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Abstract Water flowing over slopes is the dominant mechanism for the
delivery of contaminants to streams. Hierarchical drainage algorithms
capable of deriving the pathways followed by water are not readily
available as spatial algebra primitives in commercial, general-purpose
GIS software. The present work uses the DEDNM software system that
simulates overland flow by extracting drainage network information from
digital elevation models (DEM). Its results can easily be interfaced as
information layers in raster format into a GIS such as IDRISI. A new
algorithm has been developed for use with DEDNM to compute, for each
cell, its terrestrial distance to the first water course. This information can
be applied to assess the vulnerability of stream reaches to surface water
contamination. An example of the results obtained with DEDNM and the
new algorithm interfaced with IDRISI under a Windows environment is
provided. It deals with the distance to water course on a small watershed
supporting intensive agriculture, including livestock breeding operations
and their associated manure disposal problems.

INTRODUCTION

Within the global framework of integrated watershed management, an accurate
representation of the transportation of contaminants from their point of application to
receiving surface waters is needed. Non-point sources, notably those of agricultural
origin are becoming a concern for the long-term quality of the surface water and its
continuing use for different purposes. Therefore, a better understanding of the origin,
transfer and contribution of contaminants to surface waters is necessary.

Researchers around the world are reporting steadily increasing levels of nitrates in
surface and ground waters; they are expressing concern about the accumulation of
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phosphorus in the ploughed layer of over-fertilized plots (Breeuwsma & Reijerink,
1992), making it available to surficial erosion and delivery to running waters where it
may enhance eutrophication.

When monitored river water quality data are observed to exceed allowable limits,
a typical response is to first locate and identify globally problematic subwatersheds,
using municipally aggregated census data on the various land uses and their unit
contributions. Then, via detailed studies, questionable practices at the farm level are
identified to suggest interventions and develop Best Management Practices (BMPs) and
promote the reduction of both contaminant inputs in the terrestrial ecosystem and their
delivery into the hydrographic network. Such vulnerability studies can usefully exploit
GIS information layers such as the slopes, the soil types and the farming practices. They
also require accurate information on watershed boundaries and the slope directions
(aspects) along with the distances the runoff water and its contents will travel. Distance
from the contaminant sources to the first surface water is also an important factor to
consider, as this information is closely related to the delivery ratios of *he various
sources and determine the important riparian buffer zones. This informatio:: :n distance
from a contaminant source to surface water can be automatically extracted trom digital
elevation models (DEM) with the use of specialized drainage algorithms.

¥

THE HORTONIAN DRAINAGE MODEL

Background

A Hortonian drainage model uses elevation to reproduce synthetically the detailed
pattern of overland flow along the path of steepest descent across the land surface. Once
the overland flow pattern has been defined, it can be used to automatically derive,
through various algorithms, upstream catchment areas, drainage network, subwatershed
-boundaries, overland flow distances and other hydrologically meaningful variables
(Martz & Garbrecht, 1993).

Three general classes of DEM are recognized, and techniques for basic Hortonian
drainage analysis have been developed for each. They are (a) the triangular irregular
networks (TIN) used by Vieux er al. (1988), (b) the contour structure used by Moore &
Grayson (1991) and (c) the grid structure used by Fairchild & Leymarie (1991). In this
application we choose to work with the square-grid DEM because its spatial structure
makes it easy to implement in a computer algorithm and to generate output that can be
smoothly interfaced with a raster-based GIS such as IDRISI. The original DEM used in
this analysis was obtained by an interpolation from isoelevation lines printed on
topographic maps, to define the average elevations of square grids of a given size and
orientation. This operation is realized directly within a raster-based GIS.

The DEDNM software system

DEDNM is a drainage analysis software system, written in Fortran 77 and fully
described in the literature (Garbrecht & Martz, 1993; Martz & Garbrecht, 1993). It is
designed for the automated segmentation and parameterization of drainage basins from
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raster DEM of size limited only by the memory limits of the computer. It pre-processes
the input DEM to correct data errors and ambiguities which are particularly common in
models of low-relief landscapes. Basically, it exploits the D8 drainage technique to
derive from the pre-processed DEM the flow direction or aspect encoding at each grid
cell (Fig. 1). It employs this aspect encoding to trace flow paths through the landscape
to find the upstream catchment area at each grid cell and then defines the drainage
network from user-specified threshold catchment area and channel length parameters.
The drainage network is subsequently evaluated to determine the subwatersheds (left and
right bank, stream head) of each network link, to apply consistent numbering and
referencing schemes to the subwatersheds and network links. It also provides
informative reports on the topologic structure which allow the implementation of an
algorithm for optimized cascade flow routing (Garbrecht, 1988).

x 2 3
R AT
4<% >6
B
SRR
! 8 | %

Fig. 1 Aspect encoding of the flow directions using the D8 drainage technique.

