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Abstract

This report presents the development and application of the distributed-
parameter watershed model, INFILv3, for estimating the temporal and
spatial distribution of net infiltration and potential recharge in the Death
Valley region, Nevada and California. The estimates of net infiltration
quantify the downward drainage of water across the lower boundary of
the root zone and are used to indicate potential recharge under variable
climate conditions and drainage basin characteristics. Spatial variability
in recharge in the Death Valley region likely is high owing to large
differences in precipitation, potential evapotranspiration, bedrock
permeability, soil thickness, vegetation characteristics, and contributions

http://pubs.usgs.gov/wri/wri034090/ 5/16/2011



USGS WRIR 03-4090: Simulation of Net Infiltration and Potential Recharge Using a Dist... Page 2 of 7

to recharge along active stream channels. The quantity and spatial
distribution of recharge representing the effects of variable climatic
conditions and drainage basin characteristics on recharge are needed to
reduce uncertainty in modeling ground-water flow. The U.S. Geological
Survey, in cooperation with the Department of Energy, developed a
regional saturated-zone ground-water flow model of the Death Valley
regional ground-water flow system to help evaluate the current
hydrogeologic system and the potential effects of natural or human-
induced changes. Although previous estimates of recharge have been
made for most areas of the Death Valley region, including the area
defined by the boundary of the Death Valley regional ground-water flow
system, the uncertainty of these estimates is high, and the spatial and
temporal variability of the recharge in these basins has not been
quantified.

To estimate the magnitude and distribution of potential recharge in
response to variable climate and spatially varying drainage basin
characteristics, the INFILv3 model uses a daily water-balance model of
the root zone with a primarily deterministic representation of the
processes controlling net infiltration and potential recharge. The daily
water balance includes precipitation (as either rain or snow), snow
accumulation, sublimation, snowmelt, infiltration into the root zone,
evapotranspiration, drainage, water content change throughout the root-
zone profile (represented as a 6-layered system), runoff (defined as
excess rainfall and snowmelt) and surface water run-on (defined as
runoff that is routed downstream), and net infiltration (simulated as
drainage from the bottom root-zone layer). Potential evapotranspiration
is simulated using an hourly solar radiation model to simulate daily net
radiation, and daily evapotranspiration is simulated as an empirical
function of root zone water content and potential evapotranspiration.
The model uses daily climate records of precipitation and air
temperature from a regionally distributed network of 132 climate
stations and a spatially distributed representation of drainage basin
characteristics defined by topography, geology, soils, and vegetation to
simulate daily net infiltration at all locations, including stream channels
with intermittent streamflow in response to runoff from rain and
snowmelt. The temporal distribution of daily, monthly, and annual net
infiltration can be used to evaluate the potential effect of future climatic
conditions on potential recharge.

The INFILv3 model inputs representing drainage basin characteristics
were developed using a geographic information system (GIS) to define a
set of spatially distributed input parameters uniquely assigned to each
grid cell of the INFILv3 model grid. The model grid, which was defined
by a digital elevation model (DEM) of the Death Valley region, consists of
1,252,418 model grid cells with a uniform grid cell dimension of 278.5
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meters in the north-south and east-west directions. The elevation values
from the DEM were used with monthly regression models developed
from the daily climate data to estimate the spatial distribution of daily
precipitation and air temperature. The elevation values were also used to
simulate atmospheric effects on potential evapotranspiration, to develop
topographic parameters to simulate the effects of shading on potential
evapotranspiration, and to develop parameters to simulate surface-water
flow. Surface-water flow was modeled as a downstream redistribution of
runoff generated by rain or snowmelt and was routed across all the
model grid cells as a daily surface-water run-on component of the water
balance (for days when runoff was generated) using an eight-directional
(D-8), convergent-flow routing algorithm. A six-layer root-zone system--
five soil layers and one bedrock layer--was used to simulated the daily
root-zone water balance, including evapotranspiration, infiltration,
drainage, and redistribution of moisture in the root zone.
Evapotranspiration from each root-zone layer was modeled as a function
of potential evapotranspiration, the estimated root density for each
layer, and the simulated water content for each layer. Downward
drainage through each layer was modeled as a function of soil saturated
hydraulic conductivity, soil texture, and the simulated water content.
Snowfall, sublimation, and snowmelt were modeled as functions of the
spatially distributed daily climate input and the simulated solar radiation
component of the potential evapotranspiration model.

