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i. NONDISCRIMINATION STATEMENT

The United States Department of Agriculture (USDA) prohibits discrimination in dl its programs and
activities on the bagis of race, color, nationd origin, gender, religion, age, disability, politica beliefs, sexud
orientation, and marita or family status. (Not al prohibited bases apply to dl programs.) Persons with
disabilities who require dternative means for communication of program informétion (Braille, large print,
audio tape, etc.) should contact USDA's TARGET Center at 202-720-2600 (voice and TDD). Tofilea
complaint, write the Secretary of Agriculture, U.S. Department of Agriculture, Washington, DC 20250, or
cdl 1-800-245-6340 (voice) or 202-720-1127 (TDD). USDA isan equa opportunity employer.
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1. EXECUTIVE SUMMARY

TOPAZ (TOpogragphic PArameteriZation) is aoftware package for autometed andyss of digita
landscgpe topography. A ragter digitd devation modd (DEM) is used by TOPAZ to identify and meesure
topographic features, define surface drainage, subdivide watersheds dong drainage divides, quantify the
drainage network, and caculate representative subcatchment parameters. TOPAZ isdesigned primaily to
a5 with topographic evauation and watershed parameterization in support of hydrologic modding and
andyds A vaiety of geomorphologicd, environmenta and remote senaing goplications can dso be
addressed with TOPAZ. The purpose of thisreport isto provide abrief overview of the methodsused in
TOPAZ; limitations and capabilities of the software; TOPAZ organizetion and operation; input
reguirements and output; and, available documentation.

The ovedl objective of TOPAZ isto provide a comprenengve evauation of the digita landscgpe
topography with particular emphas's on maintaining consstency between dl derived data, theinitid input
topography, and the physcs underlying energy and weter flux processes & the landscgpe surface. TOPAZ
overcomes some limitations of existing DEM processing methods and indudes anumber of new
topogragphic processng features thet are rdevant to hydraulic and hydrologic andyses. Theinterfaceto
other software packages uch as Geogrgphic Information Sysems (GIS) or hydrologic moddsis provided
through generated output files.

Output from TOPAZ consgts of atribute tables and ragters of goetid data Attribute tables provide the
properties of individud channd links and subcatchments, as wel asinformation on the overdl channd
network sructure. Thesetables are for user andyss or input into traditiond distributed hydrologic modds.
Radter dataindude digital maps of the channd network, subcatchments and other spatia topographic and
hydralogic characterigics. TOPAZ does not include radter digolay cgpabilities. The raster magps can be
reedily imported into a user-sdected GISto utilize itsinternd image diolay, data manipulation and rester
dgebrafunctions.



Examples of TOPAZ gpplicationsindude: drainage network generation and wetershed segmentation
(Garbrecht and Martz, 1993; Garbrecht and Martz, 1997a; Garbrecht and Martz, 1997b); andyss of
DEM resolution on generated network and subcatchment characteridtics (Garbrecht and Martz, 1994,
Bingner e d., 1997a); flownet generation and subcatichment parameters quantification for the Agriculturd
Non-Point Source modd (AGNPS) (Bingner & d., 1997b); and, ahydrologic modd interface between
TOPAZ and the SLURP hydrologic modd. Theinterfaceis digributed with the SLURP modd and hes
been goplied for irrigation sysem development in Turkey and for the andyss of scaing effectsin the
Canadian GEWEX research program (Pietroniro et d., 1998; Lacroix and Martz, 1998).



2. INTRODUCTION

Topography isimportant to the description, quantification and interpretation of many biosphere processes
Examples of such processesin thefidd of hydrology indude surface runoff and water Sorage, energy
fluxes, evgpo-trangpiration, soil eroson and snow metamorphoss Extracting topographic informetion for a
watershed by traditiond, manua techniques can be atedious, time consuming, subjective, and eror-prone
task, particularly for large watersheds. Research over the past decade has demondrated the feesihility of
extracting topographic information directly from raster Digitd Elevation Modds (DEM). Inthefidd of
water resources and hydrology, autometed evauaion of DEMs has focused on watershed segmentation,
Oefinition of drainage divides and identification of the drainage networks. This automeated extraction of
network and subwatershed properties from DEMSs represents a convenient and rgpid way to parameterize
awderdhed. Theincreesng commerad avallaaility of DEM coverage for many aress of the United States
and advancesin DEM processng makes an automeated gpproach to watershed parameterization apractica
and ussful dterndtive to manud techniques. Automated techniques dso have the advantage of generding
digitd datathat can be reedily imported and andyzed by Geogrgphic Information Sysems (GIS).