The terrestrial transport problem

The quantification of runoff-induced loads originating from various land usages on a
watershed 1s a necessary step in the evaluation of relative responsibilities and the
development of optimal interventions aimed at the reduction and control of non-point
sources of contamination. This terrestrial transport and delivery problem has recently
been called the "missing link" problem (Jolankai, 1992). It can be solved by establishing
relationships between different land uses, crops, practices, fertilization rates, soils,
slopes and their specific regional loading factors and delivery rates into the first
encountered water course. These delivery rates are closely related to the average time
of travel which, in turn, is related to the overland travel lengths from each contaminant
source to the stream channel.

Advance in this field can be achieved by conjunctive use of a GIS and of specialized
algorithms. Due to the diversity of local agricultural, climatological, pedological and
hydrological characteristics, most readily available tools such as AGNPS (Young et al.,
1987) and ANSWER (Beasley et al., 1980), distributed only as compiled software are
very difficult to transpose outside of their development context and, as such, give
generally poor results (Kauark-Leite, 1990). Jolankai (1992) qualifies the terrestrial
transportation of non-point source pollutants as the "missing link problem" in the
evaluation of contributions of all land uses in a watershed to the resulting surface water
quality. Using the mass balance approach, he first estimates the net unit areal loadings
(kg ha!) of each land-use type for different runoff depths (cm), then following the
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overland flow path of each homogeneous land-use patch, computes the loadings L,
delivered to the river for each meteorological event assuming an exponential decay (first
order reaction kinetics of the transported loads) as:

where

A; = the homogeneous areas of different types j;

v, = the corresponding areal loadings for the event;

ki, =a coefficient related to the local slopes, soils and local physical factors;

=1sa time of travel for the duration of the event.

This is a simple additive model giving no consideration to the state variables
(antecedent concentration levels) where, in the context of a raster drainage model,
delivery rates are clearly function of the raster distance to the water courses, combined
with other local physical factors.

The new DISRIV function

To analyse the contamination from non-point sources of agricultural origin, a new analyti-
cal function (DISRIV) has been developed to work with the DEDNM software system and
to derive the actual runoff distances to rivers. This information, produced for each cell as
a raster attribute, is much more meaningful for hydrological purposes than the one
obtained with the GIS spatial algebra function DISTANCE. Where DISTANCE function
determines the Euclidian distance from each cell to the nearest cell in the hydrographic
network, the DISRIV function uses the aspect codes generated by DEDNM to determine
the overland flow travel distance from each cell to the nearest cell in the hydrographic
network. The outputraster file (DISRIV. OUT3 contains, foreachcell, the travel distances
to the outlet of the watershed. By arithmetical operations with the DEDNM output files,
the total distance to the basin outlet, the distance along stream channels and the distance
over slopes can be extracted. In addition, the partial overland flow distance through up to
four categories of land surface type defined in external raster files can be determined. For
example, given a raster file representing land use in a basin, a cell with a total distance to
the first stream of 12.3 km, could be evaluated to find that 6.1 km of that travel distance
was through pasture, 3.3 km through cereals, and so on. This information provides
seamless integration with GIS, permits the direct application of vulnerability models such
as the USLE equation and allows the efficiency of vegetative buffer zones to be assessed.

These combined results provide useful information comparable to that obtained by
the COST spatial algebra function to assess vulnerable areas. A typical result could be
to evaluate the delivery originating from areas supporting row crops both on loamy soils
and on slopes exceeding 5% to surface waters.

APPLICATION
Case study: the Boyer River

The Boyer River, a small, south bank tributary of the Saint Lawrence River, is located
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45 km southeast of Quebec City. Its watershed covers about 220 km? and contains more
than 300 km of water courses. About 163 km’ are used for intensive agriculture. This
includes 1500 ha of corn, 2600 ha of cereal crops, 10 000 ha of hay and pasture land,
8000 ha of forest and livestock breeding operations with 15 000 cattle, 7500 pigs and
over 340 000 poultry (MAPAQ, 1994). Smelt spawning areas at the function of the
Boyer and the Saint Lawrence rivers have deteriorated lately and intensive agricultural
practices typical of the region have been identified as a possible cause of this degradation
(GIRB, 1995). Because of this, the watershed and its land uses are being studied in detail
under the Canadian Green Plan (Environment Canada, 1995).

