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1 INTRODUCTION 

1.1 What is a Water-excess Management Computer Model? 

TIns paper descnbes water-excess management models (These are also known as stormwater, hydrologIC 
engmeenng, or flood-control models) The models slffiulate cntlcal processes to proVIde mformatlon for 

• Planmng and desIgnmg new water-control facIlItIes, 
• Operatmg such fact1Itles, 
• Prepanng for and respondmg to floods, or 
• Regulatmg floodplam actIVitIes 

For clanty, we make a mstmctIOn herem between mathematIcal models, computer models (also called programs), 
and apphcatIons A mathematICal model IS a symbohc representatIon of the behaVior of a system For example, the 
combmatIOn of the contmUlty and momentum equatIOns IS a mathematIcal model of flow m an open channel To 
yIeld mformatIon, the equatIOns of a mathematIcal model must be solved If the equatIOns are relatively slffiple, they 
may be solved Wlth pencll and paper and electromc calculator For example, the equatIons of the umt-hydrograph 
model can be solved m this fasmon to premct runoff from a slffiple ram storm On the other hand, if the equatIons 
mcluded m the model are too numerous or too complex to solve With penCIl, paper, and calculator, they may be 
solved mstead by translatmg the equatlons and an appropnate equatIOn solver mto computer code The result IS a 
computer model or computer program When the equatIOns of a mathematIcal model are solved With SIte-specIfic 
1ll1tIal and boundary condItIons and parameters. the model slffiulates the processes and predtcts what Will happen to 
the partIcular system TIns SolutIon With speCIfied conmtIOns IS an appbcatlon of the model An apphcation may 
use a computer model, or It may use the mathematIcal model With solutIOn With pencIl, paper, and calculator 

1.2 Selecting a Water-excess Management Computer Model 

Selection Problem and Solution. Ford and DaVIS (1989) wnte that water-resources planmng and management IS 
slffillar to home lffiprovement In both, the appropnate tool must be selected to solve the problems at hand In the 
case of home lffiprovement, the deCISIon IS what hand tool to use Should It be a hand saw or a cham saw? In the 
case of water management, the declSlon IS what computer tool or model to use Jackson (1982) suggests that to 
select the best model, one should follow the procedure lllustrated by Flgure 1 1 In the case of water excess 
management, the mformatlon IdentIfied m step 1 of thls procedure typlCally mcludes 

• Stream-mscharge tlffie senes or peaks, 
• Volume tlffie senes or totals, 
• River or reservOIr water depth tlffie senes or maXlffiums, 
• Probablhtles (frequenCIes) of extreme mscharge, volume, or depth magmtudes, 
• Inundated-area geometry, 
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• Landform changes due to erosIOn or deposItIOn, or 
• Econonuc, socIal, or envlfonmental costs and benefits of any of these Items 

The remamder of this paper IS devoted to step 2 identl:fYlllg aVailable models that can proVlde this mformanon 

Step 1: Explicitly define the problem 
and specify the information 
required to reach a deCISion 

, , 
Step 2: Identify the available 

models, the information provided, 
and the cost of usmg each 

., , 
Step 3' Rate each model and 

select the most effective 

FIGURE 1.1 Steps in Selecting a Model 

1.3 A Sample of Water-excess Management Computer Models 

Computer models that proVlde the required mformatIOn are descnbed III theses and dissertanons, III project reports, 
and m a number of Journals, mdudmg AGU's Water Resources Research, ASCE's Journal of Hydraubc 
Engmeermg, ASCE's Journal of Water Resources Plannmg and Management, and A WRA's Water Resources 
Bulletm DeVnes and Hromadka (1993), Renard, et at (1982), Larson, et at (1982), WMO (1975), Clarke (1973), 
and others have reVlewed, summanzed, and compared mathematical and computer models for water-excess 
management Here we follow theIr lead, except that we focus on the mformation proVlded, rather than on the 
specific details of the mathematIcal formulatIOn and solutIOn techniques We have selected a sample of the available 
computer models, summanzed m Table 1 1, usmg the followmg cnteria 

• Common usage. The water-excess management computer models descnbed herem are restncted to those used 
commonly by engllleers other than the model developers, as this paper IS wntten Further, the models descnbed 
are those used m a vanety of applicatIOns, rather than III a slllgie settmg Consequently, some models descnbed 
m recent hterature are onutted, and some models used predomlllately by a smgle ennty or III a smgle apphcatIOn 
are onutted 

• General application. The set of computer models revlewed mcIudes only generalized computer models A 
general1zed computer modells one m wInch the characteristIcs of the system (lllltlal and boundary conditlOns, 
model parameters, and management deCISIons) are defined by the user's mput For example, With computer 
model HEC-I, wInch IS descnbed m SectlOn 2, the user defines, Via mput, all pertInent catchment 
charactenstlcs and model parameters, plus the temporal and spatIal wstnbutIon of the ramfall Thus runoff 
from any catchment due to any ramfall event can be estImated Computer models wntten for SIte-specIfic or 
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TABLE 1.1 Computer Models Descnbed in This Paper 

Computer model Wh.t Is modeled Whom to contact What Is avaU.ble 
(primary use) for Informatiob 

en (2) (3) (4) 

HEC-I Catchment runoff US Anny Crops ofEngmeers (USACE) Program U1 FORTRAN, source IS avaJIable PC-versIOn avaJIable 
Hydrologic Engmeenng Center (HEC) DetaJled user's manual avaJIable HEC tecbrucal reports, trauung 
609 Second St documents, and project reports avaJIable HEC dlStnbutes to 
DaVIS, CA 95616 USA US government users Vendors provtde to others for fee, but 
or program IS pubhc domam Program and documentab.on also 
Natloual Tecbrucallnformab.on SetV\ce aVaJ!able from U S Nabonal Techrucal Informabon Semce (NTIS) 
U S Dept of Commerce Trammg avaJlable from HEC (federal) and umvemtles (olber users) 
5285 Port Royal Rd 
Spnngfield, VA 22161 USA 

TR-20, TR-5S Catclunent runoff Soli CorJServatlon Semce (SCS) PC versions ofbolb TR-20 and TR-SS are avaJlable from offices of 
PO Box2890 Ibe Soil Conservation SeMce throughout Ibe US, along WlIb 
Washmgtcn, DC 20013 USA documentation oflbe software Bolb programs are pubhc-domam so 

are avaJIabJe from a vanely of other sources, mcludmg vendolS and 
acadermc msb.tutlons Techmcal reports descnbmg math models are 
avaJIable from NTIS 

SSARR Catclunent runoff USACE The program was developed for and IS used by !be Corps on mamfi:ame 
North Pactlic DIVISion computelS PClworkstab.on versions are available Program user's 
Attn CENPD-EN-WM HES manuals and project reports are avaJlable 
PO Box2870 
Portland, OR 97208-2870 USA 

HSPF Catclunent runoff EnVltonmental Protection Agency (EPA) A PC vernon ofHSPF IS avaJlable, but as Ibe program IS wntJen 
EnVltonmental Research LabomtOlY UI FORTRAN, It may be complied and executed on any computer for 
AtherJS, GA 30613 USA winch a compJler IS avaJIable Documentallon IS avaJIable from EPA 

HEC-2 FluVlll1 HEC (see above) Same as for HEC-I (see above) 

WSPRO FluVlll1 U S GeolOgical Survey (USGS) FORTRAN source code, user's manual, and support documents are 
National Water Inform.b.on Semce .vadable A PC vetSlon IS avadable WSPRO IS available also from 
Water Resources DIVISion vendors 
Reston, VA 22092 USA 

UNET FluVlll1 HEC (see above) Same as for HEC-1 (see above) 

DWOPER flUVIal NOM National Weather SeMCO FORTRAN source code, usets manuals, and reports ofapphcab.ons are 
HydrolOgiC Research Labomtory avaJlable A PC versIOn IS avaJIable from vanous vendors Trammg U1 

1325 East-West Htgbway apphcatlon of DWOPER IS available from vanous wuversltles U1 the U S 
SJlver Spong, MD 20910 USA 

HEC-6 AIIuVlll1 HEC (see above) Same as for HEC-I (see above) 

GSTARS AIIuVlll1 US Bureau ofReclamab.on Program source code, user's manual, and support documents are 
Denver Fedenll Center, Bldg 67 avaJIable Addlb.onal .pphcatlon-support documents are available 
Denver, CO 80225 USA 

TABS-2 AIIuVlll1 USACE Program UI FORTRAN, source IS avaJIable PC version avaJIable 
Waterways Expenment Stab.on (WES) DetaJ1ed user's manual IS avaJIable WES tecluncal reports, trammg 
PO Box61 documents, and project reports available PC verSion avaJlable to pubhc 
Vicksburg, MS 39180 USA from vendors 

SWMM Pressure flow EPA (see above) SWMM IS avaJlable for a vanety of platforms, U1cludlng Ibe PC 
It IS avaJlable from EPA and from a vanely of vendors Complete 
documentab.on IS avaJlable from EPA and Ibe vendors 

HYDRA Pressure flow McTtons Center A PC version of the program IS avaJIable, along WlIb full documentab.on 
UruVetslly ofFlonde HYDRA IS a component ofHYDRAIN, winch IS also avaJlable for the PC 
512 Wetl Hall 
Gamesvi\le, FL 32611-2083 USA 

HEC-FFA Stabsb.cal HEC (see above) Same as for HEC-I (see above) 

)407 Stabsllcai USGS (see above) )407 IS progmmmed m FORTRAN, so It IS avadable for any computer 
for whtch a compIler 15 avaIlable A PC version and docurnentallon avatlable 

EAD Perfonnance REC (see dbove) Same as for HEC 1 (see above) 

HEC-S Perfonnance HEC (see .bove) Same as for REC-1 (see above) 
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problem-specrfic apphcation typlCally do not have such fleXibIlIty Although these specIal-purpose computer 
models may embody the same mathematical models, the charactenstics and parameters typIcally are "hard
Wired" That IS, they are fixed III the computer code An example of such a SIte-specIfic model IS a FORTRAN 
program created by an operatmg agency for repeated forecastmg of flood runoff from a smgle catchment In 
that case, the catchment charactenstics and model parameters Will not change, so these are mc1uded dtrectly as 
a part of the code ThIs makes for efficIent analYSIS, but It llffilts the general utIhty of the computer model 