The TOPAZ software (TOpographic PArameteriZation) isadigitd landscgpe andysistod that provides
comprehengve processing and evauation of raser DEMsto identify topographic features, measure
topogrgphic parameters; define surface drainage; subdivide watersheds dong drainege divides, quantify the
dranage network; and, ca culate representative subcatchment parameters. TOPAZ emphasizes
congstency between dl derived data, the initid input topography, and the physics underlying energy and
water flux processes & the landscape topogrgphy. The primary objective of TOPAZ isto support
hydrologic modding and andyds, but it can dso be used to address avariety of geomorphologicd,
environmental and remote senang goplications TOPAZ isnot aGISin the treditiond sense, butisa
sysem of software programs that performs numerica processing of raster DEMs and produces a number
of datalayers and dtribute tables. Datalayer dgeoraand monitor digolay capabilities are not induded in
TOPAZ. For suchfunctions TOPAZ rdieson a us-sHected GIS. Theinterfaceto aGISis provided
through generated radter files

The purpose of thisreport isto provide an overview of the fundamenta concepts, capabilities and
limitations of the software; underlying methods and modds; organization and operdtion of the software:
input requirements and output; and, available documentation.



3. FUNDAMENTALSAND PROGRAM CAPABILITIES

3.1 Fundamenta concepts

The DEM processng in TOPAZ (TOpographic PArameteriZation) is basad on the D8 method, the
downd ope flow routing concept, and the critical source area (CSA) concept. The D8 method (Douglas,
1986; Fairfidd and Leymarie, 1991) defines landscape propearties for each individud radter cdl by the
evauation of itsdf and its 8 immediaidy adjacent cdls The downdope flow routing concept definesthe
drainage and flow direction on the landscape surface as the segpest downd ope path from the od| of
interest to one of its 8 adjacent cdls (Mark, 1984; O'Cdlaghan and Mark, 1984; Morris and Heerdeger,
1988). The CSA conoept defines the channd s draining the landscape as those rager cdlsthat have an
upstiream drainege area gregter then athreshold drainage areg, cdled the criticd source area (CSA). The
CSA vdue defines aminimum drainege area bd ow which a parmanent channd is defined (Mark, 1984;
Martz and Garbrecht, 1992). The CSA concept controls the watershed segmentation and dl resuiting
spatid and topologic drainage network and subcatchment characteridtics.

These methods and concepts have been gpplied previoudy in DEM processing dgorithms (above
references and: Jenson and Domingue, 1988; Martz and DeJong, 1988; and others). TOPAZ builds upon
and extendsthet work. A number of the limitations of previous work with respect to drainage identification
in depressons and over flat surfaces have been overcome in TOPAZ, and anumber of new fegtures have
been added to address specific hydrologic and hydraulic needs (Garbrecht and Martz, 1996). TOPAZ is
designed to provide interrd ated landscgpe andyss functions and to rdy on an externd, user sdlected GIS
for imege display, aswdl asfor additiond data manipulaion and raster dgebra operations. Within this
generd framework, the digitd devation datais processed in TOPAZ by a system of interdependent
computationd programs. The andytical operations performed by these programs achieve three broad
functions (1) devation data pre-processing, (2) hydrographic segmentation, and (3) topogragphic
parameterizaion.

3.2 Elevaion Data Pre-processng

DEMs commonly contain locdized depressons and flat surfaces, most of which are artifacts of the
horizonta and verticd DEM resolution, DEM generation method, and devation datanoise. These features
are problematic for the downd ope flow routing concegpt on which many DEM processng modds,
induding TOPAZ, are based. Depressons are snks a the bottom of which drainage terminates, and flat
surfaces have indeterminate drainage. Therefore, TOPAZ pre-processes the input DEM to rectify these
features and dlow the unambiguous determination of the drainege over the entire digital landscgpe.
Redtifications made during DEM pre-processing are Srictly limited to cdlls of depressons and flat surfaces
S0 asto minimize the impact on the overdl information content of the devation data