Methodology and results

Isoelevation lines at 10 m intervals were digitized from National Topographic Series
(NTS) 1:50 000 topographic maps of the basin and used to interpolate a raster DEM of
315 X 215 cells, each covering 1 ha. The DEM was processed using DEDNM to extract
the drainage network for streams up to Strahler order four. A visual representation of
this synthetic network and its corresponding subwatershed delineation is presented in
Fig. 2. It is compared with the network "blue line" of rivers digitized from the NTS
maps. This figure shows that the agreement between the true and the synthetic network

Generated channels and watersheds Digitized hydrographic network

eutlet

Order Mumber Length(m)

Gt-der Nunmber Length{m) 1 18 w4672

1 18 468454

2 9 12913 2 [} 8999
3 3 8557 3 8 19771
L] S 22060 4 S 33154

Total 3 98374

Gnd@Nonh
Meters

500000

otal 35 106596

Gnd @ North

Meters
A ——

5000.00

Fig. 2 Comparison of the Boyer river channel network generated by DEDNM and
digitized from the "blue line" rivers extracted from the NTS maps (1:50 000).
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is good, even if some low order ditches are not precisely located, due to the inaccuracy
of the original NTS maps and the derived DEM and to the artificial digging that has
occurred on the watershed.

The DISRIV function was applied to the DEDNM output and its results compared
with those of the GIS spatial algebra function DISTANCE. The DISTANCE function
determines the Euclidian distances from each cell to the nearest cell in the hydrographic
network. The DISRIV function, on the other hand, uses the aspect codes generated by
DEDNM to determine the overland flow travel distance from each grid cell to the
nearest cell in the hydrographic network. The results, presented in Fig. 3, show a major
discrepancy between the distance values generated by the DISTANCE and the DISRIV
functions. On average, the DISTANCE values are 35% less than those given by
DISRIV. For some of the most distant cells, the discrepancy is up to 98%. This
discrepancy is very significant for hydrological studies that are generally concerned with
overland travel distance of runoff.

Overland flow distance Euclidian distance to watercourse

NEEBERU

Fig. 3 Comparison of the overland flow distance generated by DISRIV and by the
spatial DISTANCE function of the GIS.

Other possible developments

Used with a raster GIS, the drainage information provided by DEDNM and DISRIV can
be exploited for numerous applications. In quantitative hydrology, Maidment (1993) has
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shown that incremental drainage areas of a watershed can be used to derive a unit
hydrograph as water surface velocity is related to land cover and slope. This is obtained
by a function of the form V = a s? (Sircar et al., 1991), where s is the local slope and
a and b are coefficients related to land uses and soil types (McCuen, 1982) and
determined following the USDA Soil Conservation Service curve number (CN) tech-
nique. In qualitative hydrology, Boies er al. (1993) have shown that the efficiency of
riparian vegetative strips in regulating the delivery ratio to surface waters depends of the
width of the buffer and a coefficient related to the local slope, soil type and vegetation.

CONCLUSIONS

DEDNM has been developed as a software system able to derive from a DEM a
synthetic raster representation of the surface drainage characteristics (hydrographic
network and subwatershed boundaries). As an open software, its basic version aimed at
a topographic representation of hill slopes, can be complemented with new specialized

- algorithms providing information on the surficial transport mechanisms within the
watershed, both for water and contaminant transport to the river network, taking full
advantage of the information stored in a GIS and of its analytical capabilities. Such
coupling of a drainage model and of a GIS is very useful to provide the bases for mass
balance models (fertilizer inputs, accumulation and transformation in the till zone, losses
to groundwater, exports by the harvests and delivery to the water system) representing
the functioning of a small agricultural watershed.
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IDRISI for Windows couples the extensive
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access all raster graphic displays and printers (color
and monochrome) supported by the Windows system.
Anaiytical operations support full multi-tasking. The
system also supports muRtiple map windows with full
multi-layer map composition capability. A fully
context-sensitive help system is incorporated.

IDRIS! is the industry leader in raster analytical
functionality covering the full spectrum of GIS and
Remote Sensing needs from database query, to spatial
modelling, to image enhancement and classification.
Special facilities are included for environmental
monitoring and natural resource management,
including change and time series analysis, mulli-
criteria and multi-objective decision support,
uncertainty analysis (including Bayesian and Fuzzy Set
analysis) and simulation modelling (including force
modelling and anisotropic friction analysis). Yet,

for Windows

despite the highly sophisticated nature of these
capabilities, the system is as easy to use as it is
inexpensive to buy.