• Accessibility. The models revIewed are lIffilted to those that (1) are readIly avaIlable to the reader from non
commercIal sources, (2) Will execute on commonly-avaIlable hardware, and (3) have documentation sufficiently 
detailed to permtt use Without specIahzed trammg or consultmg 

1.4 Classification of the Computer Models 

The mformatIOn prOVided by a computer model IS correlated dtrectly With the processes modeled For excess water 
management, the cntlCal processes mc1ude those shown m Table 1 2 

TABLE 1.2 Processes Modeled by Water Excess Management Models 

Process 
1 

Catchment -runoff 

FlUVial 

AllUVial 

Pressure-flow 

Statlstlcal processes 

Description 
2 

These are the processes that govern how precipitatlon that falls on a catchment runs off 
of that catchment Runoff processes mclude evaporatlon, transpIratlon, mfiltratlon, 

percolatlon, mterfiow, overland flow, and baseflow Modehng these processes proVides 
mfonnatlon on stream-dtscharge tlme senes or peaks, and volume tlme senes or totals 

These are the processes that govern flmd flow m an open channel when that flmd IS 
subjected to external forces Modehng these processes proVides mfonnatlon on nver 
or reservOIr depth tlme senes or maximums, and mundated-area geometry 

These are the processes that govern the erOSIOn and depOSItlon of sedtment due to flow 
m an open channel ModelIng these processes prOVides mformatIOn on landfonn changes 
due to erOSIOn or deposItIon, nver or reservOIr water depth time senes or maXimums, 
and mundated-area geometry 

These are the processes that govern how water flows under pressure m closed condmts 
For water excess management m urban settmgs, these processes are often planned to 
functIon as pressure condmts for the deSIgn flow or greater events (ASCEIWEF, 1992) 

PhYSICal, chenucal, or bIOlogICal processes exlubit randonmess and vanablhty that 
cannot be accounted for With models of the behaVIor of a system (Hlrsch, et al, 1993) 
Models of statIstlcal processes recogruze thIs and seek to descnbe the randonmess and 
vanablhty by estabhshmg an empmcal relatIOnshIp between probablhty and magrutude 
A statlstlcal-process model YIelds mfonnatIon on probabilIties assocIated WIth extreme 
dtscharge, volume, or depth magrutudes 

Some computer models focus not on the processes but on system performance, so performance models are mcluded 
m thts paper as an addttIOnal classIficatIOn Performance models may sunulate cntlcal processes as a secondary 
functIOn, but theIr pnmary functIOn IS to use mformatIOn from such a sunulatIOn to evaluate econonuc, SOCial, or 
enVironmental benefits and costs 
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To proVide further detatl, the computer models reViewed herem are descnbed, when appropnate, m tenns of 
addItIonal charactenstics shown m Table I 3 

TABLE 1.3 Additional Characteristics for Model Classification 

Event or contmuous model? 

Measured-parameter or 
fitted-parameter model? 

DIstnbuted or lumped model? 

Complete or partIal model? 

Conceptual or empmcal model? 

Tlus rustmctlon apphes pnmarIly to models of catchment runoff processes An 
event model represents a smgle flood event that occurs over a penod rangIng 
from lnlnutes to days A contlnuous model operates over a long penod, 
predIctlng response dunng and between ramfall events 

This rustlnctlon apphes to all models A measured-parameter model IS one m 
wluch parameters can be detenmned from system charactenstlcs, eIther by 
rurect measurement or by estlmatlon from measurements For example, 
channel cross sectlons for a flUVial-process model can be determmed by 
measurement A fitted-parameter model, on the other hand, mc1udes parameters 
that cannot be measured Instead, these must be found by fittlng the model WIth 
observed values of the hydrometeorologIcal phenomena For example, the 
urnt-hydrograph models have no expbCit phYSIcal sIgmficance, so parameters 
cannot be measured Instead, for a gIven catchment, a urnt graph IS found by 
proposmg model parameters, estlmatlng runoff due to observed ramfall, and 
companng computed WIth observed runoff If the values do not agree, the 
parameters are adjusted to achieve an acceptable fit 

This rustlnctlon apphes to all models A dIstnbuted model IS one m which the 
spatlal VarIatlOns of charactenstlcs and processes are conSIdered exphcltly, 
while m a lumped model, these spatlal vanatlons are averaged or Ignored For 
example, the UNET model accounts for vanatlOns of energy and lnaSS along a 
stream reach, while many of the SImple routlng models m HEC-I account only 
for the vanatlon of mass between the POInts of mflow and outflow from a 
channel reach 

This IS related to the dIstlnctlon between rustnbuted and lumped models A 
complete model represents In detaIl, more or less, all pertment process A 
partial model represents only a pomon of the process For example, HSPF 
attempts to represents all aspects of sod mOIsture, while the loss model of 
TR-55 accounts only for the dlstnbutlon of ramfall volume between runoff and 
loss 

This rustlnctlOn IS based on charactenstlcs of the mathematlcal models 
Included In the computer model A conceptual model IS fonnulated from 
consideratlon of phYSIcal, chenucal, and blOlogIcal processes actlng on the 
system Input to produce the system output An empmcal model, on the other 
hand, IS formulated from observatlon of Input and output, WIthout seekIng to 
represent exphcltly the process of converSlOn Flood-frequency models are 
examples of the latter, wlule HSPF IS an example of the fonner The frequency 
models do not consider the phYSiCal process, wlule HSPF attempts to represent 
mathematlcally the relatlonslup of stlmulus (ramfall) to response (runoff) 
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2 RUNOFF-PROCESS COMPUTER MODELS 

2.1 HEC-1 

Overview. HEC-IIS a smgle-event model that estImates runofffrom preCIpItatIon With a spatially- and temporally
lumped descnption ofa catchment (USACE, 1990b) HEC-l mcorporates a vanety of conceptual or quasI
conceptual mathematIcal models, the user specIfies through mput wmch of these are used Parameters for the 
vanous mathematIcal models also are specIfied by user mput HEC-I mcorporates procedures to estImate 
parameters of most of the runoff models that are mcluded, If proper hydrometeoroiogical data are avrulable HEC-I 
proVides stream-dIscharge tIme senes and peaks, and volume totals for decIsIon makmg 

Mathematical Models Included in the Computer Model. The runoff process, as represented m HEC-l, IS 
Illustrated by FIgure 2 1 

Losses 

Catchment-average Precipitation 
Hyetograph 

Pervious 
Area 

R·R 
Transform 

ImperviOus 
Area 

FIGURE 2.1 HEC-1 Representation of Runoff Process 

The mathematIcal models mcorporated mclude the followmg 

• Loss models. To account for mfiltral1on, depresslOn storage, and other reductIOns m volume of runoff due to 
precipitatlOn on pervtous areas m a catchment, HEC-I offers the alternatIves shown m col 1 of Table 2 1 The 
user may select anyone of these for a catchment For complex catchments that are subdtvided for analysIs, the 
user can select any combmation of the loss models 

• Snowfall and snowmelt models. These models SImulate snowfall formatIOn and accumulatIOn and estImate 
runoff volumes due to snowmelt The snowfall model penruts dIVISIon of a catchment mto elevatIOn zones The 
user specIfies a tIme senes of temperatures for the lowest elevatIon zone, and the model estImates temperatures 
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for all others WIth a lapse rate PreCIpItatIon IS assumed to fall as snow If the zone temperature IS less than a 
user-defined freezmg threshold Melt occurs when the temperature exceeds a user-defined meltmg threshold 
Snowfall IS added to and snowmelt IS subtracted from the snowpack m each zone Snowmelt may be computed 
With eIther a degree-day model or an energy-budget model 

• Runoff transforms. Runoff volumes may be transformed to runoff hydrographs m program HEC-I With eIther 
a UH model or Via solutIOn of the kmematIc-wave slffiphfication of the St Venant equations 

• Baseflow model. HEC-I mcorporates a smgle model of base flow, whIch IS based on the assumptIOn that 
dramage of water added to catchment storage (as soIl mOisture, etc) can be modeled well With an exponential 
decay functIon 

TABLE 2.1 Runoff and Fluvial Process Models in HEC-1 

Loss models 
111 

Irnnalloss & uruform rate 

SoIl Conservanon ServIce (SCS) 
curve number (CN) 

4-parameter exponentIal 

Holtan's 

Green and Ampt 

Runoff transforms 
{2). 