Among the innovative capahilities provided by TOPAZ isthe ahility to disinguish betweentwo types of
depressons Snk-depressions and impoundment-depressons. Sink- depressions are caused by agroup
of ragter cdls a lower devation than the surrounding landscape, and impoundment-depressions are caused
by anarrow band of raster cdlsof higher devation across drainage peths, amilar to an obgtruction or dam
acossadream. Inthelater Stuations, TOPAZ can lower sHected DEM devation vauesto Smulate
breaching of the obgtruction or dam across the drainage path. This removes or reduces the Sze of the
impoundment-depresson. Any remaining depression after the breaching isconddered to be a
drk-depresson. Sink depressons are tregted in the conventiond manner by raising the devations within
the depresson to the devation of itslowest (breached) overflow (Martz and Garbrecht, 1998).

Theflat surfaces produced by this depresson-filling, aswell asthose inherent to the DEM, such asleve
valey floors or plateaus a drainage divides, require further rectification to ensure unambiguous downdope
dranege a evay location inthe DEM. In TOPAZ, thisis achieved through ardief impogtion dgorithm
which takesinto condderation the risng and fdling topogrgphy surrounding the flat surfacesto generaea
redidic, topographicaly condstent and convergent drainage over those surfaces. Arbitrary drainege
direction assgnment is minimized because the topography surrounding the flat surface contrals the relief
impaostion and drainage determinaion. The DEM that has been rectified for depressons and flat surfaces
isthe bassfor dl subseguent topographic evauations (Garbrecht and Martz, 1997a).

3.3 Hydrographic Segmentation

Hydrographic ssgmentation identifies the channd network, the upstream and laterd subcatchments
contributing flow to each channd link in thet network and corresponding drainege divides. The drainege
over the digitd landscape isfirg determined as the Segpest downdope path from each ragter cdl to one of
its 8 adjacent cdls. The upstream drainage area a each radter cdll is then determined using the downdope
flow routing concept, and the channd network is defined as those cdlls with an upstream drainage area
greeter than ausr-defined criticdl source area (CSA) vdue. The ariticd source arealisthe drainage area
a which apemanent channd begins The nework identified in thisway isafully- connected, convergent
and uni-directional downdope channd network.

Oneof severd innovaionsin TOPAZ isthe cgpahility to generate ahydrographic ssgmentation and
channd network with spatidly varying characteridics; that is, the network sructure, drainege dengty and
ubcatchments properties can be different in different parts of thewatershed. This capability is used to
account for spatia variaion in hydrologic controls such as gedlogy, soil type, vegetation and/or dimete,
TOPAZ can d0 prune very short, and likely spurious, exterior channd links from the generated channd
network.



The above capabilities dlow the generation of channd networks of different dengty and resolution to meet
the scae, needs and purpose of a particular gpplication. For example, the same drainage network can

look quite different when examined on topogrgphic maps of different scdles. This different network
dengty/resolution can be reproduced by TOPAZ by dther generating dl large and smdl channds within the
landscape, only the largest channds, or anetwork between these two extremes. Once the channd

network has been fully defined, it is further processad to determine the Strahler order of each channd link
and to as3gn an identification number to each network node and channd link (Garbrecht and Martz,
1997b). Theseidentification numbers are usad to determine the optima routing sequence for cascade-type
flow routing through the channd network (Garbrecht, 1988).

Subcatchments represent the direct contributing drainage aress of the left and right Sde of each channd
link, and of the source node or upstream end of each exterior link or 1<t order channd. Subcatchments
and corresponding divides are determined from the previoudy defined drainage pettern and channd
network. Also, subcatchment identification numbers based on network node and channd link identification
numbers are assgned to provide the topologica reationship between network nodes, channd links and
ubcatchments

3.4 Topographic Parameterization

Topogrgphic parameterization involves measuring avaiely of properties and parameters of the DEM radter
and of the derived channd network, channd links and subcatchments: Spetid parameters, such asrectified
devaions, landscape dope and agpect, drainage pattern, channd network and subcatchment boundaries,
are generdly gored in ragter format and are avalladle for visual digolay usng an externd GIS. On the other
hand, parameters that describe pecific festures of the landscgpe, such as the geometry of achannd link or
ubcatchment, are gored in tabular format. Examples of channd network parametersindude number of
channd links tota channd length, subcatchment areq, drainege dendity and network compaosition
paameters. Examples of channd link parametersindude link length, dope, devation, upstream and laterd
drainege area, and topol ogic connectivity informetion. Examples of subcatchment parametersindude
representative drainage areg, length, dope, agpect digtribution and overland flow digance. A completelist
of computed properties and parameters can be found in the documentation of individua TOPAZ programs.