Since its introduction in 1987, IDRISI has grown to
hecome the largest raster-based microcomputer GIS
and image processing system on the market. It is in
active use in over 120 countries worldwide by a wide
range of research, government, local planning,
resource management and educational institutions.
Developed by the Graduate School of Geography at
Clark University, IDRISI is supported by a dedicated
full-time staff of development, technical support and
customer service professionals within the Clark Labs
for Cartographic Technology and Geographic Analysis
— one of three centers within the George Perkins
Marsh Institute at Clark.

During its early development, partial support has been
provided by the United Nations Environment
Programme Global Resource Information Database
(UNEP/GRID), the United Nations Institute for Training
and Research (UNITAR), and the United States Agency
for International Development (USAID). Close relations
are maintained with these and many other international
development agencies in the attempt to provide
equitable access to environmental analysis tools.

Run on a non-profit basis, the IDRISI Project is
dedicated to the development and equitable
dissemination of reasonably-priced professional-level
geographic research tools. As a result, a variety of
licensing options are available (with no annual
licensing fee) for both Windows and DOS versions, with
special discounts for non-profit, academic and
government institutions. :

specifications
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Requires Windows 3.1 or a compatible operating system running in 386-Enhanced
mode, including Windows 95, Windows for Workgroups 3.11, Windows NT 3.5, 0S/2
2.2 or 3.0. Requires an 8-bit (256 color) graphics card or higher with a minimum
resolution of 640 x 480 (1024 x 768 or greater recommended). Requires a minimum
of 4 MB RAM (8 MB or greater recommended). An 80386 or higher processor is
required, with math coprocessor support (DX series chip) strongly recommended (SX
chips yield poor performance). Mouse required.

Extensive GIS, Image Processing, Statistical Analysis, Decision Support and Time
Series Analysis capabilities.

Fully compatible with IDRISI for DOS, but with extended features for cartographic
display and database management.

Incorporates special procedures for Multi-Criteria and Multi-Objective Decision
Making, Bayesian Probability Analysis and Fuzzy Set Theory.

Includes a free copy of TOSCA, an MS-DOS interactive digitizing vector editor.
Supports the following digitizers:

KURTA: IS/ONE, XLC

SUMMAGRAPHICS: Summagrid IV, Summasketch Hl
ALTEK: AC31 Lite Line

CALCOMP: Drawing Board I, Drawing Board ill, EstiMat
GTCO: all T5A format boards

Numonics: Grid Master Flexible, Graphic Master |1

TOSCA also-includes a user-defined configuration option for unsupported digitizers.
Accommodates real, integer, byte and run-length encoded data formats simulta-
neously in both ASCI! and binary forms. images up to 32,000 rows by 32,000
columns supported. Supports database files in Access, dBase, and FoxPro.

Supports full geodetic quality georeferencing, including reference ellipsoid, datum,
projection and faise origin specifications.

Includes rubber-sheet transformation and full support for forward and backward
projection using ellipsoidal formulas and geodetic datum adjustment by means of the
NADCON and Molodensky transforms.

Includes over 400 reference system parameter files along with the ability to accom-
modate-any other system based on ellipsoid, projection and datum parameters.

Full vector-to-raster conversion.

import/Export utilities for Arc/Info, ERDAS, MAP, DLG, DEM, TIFF, BMP, DXF, MAP
INFO, GRASS, ATLAS GIS, GEGSPOT and many others.

Includes a flexible interface to desktop publishing and pre-press systems for
professional quality output.

Integrates user-created modules created in any computer language. Sample program
shelis provided.

Supports batch and meta-programming.

Includes software, sample data sets, and a User's Guide with tutorial exercises.



I CORE MODULE'S

| Project Management

IDRISI The main IDRISI menu and interface system.

ENVIRON Changes the prevailing IDRISI operating environment.

LIST Lists the names and titles of all image, vector and values files, as well as all ancillary file types.
DESCRIBE Describes the contents of any image, vector, values or reference system parameter file.

DOCUMENT Creates a documentation file for a new imported data file, or revises the documentation files of an existing data file.

Also supports full file maintenance including copy, rename, and delete. Overwrite protection mode selectable.

] Display
DISPLAY An extensive image and vector display system with full map composition capability. Supports raster image display with up to 15

additional vector and text layers per window. Each layer may use a different symbol/palette file. Supports placeable annotation
elements. Compositions can be saved for later editing. Layers may be interactively hidden or exposed. Layer priority (z-order) is
interactively editable.