Urnt hydrograph 
Clark's 
Snyder's 
SCS 

Kmemanc-wave 

Routing models 
13>-

Muskmgum 

Kmemanc wave 

Modified PuIs (level pool) 

Muskmgum-Cunge 

In addinon to runoff process models, HEC-I mcludes the flUVial process models shown m col 3 of Table 2 1 for 
routmg hydrographs The user may select anyone appropnate for a gIven stream reach As With other mathemancal 
models mcluded m HEC-I, any combmanon of these may be used Parameters are defined With user mput 
WIth the runoff and flUVial process models used m combmatIOn, large catchments m wluch parameters or 
preCIpItatIOn vary spatially can be analyzed To do so. the catchment IS subdlVlded, the runoff-process models are 
used to compute runoff at vanous locatIOns, and the routmg models are used to account for flow m stream channels 
to common pomts FIgure 2 2 Illustrates tlus approach Fust runoff IS computed for subcatchment 1 With the runoff 
process models The resultmg hydrograph represents the flow at control pomt A Tlus hydrograph IS routed from A 
to B With a flUVial process model The hydrograph of runoff from sub catchment 2 IS computed and added to the 
routed hydrograph Tlus Yields an estimate of total runoff, accountmg for spatial vanatIOn m ramfall and catchment 
charactenstlcs 
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Subcatchment 1 , 

------e----
, Control POint A 

Subcatchment 2 I 

Control Point B 

Subcatchment 
2 runoff 

computation 

Subcatchment 
1 runoff 

computation 

Routing from 
AtoB 

Control Point B 

FIGURE 2.2 Illustration of Complex Catchment Modeling by Subdivision 

Computer Model Input Requirements. To estunate catchment runoffWlth HEC-l, the user must proVIde the 
followmg mput 

• Precipitation. The preClpitatIOn may be proVIded as catchment average depth or as depths observed at gages 
The user must proVIde a temporal wstnbutIOn of precIpItatIOn thts may be the rustoncal observatIOn at a gage, 
or It may be a deSIgn-storm wstnbution 

• Catchment physical characteristics, including characteristics of water-control facilities. The user must 
delmeate catchment boundanes and define, VIa mput, the catchment area If the catchment IS subwVIded for 
analYSIS, the user must define, through the sequence of mput, how the system IS schematized for modelmg If 
the stream system mcludes water-control facIlIties, such as detentIon ponds, the performance-govemmg 
charactenstIcs of these must also be specified 

• Model parameters. The user must speCIfy all appropnate loss-model, runoff transform model, baseflow 
model, and routmg model parameters 

• Simulation specification. HEC-l was deSIgned for maxunum fleXIblhty, therefore, It rehes on the user to 
speCIfy the tune step and duratIOn of the sunulatlOn, subject to constramts unposed by the avaIlable computer 
memory 

Computer Model Output. Output from HEC-l mc1udes the followmg A summary report of the user's mput, for 
each sub catchment, a report of the average-precIpItatIon depth, the loss, and the excess for each sunulatIOn step, 

8 



plus a report showmg the computed runoffhydrograph ordinates, for each stream reach modeled, a report of the 
outflow (downstream) hydrograph ordmates, vanous summary output tables that show the dIscharge peaks and 
tImes of peak at system control pomts 

Applications. The HydrologIC Engmeenng Center (HEC) and US Army Corps of Eng meers (USACE) offices 
natIOnWide have used HEC-l extensIvely, results of these applications are descnbed m reports avaIlable from these 
offices AddItIOnal applIcatIons have been descnbed by Russell, et al (1979), BedIent, et al (1985), Bhaskar 
(1988), and Melching, et al (1991) 

Utility Programs and Specialized Versions. The HEC has developed utIhty programs that sImphfy use ofHEC-
1 or proVide addItIonal capabIhtIes Several are Identrfied m Table 2 2 

TABLE 2.2 Utility Programs for and Specialized Versions of HEC-1 

Program 
1 

HEC-DSS 

HMR-52 

HEC-IF 

2.2 TR-20 and TR-55 

Description 
2 

Tills IS a time-senes database management system (DBMS). It 
creates speCially-formatted random-access files, WIth a illerarcillcal 
system of record names to expedtte storage and retneval of data m the 
files Data m the DBMS may be accessed through a set of front-end utIlIty 
programs that permtt data entry, reportIng, chartIng, and database 
housekeepmg Further, the data can be accessed Via a FORTRAN lIbrary of 
routInes that read, wnte, and otherwIse mteract WIth database files It IS 
through tills lIbrary that HEC-l (and many other models from HEC) 
retneves data from and files data m the database 

Tills program computes catchment-average precIpitatIon for probable 
maxImum deSign storms (PMS), usmg cntena establIshed by the 
NatIonal Weather ServIce (NWS) for catchments east of the l03rd 
mendlan m the Umted States The storm may be used, m turn as mput to 
HEC-l to eStimate the probable maxImum flood (PMF) runoff Tills 
extreme dtscharge IS the baSIS for dam-safety analysIs 

Tills speCialIzed verSIOn ofHEC-IIS deSIgned for real-tIme flow 
forecastIng It mc1udes a subset of the runoff process models ofHEC-I, 
plus algonthms for updatIng model parameters dunng an event and for 
adjustIng computed hydrographs to match observed dtscharge at the tIme 
a forecast IS made A compamon program, PRECIP, estimates catchment 
average preCIpItation for the forecasts 

Overview. Programs TR-20 and TR-55 are smgle-event computer models that estunate deSign-event dIscharge tune 
senes, peaks, and volumes (USDA, 1983, 1986) Both programs use runoff process models developed by the Sod 
ConservatIon SefVlce, these mathematical models are descnbed m the NatIOnal Engmeenng Handbook (USDA, 
1971) Program TR-55 computes the peaks, volumes, and tune senes for a smgJe catchment Program TR-20 uses 
IdentIcal procedures to compute peaks, volumes, and tIme senes, plus flUVial-process models to route and to 
comb me catchment runoffhydrographs, m a manner SImIlar to that Illustrated by FIgure 2 2 

9 



Mathematical Models Included in the Computer Model. The runoff process, as represented m TR-20 and m 
TR-55, IS essentially the same as dlustrated by FIgure 2 1 A catchment-average precIpItatIOn hyetograph IS 

specrfied, losses are computed, and a runoff transform converts the runoff volume to chscharge TR-20 and TR-55 
do not mclude a baseflow model The features of the mathematIcal models are summarIzed m Table 2 3 

TABLE 2.3 Mathematical Models in TR-20 and TR-55 

Component 
1 

Loss model 

Runoff transform 

Routmg 

Details of mathematical model 
2 

SCS curve number model Cumulative runoff volume 
IS a function of cumulative ramfall volume Model 
has two user-supphed parameters ImtIal abstraction 
and maxImum retention Programs mclude empmcal 
relatIonsl11ps to estimate parameters from catchment 
charactenstics 

SCS one-parameter urnt hydrograph Programs mclude 
empmcal relatIonsl11p to estimate parameter from 
catchment travel time plus quasI-phYSICally based 
models to estimate travel time 

TR-20 Includes a hnear charmel-routIng model and 
a storage routing model for detentlOn TR-55 does not 
mclude a routing model 

Computer Model Input Requirements. To estImate catchment runoffWlth eIther TR-20 or TR-55, the user must 
proVide the followmg mput 

• Precipitation. TR-20 and TR-55 are mtended as tools for estImatmg runoff from ramfall Consequently, both 
reqUire specrficatIOn of a catchment average hyetograph The SCS deSIgn storms are mcorporated m both 
models, eIther chrectly m the code or as mput files 

• Catchment physical charactenstics and/or runoff model parameters. The user must define the catchment 
area, the catchment-average ramfall, and the parameters of the loss model and the urnt hydrograph model 
RelatIOnships are incorporated in both models to estImate the parameters from catchment charactenstIcs, If 
those are to be used, the user must proVIde mformatIon on catchment sods, land use, overland flow surfaces, 
and channels 

• Fluvial model parameters. If the routmg models ofTR-20 are reqUired, the user must provide model 
parameters and channel descnptIOns If the stream system mc1udes detentIon structures, the charactenstics of 
these must be prOVided also 

Computer Model Output. DependIng on user preferences and the program verSIOn used, output from programs 
TR-20 and TR-55 may Include the follOWIng a summary of user's Input, a report of estImated model parameters If 
the SCS empmcal relatIOnships are used, and a report of catchment runoffhydrographs and peaks 
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Applications. Due to theIr Slll1phClty and avrulablhty, programs TR-20 and TR-55 are used Widely m the US for 
plannmg and desIgn Engmeers of local SCS offices use the models extensiVely and WIll provIde mformatlon on 
vanous apphcatlons McCuen (1987) descnbes apphcatIon DeBarry and Carnngton (1990) descnbe mtegratIon of 
a geograpmc mformatIOn system (GIS) and TR-55 to estlll1ate nmoffWIth eXlstmg and future-conditIOn land use 

2.3 SSARR 

Overview. SSARR, the Streamflow SyntheSIS and ReservOir RegulatIon model, was developed by the USACE for 
plannmg, deslgnmg, and regulatmg water-control projects m the Columbia nver basm, USA (USACE, 1991c) 
SSARR IS pnmanly a runoff-process model, but It mc1udes also fluVial process and performance evaluatIOn 
models SSARR IS a contmuous-accountmg model, With fitted parameters The model IS spatIally-dIstnbuted m the 
sense that It permIts the user to subdiVide a basm to represent spatIal vanatIOn of charactenstlcs and processes, 
agam as Illustrated by FIgure 2 2 

Mathematical Models Included in the Computer Model. The mathematIcal models mcluded m SSARR are a 
combmation of conceptual and empmcal models These models slll1ulate the followmg 

• Snowmelt, snow accumulation. PrecIpItatIon IS defined by the user at mtervals from 0 1 to 24 hr Iftlus can 
occur as snow, the user mdicates a base temperature for snow formatIOn The snowpack can be defined by 
eIther elevation band or a snow-cover depletIon functIon SSARR computes snowmelt from the accumulated 
snowpack WIth eIther a temperature-mdex approach or USACE generalIzed snowmelt equatIons 

• Soil moisture accumulation and evapotranspiration. When ramfall and snowmelt volumes are determmed, 
SSARR estlll1ates runoff volume With an empmcal relationshIp m whIch runoff IS a functIon of an accumulated 
sod-mOisture mdex (SMI) and rrumall mtenslty EvapotransplfatIOn IS estimated as a functIon of eIther mean 
monthly or druly evaporatIon data, the SMI IS adjusted to account for tms evapotransplfatIon 

• Baseflow. Total runoff IS determmed WIth the SMI relatIonsmp The runoff volume then IS dIstnbuted to eIther 
baseflow or surface/subsurface flow WIth an empmcal baseflow mfiltratIon mdex (BII) relatIOnsmp The 
baseflow contnbutIOn IS routed With a storage-routmg model to estImate contnbutIOn to total streamflow 

• Surface and subsurface flow. Runoff volume that does not contnbute to baseflow IS conSIdered surface or 
subsurface flow An empmcal reiationsmp, the surface-subsurface separation curve, defines the contnbutIOn to 
each Both are routed With storage-routmg models, and the results are added to routed baseflow to estlll1ate the 
total streamflow 

