive coupling of atmospheric, surface hydrology, river, 
and groundwater models to allow feedbacks throughout 
the system. Thus, the atmospheric model will provide 
precipitation amounts and their temporal and spatial dis- 
tributions to the surface hydrology model. The surface 
hydrology model will, in turn, provide information on 
evaporation and transpiration to the atmospheric code, 
as well as predict surface runoff, and baseflow for the 
river model and infiltration through the soils for the 
groundwater model. Aquifer recharge from the river and 
discharge to the river will be modeled through the inter- 
action of the river and groundwater models. 

Our initial study region is the Rio Grande Basin. The 
headwaters of the Rio Grande are located in the San 
Juan Mountains of Southwestern Colorado. It flows 
through semi-arid and arid lands in the states of Colo- 
rado and New Mexico and along the TexadMexican bor- 
der on its journey to the Gulf of Mexico. Along the way, 
the Rio Grande provides an essential water supply for 
flora, fauna, and human populace in these areas. The 
river is also an important source of recharge to a shallow 
aquifer that provides water to the city of Albuquerque. 
The upper portions of the river are primarily fed by snow- 
melt from winter storms. In contrast, the lower portions 
of the river accumulate runoff from thunderstorms of the 
summer monsoon season. Thus, the waters of the Rio 
Grande are impacted by regional climate and could be 
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vulnerable to climate change. At the same time, the pre- 
cipitation processes in the basin are tied to the complex 
topography in and surrounding the basin (Costigan, et 
al., 1998). 

This paper focuses on the interaction between the 
atmospheric and surface hydrology models. The role of 
the complex topography in determining the spatial distri- 
bution of winter precipitation is investigated through sen- 
sitivity tests carried out using different horizontal 
resolutions in the modeling system. 

2. THE MODELING SYSTEM 

To calculate the current and future water resources 
within the Rio Grande Basin, we are coupling a series of 
existing and previously tested models that address the 
multitude of physical processes and temporal and spatial 
scales that are important to the hydrologic cycle. These 
models include the Regional Atmospheric Modeling Sys- 
tem (RAMS), which provides meteorological variables 
and precipitation to the Simulator for Processes of Land- 
scapes, Surface/Subsurface Hydrology (SPLASH). 
RAMS was created from the merger of a non-hydrostatic 
cloud model (Tripoli and Cotton, 1980) and a hydrostatic 
mesoscale model (Mahrer and Pielke, 1977). A descrip- 
tion of RAMS can be found in Pielke et al. (1992). For 
the simulations in this study, the model was run as non- 
hydrostatic and included a terrain following vertical coor- 
dinate system. Solar and terrestrial radiative processes 
are parameterized. Precipitation processes are also 
parameterized using a partial two moment microphysics 
scheme which includes eight water species (see Stalker 
and Bossert, 1998 for a description). 

SPLASH partitions precipitation into evaporation, 
transpiration, soil water storage, surface runoff, and sub- 
surface recharge. The runoff is collected within a simple 
river channel model and a subsurface hydrology model, 
FEHM (Finite Element Heat and Mass), is linked to the 
land surface and river flow model components to simu- 
late saturated and unsaturated flow and changes in the 
aquifers. 

method to downscale the atmospheric model predictions 
One step in coupling these models includes a 

mailto:krc@lanl.gov


. 
. 

from grid cells of a few kilometers to the grid resolution 
of approximately 100 m required by the surface hydrol- 
ogy model. Keeping the technique simple yet reflective 
of the influences of the complex topography in the area, 
downscaling is accomplished by a linear prediction 
model (the same model that underlies “kriging”). In the 
simplest case, with no elevation dependence, the vari- 
able as calculated by RAMS at the centers of the large- 
scale grid cells is interpolated smoothly to the centers of 
the small-scale grid under the control of an appropriate 
autocovariance model. The underlying model is a locally 
constant or planar surface plus a spatially autocorrelated 
random effect (i.e., either the “ordinary” or “universal” 
kriging model). For variables with significant elevation 
dependence, elevation is treated as a second random 
effect, whose coefficient (the “lapse function”) satisfies a 
similar underlying model. 

In order to test this technique, this paper investigates 
the sensitivity of the predicted precipitation distribution to 
RAMS grid resolution. We will present results from sim- 
ulations which incorporate 4.8 km, 1.2 km, and 100 m 
grid spacings for a single winter precipitation event in the 
upper Rio Grande Basin. The simulations require the 
use of two-way interactive, nested grids to telescope to 
successively finer grid resolutions. The largest grid 
incorporates 19.2 km horizontal grid spacing and is nec- 
essary to simulate the synoptic-scale flow features in the 
states of Utah, Arizona, Colorado, and New Mexico. The 
smaller grids focus on the upper Rio Grande Basin, and 
especially the area near the headwaters in the San Juan 
mountains, where there are a number of SNOTEL and 
Cooperative Summary of the Day observation sites. The 
RAMS simulations are initialized with gridded data 
derived form the National Centers for Environmental 
Prediction (NCEP) 2.5 degree gridded re-analysis. In 
addition, time-dependent fields were derived from the 
NCEP data for 4-dimensional data assimilation, where 
the model solution is nudged toward the observed fields. 

The RAMS predicted precipitation fields for the 
coarse-resolution simulations are passed to the down- 
scaling algorithm. The downscaling technique is used to 
extrapolate the precipitation for each 4.8 km by 4.8 km 
grid cell to the 100 m by 100 m grid cells used by 
SPLASH. The resulting precipitation fields, after down- 
scaling, are compared to the RAMS fine-resolution simu- 
lation that uses 100 m horizontal resolution over a small 
portion of the basin and to the observed precipitation in 
that area. 

The results of these sensitivity simulations are useful 
in assessing the importance of fine-scale topographic 
features on the distribution of precipitation in complex 
terrain. The results are also useful in assessing the 
effectiveness of our downscaling technique. It is not 
practical, even with the fastest computers, to simulate 
the climate at the 100 m resolution required by SPLASH. 

At the same time, the simplest method for distributing 
the precipitation that gives reasonable results is desir- 
able. 

3. FUTURE WORK 

The initial work on the modeling system includes a 
year-long simulation with the one-way coupling of RAMS 
with SPLASH, while the coupling of SPLASH, the river 
model, and FEHM is two-way interactive. Currently, 
RAMS parameterizes evaporation and transpiration with- 
out and information from SPLASH. The next step will be 
to include feedback of evaporation and transpvation 
from SPLASH to RAMS. The coupled modeling system 
will run on the multi-processor computers at Los Alamos. 
Running the modeling system on these machines will 
facilitate the use of interactive nested grids and better 
horizontal resolution. 
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