Redter derived channd networks often contain junction nodes with more then two inflows. Such junction
nodes are referred to as complex junction nodes. Complex junction nodes very sedom occur in nature,
Tributaries joining aman sem gengrdly are spaced dong the main gem, though the Spacing between
junctions can occasondly be smdl. Complex junctionsin generated ragter channd networks can be
common. They aretheresut of alow horizontal DEM resolution thet cannot resolve the spacing between
two or more consecutive tributary junctions, thus lumping multiple junctionstogether intoasinglecdl. A
TOPAZ feature dlows the decompodtion of complex junction nodesinto a sequence of Smplejunction
nodes (only two inflows per junction) a a sub-ragter resolution. The resulting
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channd network is caled abinary channd network because it dways has 2 upgtream inflows per junction.
Thebinary channd network is believed to be a better goproximation of naturd channd networks because it
overcomes the effects of sysematic lumping dueto limited ragter resolution. At the usar's choice,
properties and parameters of the binary channd network and corresponding channd links and
Subcatchments are computed and tabulated in amanner Imilar to thet for the ragter channd network,
channd links and subcatchments.

In addition to computing the parameters of each channd link and subcatchment, TOPAZ evduaesthe
mean and Sandard deviation of these parameters over the entire channd network, aswdl asby Strahler
order. Topaz dso computes the drainage network compaosition parameters. The entire Satistica
evauation is performed for both the raster and binary channd networks.

35 Assumptions and Limitations

Gengrd assumptions and limitations of the D8 method, the downd ope flow routing concept, and the CSA
concent, as described in O'Cdlaghan and Mark (1984), Douglas (1986), Fairfidd and Leymarie (1991),
and Cogta- Cabrd and Burges (1994), apply. Also gpplicable are assumptions and limitations pertaining to
DEM resolution (vertical and horizontal) and finite (raster) representation of landscape devaions. Of
particular dgnificance for TOPAZ are the fallowing four assumptionglimitations

a) the DEM must be of auffident vertica and horizontd resolution to dlow the identification and
parameterization of the channd network, subcatchments and other landscgpe feetures of rdevance;

b) locd drainage and flow direction can adequatdly be defined by 8 directions: 4 diagond to and 4 inthe
principle ragter directions,

C) upstream drainage areas and drainage peaths are adequiately described by downgtream flow routing
from one cd| oilling onto ancther adjacent cdl in the direction of Segpest desoert;

d) thechannd network is adequately described by dl cdlsthat have an upsream dranage aeadbove a
user goedified threshold drainege area, the CSA parameter

€) representative values of didtributed subcatchment properties are quantified based on modd s that define
the reduction of digtributed vaues of the propertiesinto Sngle representative vaues.

The above five assumptionslimitations do nat inhibit the numerica processng of DEMs by software
TOPAZ; they only impact the qudity and usefulness of the TOPAZ produced deta
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Themgor implications of the above four assumptions are discussad in the fallowing:

Assumption &):
Landscape features of rdevance mugt be severd timesthe Sze of a rager cdl to be uniquely
identifigble and lend themsdves to parameterization. For example, DEM devation cannot
represent thalweg devetion of indsed channdsthat are narrower that the horizontd DEM
resolution. Asaresult, computed drainege reflects generd terrain digpodition and not necessaxily
unresolved channd peths, unless both happen to coincide. Also, the geometric characterigics of a
subcatchment cannot be accuratdly estimated if the subcatchment sizeis amdl and the effects of the
finite raster representation sgnificantly impacts the geometric messure under congderation.