The mteractIOn of these processes m the SSARR model IS Illustrated by FIgure 23 

Computer Model Input Requirements. The mput reqUired for the SSARR model IS slll11lar to that reqUired for 
the other runoff-process models (hydrometeorologlcal data, stream system configuratIOn, etc) In additIon the user 
must define the SMI relationshIp, BII relatIonsmp, and surface-subsurface separatIon curve, the IDltial-condItIOns 
for the SM! and BII, and the routmg-model parameters Because of the empmcal nature of these, they are best 
determmed Via fittmg With recorded streamflow and preCIpitatIOn 
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FIGURE 2.3 Structure of SSARR Runoff-process Model 

Computer Model Output. The SSARR model forecasts streamflow tune senes at locatIons throughout a basm, so 
the pnmary output IS a tabulatIon of the forecasted dIscharge Vanous report formats and plots of results may be 
selected by the user 

Applications. The USACE has used SSARR contmuously and successfully smce ItS development for operatIOnal 
forecastmg m the 622,000 km2 Columbia basm, a vanety of reports on applIcatIon are aVailable from the North 
Pacrfic DIVISIon of US ACE Larson, et al (1982) descnbe other apphcatIOns to catchments rangmg m SIze from 
12 6 km2 to 370,000 km2 

2.4 HSPF 

Overview. HSPF, the HydrologIC SunulatlOn Program - FORTRAN, IS a recent InCarnatIOn of Stanford Watershed 
Model (Crawford and LInsley, 1966) HSPF was developed for the US EnVIronmental ProtectIon Agency (EPA) by 
Hydrocomp, Inc m 1980, has been reVised extensIvely by a vanety of contractors, and currently IS avatlable In Its 
tenth release (BIcknell, et ai, 1992) HSPF IS a contInUOUS, quasI-conceptual, dlstnbuted, fitted-parameter model of 
all aspects of catchment response to ramfaH In addItion to the runoff-process model embodted m HSPF, tills 
computer model mc1udes mathematIcal models of fluvial, allUVial, cherrucal, and bIOlogIcal processes cntlcal to the 
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work of the EPA HSPF provtdes mformatIOn on stream-dtscharge tIme senes or peaks, volume tune senes or 
totals, nver or reservOIr water depth tune senes or max:unums, and landform changes due to erOSIon or deposItIOn 

Mathematical Models Included in the Computer Model. Like SSARR, HSPF computes catchment runoff 
volume by accountmg contmuously for the spatlal dtstnbutIon of system mOIsture, as dlustrated by FIgure 2 4 The 
computer model employs a combmatlOn of empmcal and conceptual mathematIcal models m this accountmg For 
example, sunulatlOn ofmfiltratlOn IS based on the conceptual model developed by PhIhp, whIle overland flow, 
mterflow, and groundwater flow are modeled with empmcal storage-outflow relatlOnshIps The HSPF user's 
manual descnbes the vanous mathematIcal models and theIr parameters m detad 

PreCIpitation '\ 

~~ 
Surface 5011 Surface layer 

~er I~torage~, Surface 
~"'~ ~ I runoff 

Upper 5011 ~ ....---......." ~ 
layer ~". ~ Upper layer _~ ____ .... 

storage ~Interf~,ow> Interflow ....... 
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----------______________________________________ I 
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layer _, ' --------------,. '\~ 

--I-n-a-ct-Iv-e~;'-' Active Groundwater 
groundwater groundwater ~ ~utflow 

storage storage I 

FIGURE 2.4 Structure of HSPF Runoff-process Model 

Computer Model Input Requirements and Output. Like other catchment runoff models, HSPF reqmres mput of 
hydrometeorologlcal tlme senes In the case of a contmuous SlmUlatIOn model, these senes are lengthy, so data 
management could be a fomudable task To mmtmlze data management effort and problems, HSPF mcludes a tIme
senes database management system 

In addItlOn to tIme senes mput, the HSPF user must define values of the approXImately 20 parameters of the 
vanous mathematIcal models As many of these are parameters of empmcal models, they are estlmated from 
expenence or vta cahbratIOn With observatIons of precIpltation and runoff HSPF output mcludes hydrographs at 
system locatIOns plus an accountmg of mOIsture storage and flux throughout the hydrologIC system 
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3 FLUVIAL-PROCESS MODELS 

3.1 HEC-2 

Overview. HEC-2 solves the equatIons of one-dunenslOnal, steady, gradually vaned flow to predIct water-surface 
elevatIon along a natural or constructed open channel (USACE, 1982a) Water surface profiles m eIther subcntICal 
or supercntIcal regune can be computed HEC-2 also mcorporates conceptual and empmcal models that allow 
analysIs necessary for common desIgmng, plannIng, and regulatmg problems These specIal capabIlItIes are 
summanzed m Table 3 1 

TABLE 3.1 Special Capabilities of HEC-2 Model 

Capability 
1 

Treatment of effectIve flow areas 

AnalYSIS ofbndge and culvert losses 

AnalYSIS of channel encroachments 

EvaluatIon of channel Improvement 

CalIbratIon to hIgh water marks 

Development of storage-outflow 
functIon 

AnalYSIS of splIt flow 

SImulatIon offlow mIce-covered 
streams 

Description 
2 

Several optIons are aVaIlable to restnct flow to certam portIons of 
a gIven cross sectIon Tills is often reqmred because of sedIment 
depOSIts, floodplam encroachments, oxbow lakes, etc 

The energy loss due to bndge pIers and culverts can be estImated 

SIX methods of specrl'ymg floodplaIn encroachments are aVaIlable 
The equal conveyance reductIon method IS used to detenmne the 
floodway boundaries for a flood msurance study 

Natural nver cross sectIon data may be modtfied SImply WIth the 
channel Improvement optIon Tills allows SImulatIon of the effects 
excavatIng a compound trapeZOidal channel sectIon into the 
natural sectIon 

When illgh water marks are knOWll for a specIfied dIscharge, HEC-2 
can estImate the effectIve Manrung's n value necessary to reproduce 
thts observed elevatIon 

HEC-2 mcludes the capabIlIty to develop a storage volume v 
relatIonsillp for a nver reach Tills can, m turn, be used for streamflow 
routmg WIth the modIfied PuIs and other SImple flUVial process 
models 

For flow splIts (such as at dIverSIOn structures, levee overtoppmgs, 
etc) HEC-2 balances the energy grade hne elevatIons at the 
spht and dOWllstream confluence WelT flow, normal depth, or 
a diverSIOn ratIng curve may descnbe the hydraulICS of the spht 

Water surface profiles WIth a statIonary, floatIng Ice cover can be 
estimated The user must prOVIde the thtckness and effective 
n value of the Ice cover 

Mathematical Models Included in the computer Model. GIven a complete descnptlOn of the geometnc 
boundanes wluch contam the flow m an open channel, HEC-2 estunates the average flow depth and velOCIty m the 
prescnbed cross sectIons by solvmg the one-dimensIOnal energy equatIon TIns formulatIon relIes on the 
assumptIons shown m Table 32 (VIOlatIOn of one or more of these assumptIons does not necessanly mean that 

14 



results of analysIs With HEC-2 are wrong Instead, It means that the user must evaluate the relatIve effect of these 
assumptIOns upon the results of a partIcular apphcatIOn ) 

TABLE 3.2 Assumptions of HEC-2 

Flow IS steady and gradually vaned, WIth localIzed rapIdly vaned flow, such 
as at weIrS or culvert Inlets 

Flow IS turbulent, and fully rough, WIth viscous forces plaYIng a mInor role 

Flow IS homogeneous, WIth constant flUId denSIty throughout the flow field 

Flow can be adequately charactenzed by movement In a SIngle dIrect10n 

Pressure dIstnbutIon at a cross sectIon IS hydrostatIC 

By computmg the energy loss between a nver cross section With a known water surface elevatIon and an adjacent 
cross sectIOn, the water surface elevatIOn at the adjacent sectIOn can be determmed For subcntIcal flow, the 
computatIOns start With a known relatIOnsmp between ruscharge and water surface elevatIOn at the downstream 
boundary of the flUVial system and proceed m an upstream rurectIOn untIl the water surface elevatIOn IS computed at 
each cross sectIon For supercntIcal flow, the computations start With a known water surface elevatIOn at the 
upstream boundary and proceed m a downstream rurectIon 

HEC-2 estunates the total energy loss between two adjacent sectIOns as the sum of fnctIOnal energy loss due to 
channel roughness, form energy loss due to expanSIOn and contractIOn, and energy loss due to flow through 
structures, such as a bndges, culverts, or weIrS The fnctIOnal energy loss IS the product of the average energy 
grade Ime slope and the rustance between cross sectIons ThIS energy grade lme slope at a sectIon IS computed With 
Mannmg's equatIOn Several schemes are aVaIlable m HEC-2 for determmmg the average energy grade lme slope 
between two cross sectIons anthmetIc, geometnc, or harmomc mean energy slope at adjacent cross sectIOns, or the 
average conveyance at adjacent cross sectIOns HEC-2 mdudes a contractIOn/expansIon energy loss model that 
estunates that loss as a functIOn of the dtfference m velOCIty head between two cross sectIOns 

computer Model Input Requirements. HEC-2 IS a generahzed computer program The user must therefore 
proVIde all stream charactenstIcs and boundary conrutIOns VIa mput For a sunple apphcatIOn, the baSIC mput 
requIrements are shown m Table 33 

computer Model Output. A vanety of output data may be selected by the user The baSIC output Includes a report 
of computed water-surface elevatlOn, velOCIty, and other pertment charactenstIcs of flow at each channel cross 
sectIon HEC-2 wIll prepare an electromc file WIth the computed results for subsequent access by a grapbmg utIhty 

Applications. HEC-2 IS clauned to be the most-commonly-used water excess management model In the US In most 
communItIes, HEC-2 IS the model used to delmeate the mundated area for estabhshmg the IOO-year floodplam ThIs 
floodplam, m turn, serves as the baSIS for most floodplam land use controls Reports ofthe delmeation are aVaIlable 
from the Flood Insurance AdmmtstratIon AddItIonal reports on HEC-2 apphcatIOn are avatlable from the HEC 
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Input item 
1 