The model was calibrated using comparisons of (1) simulated streamflow
with historical streamflow data from 31 gaging stations in the Death
Valley region, and (2) simulated 50-year (1950-99) basinwide average
net infiltration with previous estimates of basinwide average recharge for
42 basin areas (defined in previous studies as hydrographic areas and
subareas) in the Death Valley region. Parameters adjusted during model
calibration included bedrock saturated hydraulic conductivity, root
density, average storm duration (for summer and winter storms), and
soil saturated hydraulic conductivity and wetted area used to represent
stream-channel characteristics. Model calibration using the streamflow
records was difficult because the spatial coverage of the daily climate
records for many locations in the Death Valley region is not sufficient for
simulating local-scale, high-intensity summer storms. In addition,
calibration results based on streamflow were sensitive to the parameters
representing stream-channel characteristics, and these characteristics
were assumed (and thus highly uncertain). Comparison of simulated
basinwide net infiltration with previous basinwide estimates of recharge
provided better calibration results than comparisons using simulated and
measured streamflow. Overall calibration of the INFILv3 model
incorporated the results from both methods of calibration because of the
uncertainty of the previous estimates of recharge and because of the
need to develop independent estimates of potential recharge.
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The 50-year INFILv3 simulation results for four different models (where
model differences were defined by differences in input parameters were
evaluated using a comparison of net-infiltration estimates with the
streamflow records and the previous basinwide recharge estimates for
the 42 hydrographic areas and subareas. For the model providing the
best overall calibration, a total net-infiltration estimate of 413,000 m3/d
was simulated for the total area covered by the 42 hydrographic areas
and subareas; this estimate is in good agreement with the total
estimated basinwide recharge of 431,000 m3/d for the same area. The
net-infiltration results generally are consistent with the recharge
estimates, although net infiltration had less variability on a basinwide
scale. Basinwide net-infiltration volumes are lower than recharge
volumes for most of the hydrographic areas and subareas that have high
recharge estimates and higher than recharge for most hydrographic
areas and subareas that have low recharge estimates. The model
comparisons indicate that simulated daily streamflow is sensitive to
uncertainty in estimates of storm duration, stream-channel
characteristics, and bedrock hydraulic conductivity. Net infiltration is
sensitive to uncertainty in bedrock hydraulic conductivity and
parameters controlling evapotranspiration (such as root density). Both
streamflow and net infiltration are sensitive to uncertainty in spatially
distributed precipitation and estimated soil thickness.

For the model providing the best overall calibration, model application
results for the Death Valley regional ground-water flow system (based
on the 1950-99 simulation) include an average net infiltration rate of 2.8
millimeters per year (mm/yr), or a total potential recharge volume of
342,000 cubic meters per day (m3/d). The simulated potential recharge
is 1.6 percent of the 1950-99 simulated average annual precipitation
rate of 171.3 mm/yr. Net-infiltration results for individual model cells
were highly variable across the Death Valley regional ground-water flow
system, with a maximum net-infiltration rate of 1,262 mm/yr for an
active stream-channel location. Simulation results also include an
average runoff-generation rate of 2.2 mm/yr and an average run-on
infiltration rate of 2.0 mm/yr, indicating that most of the runoff
infiltrates back into the root zone during downstream routing (as run-on)
rather than discharging to playas. Infiltration from surface-water run-on
accounts for about 14 percent of the total net-infiltration volume for the
Death Valley regional ground-water flow system. However, in some
areas of the regional flow system, surface-water flow may contribute as
much as 40 percent to the total net-infiltration volume. The simulated
average surface-water inflow into playa lakebeds is 0.20 mm/yr and is
assumed to evaporate from the playas.

http://pubs.usgs.gov/wri/wri034090/ 5/16/2011



USGS WRIR 03-4090: Simulation of Net Infiltration and Potential Recharge Using a Dist...