Assumption b):
Thedrainage direction a asingle cdl can bein eror by amuch as 225 degrees However, in
dissected landscgpes with convergent drainege patterns, the generd drainage direction over a
digance of :verd cdlsisrdaivey wdl reproduced because drainage paths are defined by
topography and not by flow directionsa asngle cdl. Drainage direction for plane, undissected
hilldopes are the mogt susceptible to larger goproximation erors.

Assumption ¢):
The drainage over the digita landscapeis only suitable for flow andyss usng forward-marching
routing schemes (i.e. kinematic cascade gpproach), and runoff conditions without significant
backwater or tidd effects Assumption ¢) dso alowsfor only one downdream peth out of each
cdl. Therefore, divergent and braided drainage petterns cannot be modded.

Assumption d):
The criticd source area (CSA) defines the beginning of source channds (1< order channdls).
However, the latter often digolay random and syseméic variaions dueto spatid variaionsin
topography, soil, geology and vegetation, among others. The CSA concept cannot acoount for
random variations However, sysematic spetid variaions can be modded in TOPAZ by useof a
didly vaidde CSA parareter.

Assumgption €):
For apaticular digtributed subcatchment property there can exist severd different representetive
vaues depending on the modd sdlected for reducing the didtributed vaues of the property into a
representative vaue. The user must select the modd thet is condstent and vaid for hisher
particular goplication. The usar should dso be aware of the magnitude of the differencein
representative val ues due to dterndive property reduction modes

12



An additiond assumption istha depressons and fla surfacesin the digital |andscgpe are spurious and can
be rectified to dlow an unambiguous determination of downdope drainage (assumption ©). Therefore,
landscape drainage properties associated with true depressons (or lakes) at the battom of which
downdope drainage terminates cannot be generated directly.

Asareault of assumptions @), b) and ¢), the landscape under consderation must be dissected by channels
and display sufficient rdief to define downgream flow paths Also, the DEM mugt be of aufficient
resolution to adequately define these drainage feetures. In generd, the data produced by TOPAZ
adequatdy represents mogt natura landscapes given aufficdent DEM resolution. Man mede drainage
featuresin naturd landscapes can be evauated if they are incorporated into the DEM devaions

13



4. TOPAZ SOFTWARE

TOPAZ (TOpographic PArameteriZation) Vears 3.1 iswrittenin ANS sandard FORTRAN 90.
TOPAZ can be gpplied on most computer platforms, and, provided sufficent memory isavailable, can
eedly handelarge DEMs. This section briefly describes each TOPAZ program, the organization of the
programs, hardware/software requirements, input requirements and output, and the Satus of code and
documentation avalahility. Tables and figuresreferred to in the following text are reproduced a the end of
this document in Sections 6 and 7, respectively.

4.1 TOPAZ Programs
4.1.1 Program DEDNM

Program DEDNM (Digitd Elevation Drainage Network Modd) reeds and checksthe initid input DEM
data; pre-processes the devation datato rectify depressons and flat surfaces to dlow an unambiguous
definition of downdope drainage; performs the hydrographic segmentation thet defines the watershed
boundary, the raster drainage network and corresponding channd links and subcatchments, assignsthe
channd link and subcatchment identification indices; and, tabulates the channd link and subcatchment
properties and parameters.

4.1.2 Program RASPRO

Progran RASPRO (RASter PROperties) derives additiond spatid landscape information and parameters
from the badc ragters produced by program DEDNM (Section 4.1.1). Examples of ragter information
include, but are not limited to, location and extent of depressons and flat surfacesin the DEM; devation
redassfication into user goecified dasses; dternative evauations of ragter cdl dope and agpect; digances
to the next channd and to the watershed outlet; devation drop to the next channd and to the watershed
outlet; enhancement of the visudization of channd network and drainege divides, and, aggregation of all
subcatchments draining directly into one channd link into asingle direct contributing areafor that channd
link.

4.1.3 Program RASFOR
Program RASFOR (RASter FORmatting) isarager reformetting utility. It reeds the unformeatted ragter
files produced by programs DEDNM (Section 4.1.1) and RASPRO (Section 4.1.2), and reformats this

rager datainto ether ASCII or GIS spedific files Theimplemented formats at thistime aretwo ASCII
formats (1-D and 2-D), and two GIS formats (IDRISI and ARC/INFO).