PALETTE A full palette editor, including range blend facilities.
Workshop
SYMBOL An editor for the creation and modification of symbol files. For point symbol files, symbol shape, color and size may be modified. For
Workshop line symbol files, line type, size and color can be changed. For polygon symbol files, fill type and color may be modified. For text symbol
files, font, size, form, angle, and color may be changed.
ORTHO Produces a 3-D orthographic perspective plot of surface data with optional draping of a second color image.
VIEW Allows direct examination of the data values in any portion of an image. Output precision is user-specified.
HISTO Produces histograms of image file values. In addition to the graphic output, numeric output includes proportional and cumulative
frequencies along with simple statistics.
STRETCH Produces linear, linear with saturation and histogram equalization contrast stretches in preparation for image display.
| Data Entry
TOSCA An independent universal digitizing MS-DOS program distributed with IDRISI, for vector digitizing.
POINTRAS Point-to-Raster conversion.
LINERAS Line-to-Raster conversion.
POLYRAS Polygon-to-Raster conversion.
POLYVEC Raster-to-Polygon conversion.
INITIAL Initializes a new image with a constant value.
UPDATE Keyboard entry/update of image data. .
EDIT A simple ASCII text editor for use with creating a variety of IDRISI data files. With values files, EDIT creates and maintains proper
documentation files automatically.
ASSIGN Creates an image from an attribute values file by assigning the data values contained in the attribute values file to the cells belonging
to defined regions. ASSIGN can also be used to reclassify integer images.
EXTRACT Creates an attribute values file from an image by extracting a summary of data values found within defined regions. The summary
(minimum, maximum, range, total, mean, or standard deviation) may also be output as a table.
INTERPOL Interpolates a surface from point data using either a weighted-distance or potential surface model.
INTERCON Interpolates a surface from a set of contours by linear interpolation.
DATABASE Provides full access to dBase, Access and FoxPro database files with full SQL query support, add field, and calculate functionality.
Workshop
see also EDIT, UPDATE, RECLASS and COLSPACE.
u Data Reformat
CONVERT Converts between all of the image storage formats supported by IDRISI. Files may be converted to any combination of the byte, integer
and real (floating point) data types and the ASCII, binary and packed (run-length encoded) file structures.
PROJECT Undertakes conversions between reference systems for both vector and raster files. With raster images, a resampling is undertaken

using either a nearest-neighbor or bilinear interpolation. Supported projections include the Mercator, Transverse Mercator, Lambert
Conformal Conic and Plate Carree. By using reference system parameter files, a limitless number of reference systermn conversions can
be undertaken. Full forward and backward transformations are accommodated using ellipsoidal formulas. PROJECT also incorporates the US
National Geodetic Survey's NADCON procedure for converting between NAD27 and NAD83 and the Molodensky transform equations for
all other datums. Over 200 reference system parameter files are supplied with the module, including all US State Plane (SPC) systems for
NAD27 and NADS83 and a complete set of UTM zones based on WGS84 for the northern and southern hemispheres. In addition, users can
construct reference system parameter files for any system based on a supported projection.

UTMREF Facilitates the construction of REF files for the Universal Transverse Mercator system.

RESAMPLE Determines the data values for a rectangular grid by interpolation of the values in a different (and possibly warped) grid. Linear,
quadratic and cubic mappings between the grids are provided, along with nearest-neighbor and bilinear interpolations. Vector files
may also be transformed with this “rubber sheet” procedure.

EXPAND Increases image resolution by pixel duplication.

CONTRACT Reduces image resolution by pixel thinning or aggregation.

TRANSPOS Image transposition by row or column reversal, or by rotation.

CONCAT Concatenates multiple images to produce a larger image.

SUBSET Windows sub-images from groups of images.

POINTVEC Converts an IDRISI raster image to an IDRISI vector point file.

LINEGEN Generalizes vector lines by point selection, low-pass filtering or tolerance band selection.

RASLNVEC Produces plottable vector output from images.




MAKESIG
EDITSIG
SIGCOMP
PIPED
MINDIST
MAXLIKE
COMPOSIT
CLUSTER
LANDSAT
RADIANCE
FILTER

DESTRIPE
COLSPACE
PCA
THERMAL
NDVICOMP

see also

]
RECLASS

OVERLAY

QUERY
AREA

PERIM

see also

n
SCALAR
TRANSFOR

see also

]
DISTANCE
COST
VARCOST

DISPERSE
RESULTAN
DECOMP

SPDIST

PATHWAY
ALLOCATE
THIESSEN

|
SURFACE
GROUP

AUTOCORR
CENTER

CRATIO
QUADRAT
TREND

CROSSTAB
PROFILE
REGRESS
SAMPLE
PATTERN

see also

IMAGE PROCES SN G 1SS

Creates signatures from training sites delineated using DISPLAY.

Edits signatures created with MAKESIG.

A signature comparison utility.

A Parallelepiped classifier.