Flow regtme 

Startmg boundary conchtlon 

DIscharge 

Energy loss coeffiCIents 

Cross sectlon geometry 

Reach length 

3.2WSPRO 

TABLE 3.3 Input Required for HEC-2 Model 

Description 
2 

The user must assess the locatlon of normal depth relatlve to cntlcal depth 
for each apphcatlon For a subcntlcal flow regtme, cross sectlon data 
are specrlied progressmg upstream For supercntlcal flow regtme, data 
are specrlied progressmg downstream For unknown or mlxed regtmes, 
multlple mput data sets are prepared and results combmed, as discussed m 
HEC-2 user's manual 

HEC-2 solves the one-chmenslOnal energy equatlOn for a given stream, so 
the startmg water surface elevatlon must be specrlied Thls can be mput 
chrectly or estlmated by the program 

The steady flow chscharge must be specrlied for each stream segment 
Thls may change along the profile m order to mc1ude effects oftnbutanes, 
dlVerslOns, etc 

For a baSIC apphcatlon ofHEC-2, user must specIfY Manmng's n for 
the main channel Manmng's n for the left and nght overbanks, contractlon 
loss coeffiCIent, and expanslOn loss coeffiCIent 

Boundary geometry for the analYSIS IS proVlded by a senes of elevatlon v 
statlon coorchnate pomts at each cross sectlon Cross sectlons are 
reqUlred at representatlve locatlons throughout the reach, but espeCially 
where slope, conveyance, or roughness change sIgnrlicantly 

The chstance between cross sectlons must be specrlied to pefmlt 
computahon of the turbulent energy loss due to boundary roughness 
HEC-2 allows mput of separate reach lengths for the mam channel, left 
and nght overbanks to descnbe curved channels, nver meanders, etc 

Overview. WSPRO IS a one-dnnenslOnal steady state backwater model developed by the US GeologIcal Survey 
(USGS), under contract to the Federal HIghway AdmmtstratlOn for the evaluatlOn and deSIgn of bndge waterways 
(Shennan, 1986, 1988) Federal HIghway AdmmtstratIOn polIcy on deSIgn offloodplam encroachments IS to 
conSIder the Impact of encroachment alternatIves on the floodplam, rather than to determme the bndge openmg SIze 
necessary to pass a gIVen deSIgn discharge WSPRO IS formulated for such analYSIS 

Mathematical Models Included in the Computer Model. WSPRO solves the one-dtmenslOnal steady equatlon 
usmg a standard step-backwater approach, much hke that used by HEC-2 In additlon to the backwater solutIOn, 
WSPRO mcludes empmcal models for detenrurung the effect of culvert, spur dike, and bndge abutments 

Computer Model Input Requirements and Output. Input reqUirements for WSPRO are slmllar to those of 
HEC-2 SpeCIal mput descnbes typIcal hIghway bndge structures, mcludmg spur dikes, road grades, culverts, and 
bndges With multIple openmgs For SItuatIOns where the flow regIme changes along a gIVen profile, WSPRO has 
the capabIlIty to change from subcntical to supercntical flow computatIOn schemes Output from WSPRO mcludes 
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computed conveyance, water surface elevatton, and velocIty at each channel cross sectIon, and results of 
computation for flow through bndge opemngs and other highway structures 

3.3 UNET 

Overview. UNET sImulates one-dimensional, unsteady flow through eIther a sunple open channel, a dendntIc 
system of open channels, or a network of open channels (USACE, 1993), ThIs permlts analySIS of diversIOns and 
confluences m a looped system, mcludmg systems m which the direction of flow may reverse UNET has the 
capabIhty to model also flow m lakes, bndges, culverts, welfS, and gated sp1llways, usmg mathematical models that 
are essentially the same as those mcluded m HEC-2 These capabilIties are summanzed m Table 3 4 

TABLE 3.4 Special Capabilities of UNET Model 

Capability 
1 

Flow reg1me 

Channel geometry 

Internal boundarIes and spec1al 
condiuons 

Output 

Description 
2 

UNET s1mulates subcnucal flow m a network of open channels 
Supercnucal flow can be SImulated IT specIfied as a part of an mtenor 
boundary condiuon 

Cross-secuon geometry 1S specIfied m HEC-2 format Data are arranged 
m groups corresponding to reaches of a network 

Internal boundary cond1tIons, such as levee fallures, gated sp1llways, 
welT overflow structures, bndge and culvert hydrauhcs, and pumped 
diverSIOns can be SImulated Connecuon of facll1ues to another 
reach or to a pondmg area can be s1mulated 

UNET uses HEC-DSS for data storage and retneval 

Mathematical Models Included in the Computer Model. The numencal solutIOn procedures employed by 
UNET were developed assummg that computational speed and computer memory resources are relatively mmor 
constramts for a gIven apphcatIOn The full one-dImensIOnal unsteady-flow equatIOns are reformulated and solved 
with a lmeanzed fimte-dIfference approxunatIOn (Barkau, 1985) The solution algonthm employs sparse matnx 
techmques WIth GaUSSIan reductIon 

Computer Model Input Requirements and Output. The mput reqUired for UNET IS sunIlar to that reqUlred for 
HEC-2, but additIOnal mput 1S reqUlred to descnbe the mterconnection of stream segments, and locatIOn oflakes 
and storage elements These reqUlrements are summanzed m Table 35 UNET uses the HEC-DSS descnbed m 
Table 2 2 to store boundary conmtlOns, such as ratmg curves and hydrographs, and results of computatIons, 
mcludJ.ng ttme senes of water-surface elevatIOn at vanous stream locatIOns 
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Input item 
1 

Channel geometry 

Boundary condItJ.ons 

lrutJ.al condItJ.ons 

Energy-loss parameters 

TABLE 3.5 Input Required for UNET Model 

Description 
2 

Each cross sectJ.on IS mput m HEC-2 format The cross sectJ.on data are 
arranged m a reach-by-reach order, Wlth upstream and dOWllstream 
connectlVlty specIfied Tills allows analysIs of supercntJ.cal and subcntJ.cal 
flow regimes without data reordenng 

Discharge hydrograph or ratJ.ng functJ.on must be specIfied for each tennmal 
reach boundard 

lrutJ.al depth and velocIty must be specIfied for each cross sectJ.on The model 
can store results of apphcatJ.on for use as subsequent IrutJ.al condItlOn 

User must specify Manmng's n for each cross sectJ.on ContractJ.on and 
expansion loss coefficIents and overflow wen coeffiCients may be specIfied 

Unsteady flow models typically produce large reports of computatIOnal results, and UNET IS not an exceptlon The 
model computes and reports depths, velOCities, and other pertment flow charactenstlcs at each cross section for 
each tlll1e step of the ruscretlzed solution of the flow equatlons These results may be filed With the HEC-DSS and 
subsequently plotted With DSPLAY, the graphmg program of the database management system 

Applications. UNET has become the USACE standard for analyses m whIch an unsteady flow model is reqUired, 
consequently, project reports are readily avaIlable from offices natIOnWide (See, for example, USACE, 1990c) 

3.4 DWOPER 

Overview. The Dynamlc Wave OperatIOnal model (DWOPER) was developed by the NatIOnal Weather Service for 
use in nvenne flood forecastmg (Fread, 1987) DWOPER can be used for analYSIS of flow m a smgle channel, or a 
dendntlc or bifurcated (looped) nver system Optlonal features mclude the Slll1UlatIOn of locks and dams, lateral 
mflows, pressunzed flows m storm drams, and wmd effects An automatlc cahbratlon feature IS also aVailable to 
estlll1ate model parameters from observations of flow and water-surface elevation 

Mathematical Models within the Computer Model. DWOPER uses a four-pomt ImplICit firute difference 
scheme to approxnnate the complete one-dlffiensIOnal unsteady flow equatIOns The resultlng nonlmear algebraic 
equatIOns are solved usmg the Newton-Raphson method, along With Gaussian ehmmatlon With sparse-matnx 
techmques 

Computer Model Input Requirements and Output. Input for DWOPER mcludes channel cross section 
geometry, expressed as elevation v top Width, a descnptIOn of the network configuratIOn, energy loss model 
parameters, descnptlOns of structures, and flow hydrographs ExtensIve reports of discharge, VelOCIty, and depth at 
channel cross secttons are avaIlable Computed water surface elevatlOns can be :filed electrorucally and graphed 
With UtIlIty programs 

Applications. Because of ItS Widespread availabilIty, DWOPER IS m common use Fread (1987) descnbes several 
applIcatlOns 
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4 ALLUVIAL-PROCESS MODELS 

4.1 HEC-6 

Overview. HEC-6 models the effects ofnver sedunent transport and resultmg changes m the flow boundanes W1th 
a one-dunensIOnal representatIon of the open-channel flow (USACE, 1991b) The program computes changes m 
nver bed profiles for a smgle flood event or for a long-term sequence of flows It proVides mformatton on depths 
and landform changes due to erOSlOn or deposItIOn Thus HEC-6 can be used to evaluate the lateral movement of a 
stream. 