14



4.1.4 Progran RASBIN

Program RASBIN (RASter to BINary network) trandforms aragter based drainage network definition into
abinary (2 inflows per junction) drainage network definition by decomposing complex junction nodes into
assquence of ample junction nodes (2 inflows per junction); assigns channd link and subcatchment indices
to the binary network; computes the optima sequence for cascade-type flow routing through the binary
network; and, tabulates the channd link and subcatchment properties and parametersfor the binary
network.

4.1.5 Program NSSTAT

Program NSSTAT (Network and Subcaichment STATIdics) computes the mean and Sandard deviation
of the channd link and subcatchment properties for both the raster and binary channd network. Program
NSSTAT aso computes subcatchment and channe network properties and parameters such aswatershed
drainege area, number of channd links, drainege dendty and network composition paraneters.

4.1.6 Program PARAM

Progran PARAM (PARAMéerization) computes representetive subcatchment properties and parameters
from the ragters produced by programs DEDNM (4.1.1) and RASPRO (4.1.2). Examplesare
representative dope dterndives, overland-flow trave digance, and agpect digtribution for subcatchments.

4.2 TOPAZ Organization

The TOPAZ programs are interdependent in as far asthe output of one program is used asinput into
another (Figure4.1). The exception is program DEDNM which accepts only user provided data and does
not depend on input from any other program. Because of program interdependence, the sequencein which
the programs are executed isimportant for proper TOPAZ operaiion. Program DEDNM isdways
evauaed firg followed by ether of the three programs RASBIN, RASPRO or RASFOR, asindicated by
thearowsin FHgure4.1. If the user choosesto exerdse program RASPRO, then program RASFOR
should be executed after program RASPRO. Similarly, program NSSTAT can only be usad when
program RASBIN has been executed. Program PARAM execution depends on output datafrom
programs DEDNM and RASPRO and cannat be executed until the latter two have been executed. The
arowsin FHgure 4.1 define the data flow and can be used to identify modd execution sequences.
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4.3 TOPAZ Hardware/Software Requirements

TOPAZ Vers. 3.1iswrittenin ANS sandard FORTRAN 90. The coded and executable versons of the
software are provided to the user. The coded verson must be compiled by the user with asuitable
FORTRAN 90 compiler. RAM memory and disk sorage requirements for TOPAZ depend on the Sze of
the goplication DEM. Minimum recommended RAM memary is 8 mega-bytes which is adequate for
DEM ragter of 500 rows and columns or amdler. For goplications with DEMs having over 500 rows and
columns, the Sze of the RAM memory to run TOPAZ can be roughly goproximeted by the fallowing
equation.

MEM = 25*(NROW*NCOL) / 1048000

Where MEM s about the required RAM memoary in megar bytes (+-10%), NROW and NCOL isthe
DEM sze spedified in the program input file. If the user chooses to aggregete or resample the DEM, then
NROW/NCOL refersto the aggregeted or resampled DEM sze. Alterndtively, TOPAZ can be run under
an operding sysem that rdies onvirtud memory methods

TOPAZ runs on most hardware plaforms and it has been indaled on IBM compatible PCs under
MS-DOS, Windows 3.1, Windows 95/98, NT 4.0, workstations with UNIX operaing sysems, and
manframes. The executable verson of Topez is spedificaly for Windows 95/98 environments. Provided
auffident RAM memory and disk dorageis available, it can eesly handle large DEMs. TOPAZ hasbeen
usad with DEMs of up to 2000 by 4000 rows and columns. If RAM memory and disk doregeislimited,
the user can indruct TOPAZ to aggregate or resample the DEM ragter during input of the DEM and run
the gpplication on the reduced ragter Sze.

Disk sorage requirements depend on the Sze of the gpplication DEM and user output options. A rough
egdimate of disk storage for acomplete output can be obtained by the following equetion.

STOR = 200* (NROW*NCOL) / 1048000
where STOR is about the required disk storage in mega- bytes (+-10%) when the user dectsto save dl
output files and NROW/NCOL isthe number of rows/columns of the DEM. If the user choosesto
aggregate or resample the DEM, then NROW/NCOL refers to the aggregated or resampled DEM sze.