A Minimum Distance to Means classifier.

A Maximum Likelihood classifier.

Produces color composite images.

Performs unsupervised classification.

Facilitates the downloading of LANDSAT CCT-X data.

Converts raw values to calibrated radiances for LANDSAT images.

Convolves (strictly correlates) an image with a digital filter. Mean, median, mode, edge-enhancement, low-pass, high-pass and user-
defined filters are accommodated.

Removes band striping due to variable detector output.

Performs HLS/RGB color space transformations.

Principal Components Analysis (standardized and unstandardized).

Converts LANDSAT T™M Band 6 raw data to blackbody temperatures.

Composites images (eg. NDVI) using either a maximum value procedure or a quadratic mean.

RESAMPLE, STRETCH, LISTSIG and ERRMAT.

GEOGRAPHIC ANALYSIS NN

Database Query

Reclassifies pixels by equal intervals or user-defined schemes. RECLASS is commonly used as a database query routine by reclassifying
images into Boolean maps of areas meeting the specified conditions.

Undertakes pixel-wise addition, subtraction, multiplication, division and exponentiation of paired images. Maximum, minimum, “normalized
ratio” and “cover” are also supported. On binary images, logical AND and OR operations are supported by means of the multiply and
maximum operation. Other boolean operations are supported through various binary image overlay combinations.

Extracts pixels designated by an independent mask into a sequential file for subsequent statistical analysis.

Creates a new image by giving each output pixel the value of the area of the class to which the input pixel belonged. Output can also be
produced as a table or an attribute values file in a range of measurement units.

Creates a new image by giving each output pixel the value of the perimeter of the class to which the input pixel belongs. Output can also be
produced as a table or an attribute values file in a range of measurement units.

ASSIGN (as an optional reclassification routine), EXTRACT, HISTO and CROSSTAB.

Map Algebra
Adds, subtracts, multiplies, divides and exponentiates pixels by a constant value.
Transforms the attributes of images such as log transformation, using any of 14 operations.

OVERLAY.

Distance Operators

Calculates the distance/proximity of each pixel to the nearest of a set of target pixels.

Generates a distance/proximity surface where distance is measured as the least cost distance in moving over a friction surface.

Computes an anijsotropic cost surface. This module is the equivalent of COST (specifically the COSTPUSH algorithm) except that it
recognizes that frictions may have different strengths in different directions. Frictions are entered as force vectors described by a pair of
images — a magnitude image and a direction image. VARCOST also allows the specification of an isotropic friction image for omni-directional
elements.

A companion module to VARCOST that calculates the dispersion of materials under the influence of anisotropic forces and frictions.
Computes the resultant force vector (as a magnitude and direction image pair) from two input force vector image pairs.

Decomposes a force vector (as a magnitude and direction image pair) into X and Y component images. Also takes X and Y component images
and produces a force vector image pair.

A companion to the DISTANCE module, SPDIST calculates spherical distances on the surface of the earth from designated features using
spherical trigonometry.

Finds the shortest path between one or more specified points and a destination specified as the lowest point on a cost surface.

Performs spatial allocation using either DISTANCE or COST surfaces.

Produces Thiessen polygons (a Voronoi Tesselation) about a set of irregularly distributed points.

Context Operators
Produces slope gradient and aspect images from a surface. Can also be used to create analytical hlllshadmg
Classifies pixels according to contiguous groups.

STATISTICAL ANALYS!S I

Computes Moran's “I” first lag autocorrelation statistic for an image, along with confidence tests. Non-rectangular regions can be
analyzed by defining a binary mask.

Computes mean center (weighted or not) of a point distribution and standard radius (the two-dimensional equivalent of a standard
deviation).

Computes the compactness ratio of polygons given corresponding area and perimeter images.

Computes the density, variance and variance-mean ratio of quadrat cell counts.

Calculates the best fit linear, quadratic or cubic trend surface to a set of irregular cell control points by least-squares procedures.
Produces new images of the trend surfaces in addition to surface statistics.

Performs image crosstabulation and crosscorrelation.

Creates profiles over space or over time.

Performs regression analysis on images or attribute values files.

Creates systematic, random and stratified random point sampling schemes.

Evaluates pattern measures of relative richness, diversity, dominance index, fragmentation index, NDC, CVN and BCM.

HISTO and EXTRACT.




I DECISION SUPPORT N

BAYES Evaluates Bayes' Theorem. Multiple evidence maps (such as that produced by PCLASS) are permitted so long as they are conditionally
independent. Prior probabilities may be input in map form (and thus, like the evidence maps, may vary continuously over space). This
is an extension to what is sometimes called a Bayesian Weight of Evidence Approach. The user can also specify the confidence in the
decision rule, i.e., the belief that the evidence supportive of the hypothesis is truly reflected in the evidence at hand — pfele").