Mathematical Models Included in the Computer Model. HEC-6 solves the one-dunensional energy equatIon 
(3 1) usmg a computatIon techmque sImIlar to that mcluded m computer model HEC-2 HEC-6 does not mcIude the 
empmcal models for bndge and culvert energy losses, but It does allow for the specIficatIon of an mtemal 
elevatton-dIscharge boundary conditIOn, the development of whIch can be accomphshed using HEC-2 Transport 
calculatIOns are made for a control volume defined usmg the cross-sectIOn locatIOns and an assumed depth of 
allUVial depOSIts The computed energy slope, depth, velOCity, and shear stress at each cross sectIOn are used to 
compute the sedIment transport capaCIty at each cross sectIOn These rates, along W1th sedunent supply rate and 
armonng potenttal, are used for volumetnc accountmg of sediment movement through the system The amount of 
scour or depOSItion is computed by diVIding the surface area of the mobtle boundary mto the change m sedunent 
volume A new water surface profile IS then computed for the updated channel geometry 

Sedtment transport rates m HEC-6 are computed for 20 different gram SIze categones rangmg from clay (less than 
o 004 mm) through sIlt (less than 0 063 mm) up to large boulders (2,048 mm) A vanety of sedIment transport 
equatIons, based on eIther coheSIve or non-coheSIve theory, can be selected for the transport capaCIty calculatIOns 
MathematIcal models of mClplent motIOn, channel bed armonng, gram Size sortmg, and partIcle entramment are 
also mcluded m HEC-6 

To account for unsteady flow, a hydrograph IS dIscretIzed mto a senes of steady flows, and a water-surface profile 
is computed usmg a standard step backwater approach ThIs procedure IS repeated untll the entIre flow hydrograph 
has been routed 

Due to the one-dImensIOnal formulatlOn, HEC-6 does not represent the multl-dlmensIOnal nature of sand bar 
formatton, secondary flow currents, and stream bank fallure 

Computer Model Input Requirements. HEC-6 reqUlres also all of the mformatIOn necessary for a one
dtmensIOnal flUVIal model, mcludmg a complete descnptIOn of the geometnc boundanes of the channel that contams 
the flow, defimtion of the flow regtme, and speCIficatIOn of energy loss coeffiCIents. In addItion, the mformatlOn 
shoWll m Table 4 1 must be developed and prOVided by the user 

Computer Model Output. HEC-6 prOVides reports of both hydrauhc and sedunent-transport calculatIons The 
basic level of output data mcludes a report of lllitIal conditions, hydrauhc calculatIOns, sedtment transport 
calculatIOns, accumulated sediment volumes, and overall bed elevatIOn changes 

Applications. Vanom (1977) and Fan (1988) report on apphcatIOns of thIs and other allUVial process models In 
additIOn, a number of project reports are available from the HEC 
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Category 
1 

Sechment gram sIze chstnbutIon 

Sediment propertIes 

Other boundary condttlons 

4.2 GSTARS 

TABLE 4.1 Input Required for HEC-6 Model 

Input requirement 
2 

Sechment gram sIzes transported by streams vary over a wIde range HEC-6 
considers the transport of sediment m the size range between clay size partIcles 
and 2,048 rom boulders The user must stlpulate the grain size chstnbutIon of 
both the streambed matenal and the mflow sechment load Vanorn (1985) 
provides guIdance on preparatIon of these data 

In adchtlon to the gram SIze, the user must specIfy the specIfic graVIty, shape 
factor, urnt weight of depOSits, and fall velOCity of the sedtment 

HEC-6 computes the changes m a stream bed over tlme, so a tlme senes of 
dtscharge must be prOVIded The dtscharge may be modlfied along the 
apphcatlon reach to account for tnbutanes or dtverslOns 

Overview. The GeneralIzed Stream Tube Model for AllUVial RIver SImUlatIOn, GST ARS, IS a one-dImenSIOnal 
allUVIal process model developed by the USGS (Molmas and Yang, 1986) GSTARS prOVIdes mformatlon on nver 
water depths, mundated area geometry, and landform changes 

Mathematical Models Included in the Computer Model. LIke HEC-6, GST ARS solves the one-dImenSIOnal 
energy equation to detennme the stream hydraulIcs at a given cross sectIOn for a gIven discharge, but It uses the 
concept of stream tubes to descnbe dIfferences m the lateral dIstnbutlOn of conveyance along the stream cross 
sectIOn Smce the stream tube flow dlstnbutlOn IS based on the computed honzontal water surface elevatIon, the 
model does not exphcltly mc1ude lateral stream processes, such as sand bar formation, secondary currents and bank 
fadure The stream tube approach IS useful however for certam apphcatIOns, such as SImultaneous occurrence of 
depOSItIon and scour at a cross sectIon 

Computer Model Input Requirements and Output. Input reqUIrements for GST ARS are SImIlar to those of 
HEC-6 Urtltke HEC-6, GSTARS pernnts specificatIOn of lateral and vertIcal dIfferences m the llltlal bed matenal 
gradatIOns for each cross sectIOn If the data IS avadable GSTARS output mcludes reports of the hydrauhc and 
sedtment transport computatIOns It mcludes also convernent plots of streambed elevatIon v tIme 

4.3 TABS-2 

Overview. T ABS-2 IS fully two-dImenSIOnal model of sedIment movement m an open channel (Thomas and 
McAnally, 1985) Consequently, It WIll model sand bar formatIOn, secondary currents, and other flow and transport 
cases not well-modeled WIth the one-dtmenslOnal representations 

Mathematical Models Included in the Computer ModeJ. T ABS-2 solves the two-dtmenslOnal, depth averaged 
momentum and contmUlty equatIOns, for eIther steady or unsteady flow TABS-2 uses a fimte element technIque 
and computes, for each node of the fimte-element representatIOn, flow depth and longltudmal and lateral velOCItIes 
The sedImentatIOn component of the model then computes the transport capaCity usmg the two-dtmenslOnal 
convectIon-dtffuslon equatIOn WIth bed source terms The actual transport IS based on sedtment avaIlabilIty T ABS-
2 can handle both coheSive and non-coheslve sednnent transport 
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computer Model Input Requirements and Output. In addItIOn to the gnd network data, each element reqUIres 
mformatIOn on lllitlal bed matenal SIzes As With the other alluvIal process models, the mfioWlllg sedlment load and 
hydrograph must be specrtied by the user TABS-2 wIll proVIde detaIled reports of all computatIOns To aId the user 
m dtgestmg thIs mass of output, TABS-2 mcludes also a post-processor that dtsplays the results of computatIons 
graphlcally ThIS graphlcal output mcludes velOCIty vector plots, contour plots of scour/depOSIt depths, and shear 
stress vanations 

Applications. ThIs model IS readIly avaIlable, so IS Widely used by USACE, vanous other government agenCIes, 
and consultants Thomas and Heath (1983) descnbe apphcatIOn ofTABS-2 

5 PRESSURE-FLOW PROCESS MODELS 

Flow of water m modem dramage systems typIcally conSIsts of both open-chrumel and closed-condUIt flow Open 
chrumel flow always has a free surface, and IS modeled WIth the flUVIal-process computer models of SectIOn 3 
Water m a closed-condUIt, on the other hand, may flow with a free surface, or, If the dtscharge exceeds the 
capaCIty, It may flow under pressure ThIs sectIOn descnbes models that are appropnate for slffiulatIon of the 
pressure flow In fact, most computer models m thIs category account for both free-surface and pressure-flow In 
the first case, the computer models use mathematIcal models IdentIcal to those mcorporated m the flUVIal-process 
models In the latter case, the computer models mclude addItIonal mathematIcal models to account for energy losses 
due to pIpe frictIon, entrances and mIets, bends, expanSIOns, contractIOns, manholes, and valves, meters, and other 
appurtenances 

5.1 SWMM 

Overview. The Storm Water Management Model, SWMM, IS a comprehensIve program developed by the EPA for 
analYSIS of water quantIty and quahty m a combmed sewer system (Huber and DIckInson, 1988) For water excess 
management, SWMM prOVIdes mformatIOn on dIscharge tIme senes and peaks, and on hydrauhc grade elevatIon 
senes or maXlffiUffiS 

SWMM IS constructed of computatIOnal "blocks," as shown m FIgure 5 1 The Runoff block uses nonlmear storage 
routmg to estlffiate runoff due to speCIfied ramfall The Transport block solves a kInematIc-wave slffiphfication of 
the St Venant equatIons to account for open channel flow The EXTRAN block routes mIet hydrographs through a 
network of pIpes, JunctIOns, and flow dIverSIOn structures The StoragelTreatment block models flow-control 
deVIces The serVIce blocks mampulate data, report results, and prOVIde for statIstIcal analYSIS of results The 
blocks are lmked through an executIve routme Each of the components may be used mdependently In partIcular, 
the EXTRAN block may be used to slffiulate flow m a system whenever It IS lffiportant to represent severe 
backwater condttIOns and speCIal flow deVIces such as weIrS, onfices, pumps, storage basms, and tIde gates 
(Roesner, et al, 1988) 

Mathematical Models Included in the Computer Model. EXTRAN IS a dIstnbuted, conceptual model of open 
channel and closed condUIt flow WIth It, a dramage system IS represented m lInk-node form TIns representatIon 
may mclude parallel pIpes, looped systems, weIrS, ontices, pumps, dIverSIons due to surchargmg, manholes, and 
storage facilItIes 

EXTRAN solves the gradually vaned, one-dImenSIOnal form of the unsteady flow equatIOns for the system For the 
lmk-node representatIon of the system, It uses the momentum equatIOn m the hnks and a specIal lumped form of the 
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contmUlty equatIOn m the nodes A fimte drfference solutIOns scheme IS used, With SolutIon tlme step governed by 
the wave celenty m shorter channels or condUlts m the system 

Statistics block 

9 Runoff block I 
Graph block 

Transport 
block 

Combine block ~ SWMM 
--+- Executive 

block Extended 
transport 

I I 
(EXTRAN) block 

Rain block .. 
Storagei ... ~ treatment 

block 

Temp block ----.. 

