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INTRODUCTION 

Recent advances in Digital Elevation Model @EM) data availability and topographic 
analysis have enabled us to develop an Automated Land Analysis System (ALAS). A L A S  
is based on a series of codes which deternine topographic and hydrologic CharacteIistics at 
each pixel, watershed, and each large scale cell. The input requirements are a DEM from 
any location in the world, it's resolution, and array size. A Motif accessed script reads in 
these inputs and generates a series of data sets which further describe the watershed 
properties (e.g. flow directions, hydrologic characteristic probability density functions, 
etc.). Postscript fdes and arrays indicating the fine river networks and each subcatchment, 
as well as numerous other properties, are produced and catalogued. 

The motivation behind the development of ALAS is a direct response to the 
conceptualization of convergent scales between hydrologic and atmospheric models as 
defined by the World Climate Research Programme. The remainder of this paper highlights 
ALAS components, capabilities, and provides some discussion on its applications. 

THE AUTOMATED LAND ANALYSIS SYSTEM (ALAS) 

The Automated Land Analysis System is an outgrowth of specialized land surface needs 
related to surface hydrologic simulations at scales from the smallest subcatchment (tens of 
meters) to general circulation model grid scales (hundreds of kilometers). The main 
components of ALAS a ~ e  a set of executables that provide the land surface analysis and 
visualization. The codes in which the executables are based, is partly from the USGS 
(Jenson and Domingue 1988) and numerous codes developed by the author. The 
visualization is based on a series of procedures written in the Interactive Data Language 

A separate homogeneity testing algorithm (HTEST) is also included in ALAS. HTEST is 
an objectively derived dynamic adaptive gridding technique that depends only on the 
available temporally and spatially varying input data (Miller 1993a). "his technique can be 
applied initially and can be used to update and reformulate grids at a specified time. 

The prototype version of ALAS has two control settings, totally automated and semi- 
automated. The totally automated version requires only the input DEM array (NetCDF 
fonnat), the resolution, and the geographic location. The automated version produces a set 
of output arrays for the domain being represented by the DEM: surface topography for each 
grid cell, flow direction based on eight compass points for each cell, river networks, 
watershed and subwatershed areas, a hierarchically nested watershed and subwatershed 
numbering scheme, hydrologic characteristics for each grid cell (the natural logarithm of 
the upstream flow a'rea above a specific grid cell divided by the tangent of the slope of the 
specific grid cell), and probability density functions representing the hydrologic 
characteristics for each subcatchment. The semi-automated version requires a series of 
restarts and produces the same set of outputs. An ALAS user's manual is currently being 
Prep@- 

The visualization and postscript generation component of ALAS has been given the name 
Auto-Graph. Development of the procedures is based on the Interactive Data Language 
(Research Systems Incorporated 1993). Auto-Graph has the capability to provide on- 



screen, interactive visualizations of all output data arrays. These color images are then 
turned into postscript files and are catalogued for later use. Auto-Graph is flexible in the 
sew that it can be modified for specific needs and set up to display regional boundaries for 
any location in the world. 

ALAS has been used to delineate California watersheds and provide hydrologic 
characteristic information to provide input to our Coupled Atmosphere Riverflow 
Simulation (CARS) system. We have successfully simulated precipitation and river flow 
over the Russian river watershed during the winter 1995 s e w n  with 90% accuracy during 
the flooding periods (Miller and Kim 1995). 

The homogeneity algorithm (HTEST) is a multi-dimensional array decomposition and 
grouping scheme (Miller 1993b, Miller 1994). HTEST is important for several reasons: it 
provides an objective and dynamic capability for determining subregions of homogeneity 
within a heterogeneous domain, it can reduce computation time by an order of magnitude, it 
provides a new approach toward dynamic adaptive gridding, and HTEST can be used as an 
information filter though the adjustment of the user controlled threshold criteria. The 
essence of HTEST is provided in Fig.1 (Note: Only one figure is provided in this paper 
due to page limitations. For more details, see references or contact the author.). Fig. l a  
represents four neighboring large scale grid cells with heterogeneous fine grid information. 
I€I'EST provides a means to accurately represent the fine grid information on the large scale 
in a computationally efficient fashion. An objective searching procedure systematically 
identifies frne grid cells with homogeneous characteristics that share an edge, but not 
strictly a corner (e.g. a topographic saddle point). Fig. l b  indicates the formation of 
homogeneous blocks based on the search. Each block consists of adjacent homogeneous 
neighbors from the same row or column. From the blocks, groups are produced (Fig. IC 
and d). Each homogeneous group is nested within the large scale grid cells. Finally, group- 
sets are formed based on a hierarchically higher level search pig. le and f). The search for 
group-sets is identical to the search for blocks, however this search crosses large scale cell 
boundaries. 

The transition from many large scale cells, each with an m by n fine grid array to group- 
sets, represents a potential order of magnitude reduction in computational time. The large 
scale and fine scale grid structures are preserved, while group-sets provide the same 
information. Each group-set contains imbedded arrays which provide information on the 
characteristics, fine grid locations, and other required information that the user may 
specify. 

H" has been applied to the determination of the sensitivity of surface heat and moisture 
fluxes due to topographic slopes and azimuth (Miller 1995). A set of topographic 
characteristics based on two degrees of freedom, slope and azimuth, are specified. 
Homogeneous groups are formed (e.g. adjacent fine grid cells of the Sierra Mountains with 
the same slope and azimuth) and each group is coupled to the Biosphere Atmosphere 
Transport Scheme (Dickinson et al. 1986) for the computation of surface energy balances. 
Latent and sensible heats are resolved for each group and then area weighted for the entire 
large scale domain. For an assumed evergreen vegetation in the Sierra, flat horizontal 
fluxes (the standard present day assumption for large scale calculations) overpredict 
diurnally integrated, areally weighted sensible heat fluxes by 5 to 10% and latent heat 
fluxes by 1 to 2%. 

CONCLUSIONS 

We have developed an Automated Land Analysis System (ALAS) with Automated 
Graphics (Auto-Graph). ALAS and Auto-Graph scripts are accessed from a Motif X- 
Window system which will easily incorporate other pre-existing Motif based tools. ALAS 
will act as a local platform to tie in to static and dynamic data, including GEWEX data, Soil 
Conservation Service data, etc. 



. 

The homogeneity decomposition and regrouping algorithm (HT.EST) is a unique procedure 
for the determination of subsets of common characteristic data. HTEST applications range 
from land surface subgrid sensitivity analyses and fine resolution dynamic testing to 
generic matrix decomposition studies. 

ALAS is currently in it’s prototype stage, however it is expected to be posted on the World 
Wide Web with FIF anonymous and a built-in user’s manual in the near future. 
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Figure 1. The homogeneity decomposition and regrouping algorithm (HTEST). See text for 
discussion. 