PCLASS Evaluates the probability with which data cells exceed or are exceeded by a specified threshold based on the stated RMS error for the
input map. In Bayesian terms, this procedure evaluates the probability of the evidence given an hypothesis in the form of a threshold
— p(elh).

FUZZY Evaluates the fuzzy set membership values (possibilities) of data cells based on any of three membership functions: sigmoidal, j-shaped

and linear. Monotonically increasing, monotonically decreasing, symmetric and asymmetric variants are supported. Other Fuzzy Set
operations such as CON (concentration), DIL (dilution), AND and OR are covered by the standard modules TRANSFOR and OVERLAY.

RANDOM Creates random images according to rectilinear, normal or log-normal models. This module is particularly important in the
development of Monte Carlo simulations of error propagation.
ERRMAT Produces an error matrix analysis of categorical map data compared to ground truth information. Tabulates errors of omission and

commission, marginal and total errors and selected confidence intervals. Per-category Kappa Index of Agreement figures are also
provided. This module is a substantial revision and replacement for CONFUSE.

WEIGHT Computes a best-fit set of weights by calculation of the principal eigenvector of a pairwise reciprocal comparison matrix in which each
factor in a multi-criteria evaluation is compared to every other factor. Information on consensus and procedures for resolving lack of
consensus are provided.

MCE Computes a Multi-Criteria Evaluation by means of a weighted linear combination of factors, subsequently masked by a set of
constraints. Factor uncertainties are propagated to the result to compute the uncertainty in the suitabilities derived.
RANK Rank orders the cells in a raster image. Ties may optionally be resolved by using the rank order of a second image. Both primary and

secondary ranks may be in ascending or descending order. The procedure is used extensively in optimization problems such as with RECLASS
for single objective decisions and MOLA for multi-objective decisions.

MDCHOICE Resolves conflicts between competing objectives by means of a multiple ideal-point procedure. Axes in the mu1t1 dimensional decision
space can be differentially weighted and minimum suitabilities set for each. Input maps should be standardized either with STANDARD
or by means of the histogram equalization procedure in STRETCH.

STANDARD Converts an image to standard scores.

MOLA An iterative Multi-Objective Land Allocation routine. Input maps are ranked suitability maps such as would be produced by Multi-

: Criteria Evaluation (MCE). The procedure uses a decision heuristic to resolve conflicts and is suitable for use with massive data sets.

see also SAMPLE.

I TIME SERIES/CHANGE ANALY S| S N

TSA A spatial time series analysis procedure based on Standardized Principal Components. Up to 84 input images can be analyzed as a group
with the production of an equal number of resulting components. Loadings graphs are output either as IDRISI profiles or as DIF-
format data files that can be read by virtually all spreadsheet software systems.

DISPLAY Incorporates the ability to sequence through a series of image files with a user-specified time delay between images.

PROFILE Includes the ability to create temporal profiles of up to 15 sites simultaneously from a time series group.

CROSSTAB Includes information on the overall and per-category Kappa Index of Agreement to facilitate change analysis with categorical data.
REGRESS Incorporates the ability to regress images to allow for the adjustment of gain and offset between images in change analysis.
OVERLAY Provides the ability for simple change analysis through differencing and ratioing. Special procedures are incorporated for division by

zero problems.

M PERIPHERAL MODULES

| File Exploration/Conversion

DUMP Displays byte-level contents of any file.

PARE Converts generic files with headers to IDRISI format.

BILIDRIS Converts generic band-interleaved-by-line image files to IDRISI format.

BIPIDRIS Converts generic band-interleaved-by-pixel images to IDRISI format.

VARZFIX Converts variable length ASCII files to fixed length. '

CRLF Adds or removes carriage return and line feed symbols.

FLIP Reverses the byte order of 2-byte integer files.

XYZIDRIS Converts space-delimited ASCII xyz data to IDRISI point file format.

see also SSTIDRIS and CONVERT.

| Import/Export

ARCIDRIS Converts files to and from Arc/Info GENERATE/UNGEN format.

ERDIDRIS Converts files to and from ERDAS “.lan” and “.gis” format.

TIFIDRIS Reads and writes uncompressed TIFF format files.

DLG Scans and extracts features from USGS DLG (Digital Line Graph) files into IDRISI vector format.

DEMIDRIS Reads USGS 1:24,000 and 1:250,000 Digital Elevation Models.

CTG Imports USGS Composite Theme Grid (CTG) land use/land cover data.