44 TOPAZ Input Requirements

TOPAZ requiresinput of the DEM of the watershed, DEM characteristics DEM processing options and
data output options. Mot important for hydrogrgphic landscgpe segmentation
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and channd network generation are two user-provided network parameters: the aritical source area
(C=A), and the minimum source channd length (MSCL). These two parameters contral the topology and
properties of the network and subcatchments generated by TOPAZ. For example, asthe CSA parameter
isincreased drainage dengty of the generated network decreases, and asthe MSCL parameter is
increased short source channds (1 order channels) areremoved. The user can edimate the CSA and
MSCL parameters from maps or

fidd surveys, or sect thar vaue to fit the scdle and resolution of  the particular gpplication under
condderation. Fnetuning of these vaues by cdibration may be necessary to reproduce obsarved soatid
vaiability. Also required isthe identification of the watershed outlet location o that the corresponding
watershed boundary, as well asthe network, channd link and subcatchment properties within this
boundary, can be generated and evduated by TOPAZ. Table4.1 givesagenerd liding of required input
paametersand a detalled liging of individud input parametersis provided in the User Manud.

4.5 TOPAZ Output
The output from TOPAZ congds of report files, evauation files, tables and ragter data

Report files provide asummary of the program execution for eech program. They indude aliging of the
input and user options, the tasks performed by the programs as they are completed, and warning and error
MeSsages.

Evduation files print the results of spedific evauaions such asthe datidics of the channd links or
subcaichments

Tables provide ligs of atributes for channd links and subcatchments. They contain datathet is often
neaded in hydrologic goplications and distributed modds of landsurface- processes A lig of important
channd link and subcatchment propertiestha are generated by TOPAZ isgivenin Table4.2 and 4.3,
respectively.

Ragters represent datalayers of oatid topographic, network and subcatchment atributes. Theseragers
can beimported into aGlSfor display, overlay andyds and further processing. A lig of ragters generated
by TOPAZ isgivenin Table4.4.

4.6 Data Editing and Interface to Other Software

The consgency between derived data, theinitid input topography, and the physics of energy and water
flux processes a the landscape surface is assured by desgning TOPAZ as a Hf-contained sysem that
does not dlow direct data editing or manipulation by the user within TOPAZ. Interface to other software
packages and utilities, such as editors, GIS and hydrologic modds, isthrough externd datafiles only.
Sdection of pertinent dataitems, aswell as restructuring and editing of the deta for ecific goplication,
must be done by the user outsde of TOPAZ.
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4.7 Satus of Code and Documentation for TOPAZ Ves. 3.1

Therdease of TOPAZ Vers. 3.1 indudes programs DEDNM, RASPRO, RASFOR, RASBIN,
NSSTAT and PARAM. TOPAZ documentation indudes this Ovarview, an Inddlaion Guide and aUs
Manud. Themodds, procedures and dgorithms for the raster processing and parameter evauation are
described in thejournd publications. The mod rdevant publications are liged in the reference section (5).

4.8 Lig of changes and additions from the previous TOPAZ Veas 1.22
The mog sgnificant changes and additionsin TOPAZ Vers 3.1 indude

ThisTOPAZ Vers 31isthefirg verson that was written in the FORTRAN 90 software
languege. The basic operaion of thisverson issmilar to TOPAZ Veas 1.22.

The cgpabilities of TOPAZ Vers 3.1 have been increased with the addition of program PARAM.
The expanded TOPAZ cgpabiilities incdude ca culation of representative subcatchment lengths
dope dternatives, areaand agpect didribution.

Radters containing flow trave disance and devation drop have been added.

Array 9ze ddfinition in FORTRANSO is dynamic and isautometicaly assigned by the program. No
user intervention is required.

Sdected dgorithms have been sreamlined and are fader.

The source code must be compiled by the user with asuitable FORTRANSO compiler. An
executable verson of software TOPAZ is mede avallable for Windows 95/98 operating systems.

4.9 Software Avallability

The source code of software TOPAZ and manuas are available free of charge upon written request.
The request should indude:

your name

address

phone

fax

emall

we would gppreciate a brief description of your intended gpplication of TOPAZ

Send request to:

Dr. Jurgen Garbrecht

USDA-ARS Grazinglands Reseerch Laboratory

7207 West Cheyenne S.

El Reno, Oklahoma 73036

Fax: (405) 262-0133 E-Mall: garbrech@grl.arsusdagov
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6. TABLES
Tabledl Genad lig of input datarequired for TOPAZ
Program DEDNM

*** General information
Theinformaion condgs of atitle of the current goplication for printing in outpuit files.

*** DEM rader characteristics

The badc characteridics of theinput DEM cong<t of : optional UTM coordinates if known; number of rows and columns
of theinput DEM; minimum and maximum devation vaues of theinput DEM; devation vauesthat identify indeterminete
devations orientation of the DEM; and, gpproximate or esimated row and column number that defines the watershed
outlet.

