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1. INTRODUCTION 
This report describes the current state of the fourth Thrust Area 

of the NSF Science and Technology Center for the Sustainability of 
Semi-Arid Hydrology and Riparian Areas (SAHRA) . Sustainability of 
semi-arid regions has become a serious political and scientific concern. 
Increasing population has added stress to the water supply and other 
natural resources, notably, underground aquifers. Recent controversies 
in the Rio Grande Basin involving the competing interests of endan- 
gered species and humans for water have highlighted the delicate bal- 
ance of biologically diverse southwestern riparian areas. Potentially, the 
warming climate may intensify summer storms and affect the amount 
and timing of snow melt, the largest renewable source of water in the 
southwest. It is, therefore, of great political, social and scientific in- 
terest to determine ways in which human activities can coexist with 
healthy riparian areas and a plentiful, clean water supply over the long 
run. 

An understanding of how all of these processes interrelate would al- 
low regional decision-makers to consider a wide range of options and 
thereby develop useful plans for meeting societal needs. To make the 
best use of limited fresh water resources, decision makers must be able 
to make predictions about the entire hydrologic cycle, which is a com- 
plex combination of physical, chemical, and biological processes. Only 
then could they explore the potential effects of increased water use and 
of changes in the regional climate. The important processes in the hy- 
drologic cycle include rainfall, snowmelt, storms, runoff, and flow in 
ephemeral streams, rivers, and underground aquifers. Riparian com- 
munities and evaporation play key roles in reducing the available water. 

This research is supported by the Department of Energy, under contract W- 
7405-ENG-36. 
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canopy, surface water and soil water transport, and flow in the u p  
per layers of the saturated aquifer. Currently, the atmospheric model 
(RAMS) provides precipitation, temperature, vapor pressure, solar ra- 
diation and wind data to the surface hydrology model. The surface 
hydrology component uses predictions of the meteorological variables 
and precipitation from RAMS simulations to partition precipitation 
into evapotranspiration, soil water storage, surface runoff, and sub- 
surface recharge. The surface hydrology model provides mass fluxes 
to the subsurface hydrology model which predicts infiltration into the 
unsaturated soil layers, recharge to the groundwater, and saturated 
groundwater flow. 

Parameters such as precipitation and temperature that are calcu- 
lated by RAMS on a five-kilometer grid, must be disaggregated onto 
the 100-meter grid on which the surface hydrology calculations are 
performed by LADHS. This process is called "down-scaling" and we 
utilize a statistical (as opposed to a physical model-based) approach to 
accomplish the task, [Campbell, 19991. T h e  basic algorithm is a linear 
prediction model similar to the geostatistical technique known as krig- 
ing. This flexible algorithm makes use of the spatial autocovariance of 
the phenomena being studied, can incorporate spatial trends such as 
fixed effects, and can treat covariate (like elevation) as random effects. 
Prediction of covariate effects can be biased to reflect the vertical trend 
of a variable calculated by RAMS, and conservation of means or totals 
within RAMS cells can be enforced. 

A central feature of LADHS is the parallel nature of the simulation. 
This allows the hydrological computation to occur simultaneously over 
a given number of sections of the physical grid. For current simulations 
of the Upper Rio Grande Valley, the grid is composed of 100 meter cells, 
covering an area 255 km wide by 365 km long. The grid is divided 
into 25 smaller cells which run on separate processors. Therefore the 
small cells measure 51 km by 73 km, and computations are performed 
independently on these grids. Data is then passed between processors 
by the Message Passing Interface (MPI). Parallel processing increases 
the speed of this large computation dramatically. 

In summary, LADHS is a fully coupled, integrated, hydrologic model- 
ing system which predicts many aspects of the hydrologic cycle includ- 
ing atmospheric and climate effects, surface runoff, infiltration, evapo- 
ration, and groundwater flow. LADHS utilizes statistical techniques for 
managing data and parallel processing for increasing the computational 
speed. 
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is called to down-scale the atmospheric data calculated by RAMS and 
used as input to LADHS. 