MAPIDRIS Converts to and from Map Analysis Package files (both mainframe and micro versions).

OSUIDRIS Converts to and from OSU-Map files.

ODYIDRIS Converts ODYSSEY vector files to IDRISI vector format.

SSTIDRIS Converts raster images entered with a spreadsheet to IDRISI. Can be used to read any ASCII image format with CR/LF characters at
the end of each row.

NEWMOD A program shell to aid in the creation of new modules. Two versions are supplied: one in PASCAL and the other in BASIC.

PALIDRIS Converts palette files between IDRISI/ERDAS/ILWIS and I1AX.

* GRASSIDR Converts raster files between GRASS and IDRISI.

BBKIDRIS Converts National Geodetic Survey Blue Book format to IDRISI.

ATLIDRIS Converts ATLAS BNA files to IDRISI.

DXFIDRIS Reads DXF format vector files.

OUTPOST Creates PostScript output from IDRISI vector files for export to desktop publishing software. Allows for the creation of PostScript
groups based on a sorting of identifiers or of values in an attribute values file.

GSPIDRIS Extracts band interleaved imagery from a SPOT GEOSPOT volume data series. This module also flags the existence of other data in the

GEOSPOT volume which can be imported using another IDRISI module.
SRFIDRIS Converts SURFER GRD data (ASCII format) to IDRISI image format. Also converts IDRISI vector point data to SURFER DAT format.
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P RICE (Subject to change. Current prices effective March 199S.)

{Software (isksize=3-1/2" 1.44M) _ IDRISI for Windows (1.0) { Workbooks !
. . Student Workbook (a) $ 40
Commercial/Private $ 990 (0 (subset of IDRISI manual — primarily
Academic/Non-Profit/Govt. $ 495 (¢) for site license users)
d f letterhead
{send copy of letterhead) UNITAR Explorations in Geographic Information
Full-time Student $ 247.50 (¢) Systems Technology Workbooks:

(send copy of paid tuition bill or official
registration for present semester)

Student Tutorial Version $ 125 (o)
(fully functional, but limited to
restricted image sizes—intended
for instructional use)

Site License call for details
|Technical Support
Basic $ 75
International Extended Service $ 115

(Note: 60 days free service provided with
original purchase. Site license support available—call for details.)

GIS and Decision Making (b) $ 75
: Applications in Coastal Zone $ 75
:IDRISI T-Shirt Research and Management (b)
{Sizes L or XL $16 Change and Time Series Analysis b))  $ 75
2nd edition
Applications in Forestry (b) $ 75

Inquiry Code:

SHIPP|NG AND HANDL'NGt (Per each item. Letter (a-d) after item references shipping code.)

United Parcel Service {Air Mail ; fUnited Parcel Service-International
(allow 2 weeks) | (allow 4-8 weeks) . {Express (allow 2 weeks)
Shipping Code a b c d a b c d b [ d
USA $7 810 S$11 812 Canada $6 $10 S$16 817 Mexico $40 $52 358
Mexico 7 16 25 28 Caribbean Region 38 52 55
Europe 10 24 42 45 Asia 55 65 73
(except France) Europe 46 58 66
France 16 32 58 63 Central America 50 74 79
f Shipping time includes one week for order Central America 9 18 28 30 South America 50 74 79
processing. Please note that all users have the option South America 10 32 58 63 Australia 55 65 73
of express or overnight shipping service. Call for rates. Africa 12 32 52 58 Africa 74 100 107
Australia 14 32 52 58 Canada call for details
Asia 16 32 58 63
YOUR ADDRESS
Name
Institution Department
Address
City State/Province
Country Postal Code (Zip)
Telephone BITNET/INTERNET e
PAYMENT**
Price g?,igepnﬁng Total ; (J Enclosed (check or money order payable to
Clark University)
B O Bill me by purchase order (copy must be attached)
Purchase order number
Q Bill my VISA/Mastercard/Discover
subtotal Number

Massachusetts residents only: 5% sales tax*

TOTAL

*If tax exempt, please supply tax exempt number.

MAIL OR FAX THIS FORM TO:

R S Expiration Date

Signature .

**Prepayment required. All checks must be drawn on a United States bank in United
States funds. Returns not accepted.

The IDRISI Project » The Clark Labs for Cartographic Technology and Geographic Analysis ¢ Clark University
950 Main St. « Worcester ® Massachusetts ® 01610-1477 « USA

Telephone: +1(508) 793-7526 ¢ FAX: +1(508) 793-8842  BITNET: IDRISI@QCLARKU ¢ INTERNET: IDRISI@VAX.CLARKU.EDU