*** DEM processing optionsand parameters

Processng optionsindude options for reduction of the input DEM by aggregation or resampling , the smoathing of the
DEM, and, the breaching/depression filling option. In addition, Critical Source Area (CSA) and Minimum Source Channd
Length (MSCL) parameter mugt be provided. A user option isdso avallable to paform adetaled raster qudity
control/error checking.

*** User output options
The user output options define the desired tabular and report output files from TOPAZ.

*** |nput DEM

Theinput DEM isaReder file that contains the devation deta of the DEM in meters. The format of the devation daais
one vaue per record, ordered column firgt, row second. Column firgt, row second meansthat the raster values are
ordered in increasing column number for row 1, followed by those of row 2, .

Program RASPRO

*** Ragter processng options

The user optionsto process ragter dataindude: location and extent of depressons and flat surfacesin the DEM; devetion
reclassification into user specified dasses, dternative evauations of raster cdll dope and aspect; distances to the next
channd and to the watershed outlet; devation drop to the next channd and to the watershed outlet; enhancement of the
visudization of channd network and drainage divides, and, aggregetion of dl subcatchments draining directly into one
channd link into asingle direct contributing areafor that channd link.
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Program RASFOR

*** Rader output options

The input condgs of the selection of the ragter file converson format and the identification of thefilesthet areto be
converted.

Program PARAM

*** QUbcatchment parameterization options

User options indude the calculation of representative areaand dope dternatives and overland-flow trave disance for the
subcatchments

Program RASBIN and NSSTAT

*** No user input required
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Table4.2. Lig of important channd link characteridics provided by TOPAZ.

- Channd link index;

- Index of updream inflowing channd links

- Index of downstream channd link;

- Channd link node code (source, junction or outlet);
- Sequence number of achannd link for cascade type flow routing;
- Strahler channd link order;

- Coordinates achannd link;

- Hevaion of achannd link;

- Chard link length;

- Channd link dope:

- Updream dranage area of achannd link;

- Direct drainage areainto achannd link.

Table4.3. Lig of important subcatchment characteristics provided by TOPAZ.

Therearetwo laierd subcatchments per channd links, and one upstiream subcatichment for source channds (1t order cha

- Subcatchment index;

- Srahler order of the channd link the subcatchment drainsinto;
- Areaof the subcaichment.

- Sope of the subcatchment.

- Mean overland water-flow digance to channd.
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Table4.4. Lig of ragters provided by TOPAZ.

- DEM input devation reder;

- CSA and MSCL input code redter;

- Smoothed DEM devation rager;

- Depressonfilled DEM devation ragte;

- Dranegerectified DEM devaion reder;

- How vector ragter;

- How path definition ragter;

- Updream drainage arearager;

- Dranage network ragter for full coverage;

- Watershed boundary radter;

- Dranage nework within watershed boundary;

- Subcatchment definition redter;

- Depression and flat area definition ragter;

- Reder of devaions redassfied into bands of equd devations,
- Radter of flow vector aspect;

- Reder of terrain aspect;

- Ragter of flow vector dope;

- Reder of hydraulic dope

- Rager of terrain dope;

- Didanceto next downsream channd;

- Diganceto watershed outlet;

- Elevation drop from subcaichment cdl to next downsream channd;
- Hlevaion drop from subcaichment cdl to watershed outlet;

- Reder of enhanced network (for display only);

- Rader of subcatchment boundaries (for display only);

- Aggregated subcatchment definition redter;

- Ragter of aggregated subcatchment boundaries (for digolay only).
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7. HGURES

TOPAZ Programs Order of

Execution

- 1st Level
|

) 2nd Level

A 4

- Jrd Level

FHgure4.1 Dataflow and execution sequence diagram for TOPAZ programs.
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