Service blocks Computational blocks 

FIGURE 5.1 Structure of Storm Water Management Model (SWMM) 

computer Model Input Requirements and Output. To use the EXTRAN block to sImulate flow m a system of 
closed-conduIts, the user must proVide the follOWing a lInk-node descnption of the system, geometnc descnptIOn of 
the components of the system, mcludmg pIpe sIzes, shapes, slopes, and locatIOns and dImenSIOns of mlets, 
diverSIons, and overflows, and the system mflow hydrographs, computed eIther With SWMM or a catchment-runoff 
model 

Output from the EXTRAN block mcludes reports and graphs of dIscharge hydrographs and velOCItIes m selected 
condUIts and flow depths and water surface elevatIOn at selected JunctIOns A data mterface WIth other SWMM 
blocks permIts transfer of the hydrographs to those blocks for subsequent analYSIS 

Applications. Jewell, et al (1977) prepared a detaIled SWMM apphcatlon gUIde Huber, Heaney, and 
Cunrungham (1988) pubhshed a summary of SWMM apphcatlons A SWMM users group meets annually to share 
mformatIOn on apphcatIOns 

5.2 HYDRA 

Overview. HYDRA was developed for the US Federal HIghway AdmIDlstration (FHW A) for analYSIS and deSIgn 
of storm dram, samtary sewage, and combmed flow systems (FHW A, 1993) It IS a component of the FHW A 
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HYDRAIN mtegrated dramage deSIgn system HYDRA will analyze flow m an eXlstmg or proposed system of 
closed condUits and/or open channels If that system IS overloaded (flow exceeds capacIty), HYDRA wlliidentify 
flow-reductlOn solutIons HYDRA also wdl select pIpe SIze, slope, and mvert elevatlOns to satISfy user-specIfied 
deSIgn cntena 

Mathematical Models Included in the Computer Model. HYDRA IS a complete deSIgn/analysIs package that 
mcludes catchment process, flUVial process, and pressure-flow process models The pressure flow model IS derived 
from the EXTRAN module ofSWMM (FHWA, 1993) However, the model has been expanded to mclude water
control facIhties common m highway drainage 

Computer Model Input Requirements and Output. HYDRA IS deSIgned for maXlffiUffi fleXlbIhty and generahty, 
thus pernllttmg analYSIS of almost any reasonable dramage system The user-prepared mput file conSIsts of 
commands, dunenslOns, and parameters to descnbe the dramage system and how It IS to be modeled As With 
EXTRAN, a lmk-node scheme IS employed to descnbe system layout The system's tadwater boundary conditIon IS 
speCIfied by the user For pressure flow computatIons, the user must IdentIfy each condUit's roughness and 
dunenslOns 

HYDRA computes the hydraulIc gradehne throughout the system To do so, It computes major and mmor losses 
WIthm the system 

6 STATISTICAL-PROCESS COMPUTER MODELS 

StatIstIcal models that prOVide mfOrnIatlOn for deCISIon makmg are all empmcal, fitted-parameter models When 
these are employed m water-excess management studies, eIther of two approaches IS common (1) speCial-purpose 
computer software IS created to satIsfy the needs of the partIcular study, perhaps usmg a hbrary of statistIcal 
analYSIS routmes, or (2) the water-management problem IS formulated m general terms and one of the readdy
avaIlable general-purpose statIstIcal analYSIS software packages IS used The exceptIon IS annual maXlmum 
dlscharge frequency analysls, m wmch the probabIhty of the annual maXlffium discharge exceedmg a speCIfied 
ntagmtude IS estunated Because of the cntIcal role of and recurrent need for such analYSIS, and due to the Wide
spread use of a smgle statIstIcal model proposed by the Water Resources CouncIl, generahzed computer models 
have been developed ThIs sectIon descnbes two of those models 

6.1 HEC-FFA and Program J407 

Overview. In the Uruted States, a number of federal agenCIes conduct annual maXlffiUffi dIscharge frequency 
analYSIS for deCISIon makmg UntIl 1967, each agency estabhshed ItS own methods and procedures for the analYSIS, 
leadmg to occaslOnal differences m estunates of quantdes or probabIhties To promote a conSIstent approach, a 
multi-agency cOmmIttee of the US Water Resources CouncIl (WRC), studied alternatIves and recommended the 
log-Pearson type III dIstnbution for use by US federal agenCIes (Interagency AdVISOry COmmIttee, 1982) The 
COmmIttee recommended also procedures for treatmg small samples, outhers, zero flows, broken and mcomplete 
records, and mstoncal flood mformatlOn The USACE and USGS developed computer models to implement the 
gUldelmes The USACE computer model IS deSIgnated HEC-FF A (USACE, 1992), and the USGS model IS 
deSIgnated J407 These models are essentially IdentICal, With mmor dIfferences to meet the umque needs of the 
agenCIes 

Mathematical Models Included in the Computer Model. HEC-FFA and J407 fit a Pearson type III statIstIcal 
model (dIstnbutIon) to loganthms of an observed flood senes, usmg modified method-of-moments parameter 
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estImators Bulletm 17B and vanous hydrology texts descnbe the statistIcal model and fittmg procedures m more 
detail Table 6 1 shows the analYSIS procedures used by the models m fittmg the rustnbution 

Feature 
1 

Parameter estimatlon 

OutlIers 

Zero flows 

Htstoncal flood mformatlon 

Broken record 

Expected probabIhty adjustment 

TABLE 6.1 HEC-FFA and J407 Features 

Analysis Procedure 
2 

Estlmate parameters WIth method of moments, assuming that sample mean, 
standard devlatlon, skew coeffiCient = parent population mean, standard 
devlatlon, and skew coeffiCient To account for vanablhty m skew computed 
from small samples, use weighted sum of statlon skew and regIOnal skew 

These are observations that" depart sIgmficantly from the trend of the 
remammg data " Models Identlfy hlgh and low outlIers If mformatIon avrulable 
mdicates that hlgh outlier IS maxImum m extended time penod, It IS treated as 
hlstoncal flow OthefWlse, they are treated as part of systematlc sample Low 
outlIers are deleted from sample, and conditional probablhty adjustment IS 
apphed 

If the rumual maxImum flow IS zero (or below a specrlied threshold), the 
observatlOns are deleted from the sample The model parameters are 
estimated With the remamder of the sample The resulting probablhty estlmates 
are adjusted to account for the COndItional probablhty of exceedmg a specrlied 
discharge, glVen that a non-zero flow occurs 

If mformatIon IS avrulable mdicatmg that an observatlon represents the greatest 
flow m a penod longer than that represented by the sample, model parameters 
are computed wlth "hlstoncally" weIghted moments 

If observations are nussmg due to ". conditions not related to flood magmtude," 
dIfferent sample segments are analyzed as a smgle sample With size equal 
the sum of the sample Sizes 

Thls adjustment is made to the model results" to mcorporate the effects of 
uncertamty m apphcatlon of the [frequency] curve" 

computer Model Input Requirements. Both HEC-FF A and J407 proVide mformation on probablhtles 
(frequencies) of extreme discharge magmtudes To do so, both reqUIre as mput a sample senes of unregulated, 
annual-maxunum flows that is free of chmatlc trends, representative of constant watershed conrutlOllS, and from a 
common parent population In additIon to the systematic tIme senes, HEC-FF A and J407 reqUIre the followmg 

• Model execution specifications. The user may select from amongst vanous plottmg POSItions for Visually 
mspectmg the goodness-of-fit, and from amongst vanous reports and plots of results 

• Model parameters. Both computer models estlmate the log Pearson type III parameters from sample statlstICS 
The sample StatiStiCS are computed from the mput senes However, if deSired, the user may specrfy the sample 
StatiStiCS, thus ovemdmg the computation Further, the user must specrfy the regIOnal skew coeffiCient If the 
welghtmg scheme of BulletIn 17B IS to be used 
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• Historical data. Ifhtstoncal flow data are avaIlable, the user must Identify these 

computer Model Output. Output from HEC-FF A and J407 mcludes the followmg A summary report of the 
user's mput, computed sample StatiStiCS and estImated model parameters a report of the computed frequency 
function, showmg selected quanttles, and plots of the frequency functIOn 

7 PERFORMANCE MODELS 

The computer models descnbed m earher sectIons ofthts paper proVide mformation on system behavIOr, they 
slffiulate processes by whtch a system mput IS transformed to a system output But for mformed water-resources 
plannmg, we need often mformatIon on system performance the consequence of a particular system output or a 
particular state of the system Several of the models descnbed mclude the capablhty to assess performance For 
example, HEC-l and TR-20 mclude routmes to model detentIOn-structure performance, given hydrographs 
computed With the runoff process models they mclude But for more detaIled analYSIS, computer models designed 
especially for evaluation are avaIlable Two are descnbed here EAD, a flood-damage evaluatIon model, and HEC-
5, a reservOir-system evaluatIon model 

7.1 EAD 

Overview. The objective of the HEC EAD (Expected Annual Flood Damage) program IS to compute mundatlon 
damage and mundatIOn-reductIOn benefit, thus permlttmg evaluatIOn of eXlstmg flood hazard and of the antICipated 
performance of proposed damage-reductIOn measures (USACE, 1984a) The Principles and GUIdelines (USWRC. 
1983), a document that proVides the "rules" for federal water resource plannmg m the US, stIpulates that the 
econOffilC benefit of a flood-damage-reductIOn project IS the sum of locatIOn, mtenslficatIOn, and mundatIon
reductIon benefit Locanon benefit IS aSSOCiated With addition of actlVlty to a floodplam, whtle Intensificanon 
benefit IS a consequence of morufied operatIOn of eXlstmg actlVlty m a floodplam due to the protectIOn proVided 
InundatIOn-reductIOn benefit IS the rufference between damage due to floodIng Without and With the project The 
Pnnclples and GUIdelines further reqmres that the damage estlffiates should be " potential average annual dollar 
damages to actlVltles affected by floodIng [estlffiated] usmg standard damage-frequency mtegratIOn techmques " 

Mathematical Models Included in the Computer Model. Average annual damage, also properly called the 
expected annual damage, IS computed by mtegratmg the cumulative rustnbutIon function (cdt) of annual damage In 
the slffiplest apphcatIOn, EAD uses a numencal mtegratlon scheme to mtegrate a user-proVided damage-frequency 
functIOn and reports the results These computatIOns can be performed for vanous damage categones for any 
number of reaches (subruvlSlons of the floodplam) Damage-frequency functIOns are not commonly avallable, but 
are denved from statistical, flUVial, and econOffilC data or models, as Illustrated m Figure 7 I The functIOns may 
represent the eXlstmg Without-project, eXlstmg WIth-prOject, future Without-project, andlor future With-project state 
of the floodplam EAD Will perform thts marupulatIOn for any alternatIVe conrutIOns defined by the user 

The functIOns shown m Figure 7 I may change With tlffie EAD mcludes the appropnate dlscountmg formulas as 
reqmred by the PrInclples and Guidelines to " convert future monetary values to present values" 