4. FLOW MODELS 
The subroutine Calc-grid.hydro-flux called in Time-step contains all 

the commands for calculating fluxes within each of the three regions: 
surface, vadose zone, and groundwater zone. In order to maintain 
numerical stability, the time step is reduced if the calculated fluxes are 
too large. In this section, we describe the purpose of each subroutine 
involved in calculating flux and the data flow between routines. The 
data flow is diagrammed in Figure 2. 

The main routine, Calc-grid-hydro-fluz, calculates water velocity and 
flux in the saturated subsurface zone, the vadose zone and the surface 
water zone. It also calculates the change in storage within each zone 
due to horizontal mass flux and vertical infiltration. In particular, this 
routine reads in the processor id number and the time step and outputs 
the velocities ( s u h ,  I ,  surv), the fluxes ( Q g  and Qs),  and the change 
in storage per time step (SQg and SQs). 

4.1. Surface Water Modeling. Calc-grid-hydro-flux calls the sub- 
routine Calc-Qs which calculates surface fluxes and ensures that they 
are small enough to satisfy numerical stability conditions. Calc-Qs, in 
turn, calls the subroutine Grid-@ which updates the ghost cells in each 
small grid, and fills the outside edges of the large grid with data from 
the interior two rows. Then Grid-@ calls a series of subroutines to 
calculate the surface velocity. First, it calls Gradient-sub which calcu- 
lates the pressure head gradients in the surface water. Second, it calls 
Slopef which calculates the friction slopes (the gradient of the depth 
of surface water) to find the direction of flow. Third, it calls Surf-v 
which calculates the surface flow using Manning’s Equation which is 
based on the Manning roughness coefficient (n) , the friction slopes (s) , 
and the depth of surface water (d): 

This series of routines results in the horizontal surface velocities (surv_lr: 
and surv-y) and the mass fluxes (QSS and Qs-y). 

4.2. Vadose Zone Modeling. Calc-grid-hydro-flw also calls the sub- 
routine Calc-infiltration which calculates vertical infiltration into the 
unsaturated zone and if there is no infiltration, it calculates the ground- 
water recharge rate. Calc-infiltration calls Grid-infiltration which, for 
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the interior two rows. Then Grid-Qg calls a series of subroutines to 
calculate the groundwater velocity. First, it calls Gradient-sub which 
calculates the pressure head gradients in the groundwater. Second, it 
calls Surf-v which calculates the saturated flow using Darcy’s Law: 

(3) 
where I C ,  is the saturated hydraulic conductivity and h, is the ground- 
water head. This series of routines results in the horizontal subsurface 
velocities (subvx and s u h - y )  and the mass fluxes ( Q g x  and Qg-y). 

5. MASS BALANCE MODELS 
In the Subroutine Cult-grid-hydro-flux an initial measure of the change 

in storage in each of the hydrologic regions is taken. Essentially, the 
horizontal inflow and outflow is calculated based on the mass flux in 
the surface and groundwater regions. Grid-SQs calculates the change 
in surface water storage over a time step by subtracting the horizontal 
mass outflow and the water vertically infiltrated into the subsurface 
and adding the horizontal mass inflow to the surface water levels. Sim- 
ilarly, Grid-SQg calculates the change in groundwater storage over a 
time step by subtracting the horizontal mass outflow and adding the 
horizontal mass inflow to the groundwater table. These routines output 
the change in storage terms, SQs and SQg. 

MASS BALANCE SUBROUTINES 
I I 1 
I I Mass-hy dro-balance I 

FIGURE 3. Muss-hydro-balance routines 

Muss-hydro-balance is the main subroutine for enforcing mass bal- 
ance. By calculating the change in mass in each hydrologic region, the 
exchange fluxes (fluxes between regions) and new water levels can be 
determined. If the recharge rate, R is non-zero, then Mass-hydro-balance 
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