CONTENTS

Abstract
Introduction
Description of Study Area
Geographic Setting and Physiography
Climate
Surface Water
Ground Water
Vegetation
Soils
Hydrogeology
Net Infiltration and Recharge
Previous Studies
Model Development
Conceptual Model of Net Infiltration
INFILv3 Model
Model Parameters
Model Geometry and Discretization
INFILv3 Model Algorithm
Subroutines
DAYDIST: Spatial Distribution of Daily Climate Parameters
POTEVAP: Potential Evapotranspiration
SNOW: Snowfall, Snowmelt, and Sublimation
ETINFIL: Infiltration, Drainage, Evaporation, and Runoff
Infiltration and Drainage
Evapotranspiration
Runoff Generation
SWINFIL: Surface-Water Flow Routing
Simulation of Net Infiltration
Drainage Basin Parameters
Topographic Parameters
Hydrogeologic Parameters
Soil Parameters
Vegetation and Root-Zone Parameters
Climate Parameters
Daily Precipitation and Air Temperature
Monthly Regression Models for Climate
Monthly Atmospheric Conditions
Assumptions and Model Limitations
Model Calibration and Evaluation
Model Fitting 63
Comparison of Simulated and Measured Streamflow
Streamflow Frequency
Total Discharge
Maximum and Average Daily Discharge

http://pubs.usgs.gov/wri/wri034090/

Page 5 of 7

5/16/2011



USGS WRIR 03-4090: Simulation of Net Infiltration and Potential Recharge Using a Dist... Page 6 of 7

Annual Discharge
Monthly Discharge
Flow Discharge
Simulation of Net Infiltration, 1950-99
Watershed Model Domains for the Death Valley Region
Simulation Results for Watershed Modeling Domains
Results for Watershed Model Domains
Results for the Death Valley Regional Flow System
INFILv3 Model 1 Simulated 50-Year Average Precipitation
INFILv3 Model 1 Simulated 50-Year Average Snowfall
INFILv3 Model 1 Simulated 50-Year Average Runoff
Simulated 50-Year Average Surface-Water Run-On
INFILv3 Model 1 Simulated 50-Year Average Infiltrated Run-On
Simulated 50-Year Average Evapotranspiration
Simulated 50-Year Average Net Infiltration
Model Evaluation Using Hydrographic Areas
Comparison of Simulated Precipitation Estimates with PRISM Estimates
Simulated Water Balance for Hydrographic Areas
Net-Infiltration Results for Hydrographic Areas
Comparison of Simulated Net Infiltration with Previous Estimates of Recharge
Model Uncertainty
Summary
References Cited

Document Accessibility: Adobe Systems Incorporated has information
about PDFs and the visually impaired. This information provides tools to
help make PDF files accessible. These tools convert Adobe PDF
documents into HTML or ASCII text, which then can be read by a
number of common screen-reading programs that synthesize text as
audible speech. In addition, an accessible version of Acrobat Reader 5.0
for Windows (English only), which contains support for screen readers, is
available. These tools and the accessible reader may be obtained free
from Adobe at Adobe Access.

Water Resources of California

Accessibility FOIA Privacy Policies and Notices

T )
U.S. Department of the Interior, U.S. Geological USA.oov, %
Survey TAATERS,
Persistent URL:
http://pubs.water.usgs.qgov/wri034090
Page Contact Information: Publishing Service

http://pubs.usgs.gov/wri/wri034090/ 5/16/2011



USGS WRIR 03-4090: Simulation of Net Infiltration and Potential Recharge Using a Dist... Page 7 of 7

Center
Last modified: Thursday, September 01 2005,
02:23:31 PM

http://pubs.usgs.gov/wri/wri034090/ 5/16/2011