Computer Model Input and Output. Table 7 1 shows the mput requued for EAD EAD output mcludes a report 
of the denved damage-frequency functIOns, sorted by reach, for each damage category, plus the aggregate function, 
for the eXlstmg, Without-proJect conrutIOn, and for each alternatIVe conrutlon defined by the user It mc1udes also a 
report of the computed average annual damage, sorted by reach, for each damage category, plus the aggregate 
functIOn The mundatIOn-reductlon benefit of each with-proJect conditIOn IS rusplayed 
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FIGURE 7.1 Derivation of Damage-frequency Function 

TABLE 7.1 Input Required for HEC EAD Model 

Category 
1 

Job spectficatlon 

Statlstlcal functlOn 

Other functlons 

Input requirement 
2 

User must define discount rate, penod of analysIs 

User must define either discharge v probablhty, 
stage v probablhty, or damage v probablhty functlon 

Dependmg on the fonn of the statlstlcal functlOn 
proVlded, user must proVlde other functlons 
necessary to denve a damage v probablhty functlon 
These may mclude stage-damage and/or stage-dIscharge 
functlons 

Utility Programs. The HEC has developed utlhty programs that sunphfy use ofEAD or proVlde additIonal 
capablhtles The SID (Structure Inventory of Damage) program provIdes data management capablhtles for the 
nlllllerous stage-damage functlons typIcal of a major flood-control study (USACE, 1989) It ytelds mput m the 
format reqUlred for EAD The FDA (Flood Damage AnalYSIS) package IS a complete ensemble of flood-damage 
analYSIS models (USACE, 1988) It mcludes EAD, SID, and unhty programs that permtt lmkage With stansncal 
and flUVial process models through the HEC-DSS 
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7.2 HEC-5 

Overview. Program HEC-5 models the performance of a reservolf or system of reservOlrs operated to manage 
excess water (USACE, 1982b) Other computer models, mcludmg HEC-l and TR-20, can sunulate the operatIOn of 
a detentIOn structure m wluch the performance IS a function of the propertIes of the outlet works HEC-5, however, 
sImulates performance that IS a functIOn of both the propertIes of the outlet works and an operator's specIficatIOn of 
the manner m wluch the reservOlrs should be operated WIth HEC-5, storage m each reservOlr m a system IS diVided 
mto zones, as Illustrated by FIgure 7 2 Withm each zone, the user defines mdexed storage levels The model wIll 
sImulate operatIon to meet specIfied system constramts and to keep system reservOlrs m balance, With each at the 
same index level System constramts that may be modeled are summarized m Table 7 2 

Flood-control pool 

Conservation pool 

Buffer pool 

FIGURE 7.2 Reservoir Storage Zones for Program HEC-5 

In additIOn to modelmg reservOlr flood-control operatIOn, HEC-5 mcludes algonthms for modelmg reservOlr system 
operation for conservatIon purposes 

Mathematical Models Included in the Computer Model. HEC-5 mcludes vanous sImphfied models for 
streamflow routlng and a reservOlr storage routmg model For reservOlrs With hydroelectnc power generatIOn 
facIhtIes, an energy productIon model IS mcluded 

Computer Model Input Requirements. Table 7 3 shows the mput reqUIred for HEC-5 for analYSIS of 
performance of a flood-control reservOlr system 
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TABLE 7.2 HEC-5 Flood-control Operation Rules 

Constraint on release made 
1 

Release to draw storage to top of conservation 
pool Without exceedmg channel capaclty at 
reservOIr or downstream pomts for wluch reservOIr 
IS operated 

Release equal to or greater than rmrumum deSIred 
flow 

Release equal to rmrumum deSIred flow 

No release 

Release reqwred to sallsty hydropower reqwrement 

Release hrmted to user-speCIfied rate of change 

No release that Will contnbute to floodmg 
downstream 

Release to mamtam downstream flow at channel 
capacIty 

Release from reservolf at greatest level 

Release to bnng upper reservolf to same mdex 
to same mdex level as downstream reservOIr 

Condition 
2 

Storage IS between top of conservation pool and 
top of flood-control pool 

Storage greater than top buffer storage 

Storage between top macllve and top of buffer 
pool 

Storage below top of macllve pool 

If that release IS greater than controlhng deSIred 
or reqwred flows for above condillons 

Unless reservOIr IS m surcharge operallon 

If flood storage avrulable 

If operallng for flood control 

If two or more reservOIrs on parallel streams 
operate for common downstream pomt 

If two reservOIrs m tandem 

TABLE 7.3 Input Required for HEC-5 Model 

Category 
1 

Job specIfication 

System hydrolOgical 
data 

FlUVial model parameters 

System layout 

Operallng pobey 

Input requirement 
2 

Output reqmrements 

ReservOIr mflows and mtennediate area runoff, 
reservOIr evaporallon data 

Routmg coeffiCIents 

Descnpoon of mdlV1dual reservOIrs and physlcal 
relaoonsrup of reservOIrs, channels, etc 

Reservolf storage zones and levels 

computer Model Output. HEC-5 output mcludes the followmg A summary of the user's mput, for each 
reservOlr, a summary of mflows, releases, and storages for the penod of analYSIS, for each system control pomt, a 
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summary of flows for the penod of analysIs, and If flood-damage relatlOnslups are provIded, a summary of damage 
at each location HEC-5 also mc1udes lmks to HEC-DSS, the database management system descnbed m SectIOn 
2 1 Thus flood hydrographs can be computed and filed m the database by a catchment-process model, then 
retneved for reservOir-performance analYSIS With HEC-5 

8 WARNINGS 

8.1 Watch for Rapid Changes in Technology 

Scott McNeally, chaIrman ofa Sun Mlcrosystems, suggests that" the shelfhfe ofbiscUltS and technology IS 
about the same (NY Times, 27 March 1993) ., Accordmgly, the reader IS cautIoned that the state-of-practlce m 
water-excess modelmg changes rapIdly He or she should contact sources of models and reVIew the current water
resources hterature for mformatIOn on computer model updates or new computer models before selectmg for 
apphcatIOn one of the models descnbed m this paper 

8.2 Avoid Pitfalls in Analysis 

Blswas (1979), Ford and DaVIS (1989), and many others have wntten about the potential problems m applymg 
models for water resource deCISIon makmg. They note that, although mathematICS and the computer are now 
essential mgredIents of deCISIon makmg, great care must be exercIsed to msure that results prOVide the mformatIon 
necessary to make the deCISIons Quade (1980) prOVides a hst of common pItfalls in formulatIon and modelmg, 
these are summanzed m Table 8 1, the reader IS encouraged to conSIder these when applymg the models descnbed 
herem 
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TABLE 8.1 Pitfalls in Formulation and Modeling (after Quade, 1980) 

Pitfall 
(1) 

InsufficIent attennon to formulanon 

Unquesuomng acceptance of stated 
goals and constraints 

Measunng acluevement by proxy 

MlsJudgmg the chfficulues 

Equanng modehng WIth analysIS 

Improper treatment of uncerta10Ues 

Attempung to sImulate realIty 

Behef that a model can be proved 
correct 

Neglecnng the by-products of 
modehng 

OveramblUon 

Seek10g acadenuc goals, rather 
than pohey goals 

Internallz10g the pohey maker 

Not keep10g the model relevant 

Not keepmg the model sImple 

Capture of the user by developer 

Description 
(2) 

Modeler gets m hurry to get on Wlth "real work" and pays msufficlent attennon 
to formulatIOn Ends up work1Og on problem that has httle relaUon to real Issue 

UncnUcal acceptance of chent's or pohey maker's statement of obJecuves and 
constra1Ots on acUons to be conSIdered 

Danger IS that measure of acluevement IS a product of the modeler's Judgment of 
the decIsIon maker's values, rather than the declSlon maker's Judgment of values 

AnalYSIS IS, necessanly, based on an abstracnon of realIty Attempts to 10clude 
everythmg result m ambigUlty, confusIOn, and 10tractabIhty 

Beware ludden bIaS mtroduced by data used, alternaUves evaluated, and model 
selected 

Models are only one 10gredIent and modehng only one step 10 pohcy analYSIS 
analYSIS. searchmg out the nght problem, deslgnmg a better alternanve for 
conslderanon, and skillfully mterpreung the computaUons from the model and 
relaUng them to the declSlon maker's problem are equally slgmficant 

Impact of unpredIctablhues 10 factors that affect outcome of a course of acnon 
must be conSIdered. 10cludIng uncerta10Ues that are not stochasnc 10 nature 

Heed the pnnclple that the problem (the quesUon be10g asked), as well as the 
process be10g modeled, deternunes what should be modeled 

Models can, at best, be 10valldated Aim of vahdanon tests IS to 10crease degree 
of confidence that events mferred from apphcanon of model Wlll, 10 fact, occur 
under the condlUons assumed Modeler should also check data 

The results of computaUon Wlth model are not the only valuable output "BUlld1Og 
a model IS valuable because of what one learns about the problem and because of 
the guIdance that a model can proVide to the Judgement and 1OtUlUon of the 
analyst and pohey maker 

Large-scale models deSIgned for many purposes are hkely to serve none 

ApphcaUons or development of models should focus on decls10n-mak1Og needs 
(relevance, rehablhty, usabIhty, cost-effecuveness), rather than on tenure
grant10g needs (nontnvlallty, power, computauonal effiCIency, elegance) 

Model cannot be made so comprehensIve that It captures the preferences and 
constra1Ots on the pohey makers. so that It can deSIgnate the best alternatIve 10 a 
credIble and acceptable manner 

Modeler must work to 10sure that the model's "knobs" represent the pollcy 
vanables under the control of the pollcy maker 

Model should be no more complIcated than needed, and analyst should be able to 
exlubtt In slmphfied form the key stmctrural elements of the model and then 
most Important relatlOnsmps Thus clIent can understand both how results came 
about and how to Incorporate lOgiC of analySIS 1Oto contmued thtnklng about the 
problem 

Full documentatIon IS cnucal OthefWlse user IS at merey of model developer 
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