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PAST, PRESENT, AND FUTURE HYDROLOGIC MODELING IN ARS

KENNETH G. RENARD1

ABSTRACT

Hydrologic modeling efforts in ARS have closely paralleled the developments in computer
technology. Early efforts used experimental watershed data to evaluate curve number values in
the Soil Conservation Service National Engineering Handbook. About this time, digital
computers began to be available and there was an early emphasis on kinematic cascade models
The water quality emphasis of the 1970's led to hydrologic models such as CREAMS, a
multidiscipline and multilocation effort. Resource inventory programs in USDA in the late
1970's resulted in ARS efforts to quantify the impact of soil erosion on soil productivity. The
EPIC model resulted from this legislation. Conservation planning for the USDA's Food
Security Act of 1985 led to emphasis to develop a new generation of models to address water
and wind erosion using fundamental climate, hydrology and erosion simulation processes.

Future efforts using physically-based algorithms will need to address temporal and spatial
variability in hydrologic processes currently addressed by lumping. Scale problems in
hydrologic models remain a challenge requiring major emphasis. As answers for resource
management vary from plots and fields, to small watersheds and larger river basins, the

algorithms needed for natural resource management changes because of the process filtering
involved.

INTRODUCTION

The quality of once good agricultural land in many parts of the U.S. began to deteriorate at
increasing rates in the early 1900's. Soil erosion was rapidly becoming a national crisis. The
first national recognition of this problem was the allocation of funds for erosion-control
experiments in the Agricultural Appropriation Act of 1930.

Some references exist of early watershed and plot studies dating back into the early 1900's that
were precursors to the Soil and Water Conservation Experiment Stations, which in turn set the

pattern for investigations that has passed to the present. C. E. Ramser (Bureau of Agricultural
Engineering) reported in 1927 the measurement of rainfall amounts and runoff rates from six
agricultural watersheds (1.25 to 112 acres) near Jackson, Tenn. In Ramser's opinion "these
investigations are the first of the kind that have been made to determine rates of runoff in open
channels from purely agricultural areas where self-recording instruments were employed"
(Ramser, 1927, p. 822). A 1937 report of the work of the Experiment Station at Clarinda, Iowa
mentions the work of M. F. Miller at Missouri Agricultural Experiment Station in 1917; of A.
B. Conner and R. C. Dickson at the Texas agricultural experiment substation beginning in 1926;

'Research Hydraulic Engineer, USDA-Agricultural Research Service, Southwest Watershed
Research Center, 2000 E. Allen road, Tucson, AZ 85719-1596.
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and that of the Bureau of Public Roads at Raleigh, N. C, started in 1924, as patterns for

hydrologic investigations. Also, the Bureau of Agricultural Engineering and the College of

Engineering at the State University of Iowa cooperated in the collection of hydrologic data at

the Ralston Creek Watershed between 1924 and 1935 (Mavis and Soucek, 1936).

The "New Deal" was implemented during F.D. Roosevelt's first term as President as a massive

campaign against social and natural calamities buffeting the country. Heading the agricultural

assault was Henry A. Wallace (Secretary of Agriculture) and H. H. Bennett, Director of the Soil

Erosion Service (August 25, 1933). Several subsequent changes including a June 16, 1936 letter

from President Roosevelt to Secretary of Agriculture, H. A. Wallace, enumerated: "The

objective of upstream engineering is through forestry and land management, to keep water out

of our streams, to control its action once in the stream, and generally to retard the journey of

the raindrop to the sea. Thus the crests of down-stream floods are lowered." An Upstream

Engineering Conference held in Washington, D.C. on September 22-23, 1936 defined the needs

for the collection of hydrologic data as a continuing need. Shortly thereafter $100,000 was

appropriated for initiating twenty experimental watersheds throughout the U.S. These watershed

had a inauspicious beginning for many reasons including inadequate funds until D. B. Kringold

presented plans for establishing the experimental watershed plans to a conference of Regional

Conservators on September 25, 1936. The responsibility for the watersheds (in the Research

division of the Soil Conservation Service) and directions on how to select them were issued in

a memoranda from C. E. Ramser to field personnel. Data from these watershed locations

subsequently become a key resource in the development of the curve number concept of the SCS

National Engineering Handbook which is widely used even to the current time. ARS was

created in 1954 as a mechanism to identify research activites in USDA.

Senate Document 59 (Browning et al., 1959) had a tremendous impact on the watershed

engineering programs of ARS. As a result of the recommendations of this document, 6 regional

watershed research centers (Boise, ID, Tucson, AZ, Columbia, MO, Durant, OK, State College,

PA, and Tifton, GA), a national soil erosion research laboratory (W. Lafayette, IN), a national

sedimentation research laboratory (Oxford, MS), and a national hydrology research laboratory

(Beltsville, MD) were established in the early 1960's to support hydrology and

erosion/sedimentation programs of USDA-SCS. In addition, a water data center was established

in Beltsville, MD. The watersheds at these facilities range from small homogeneous areas a few

hectares in size to large mixed land uses having drainage areas of 300 km2 (Johnson et al.,
1982). These facilities continue even today along with other soil and water conservation

programs centers and laboratories, and form the essence of the ARS natural resource research

programs.

The watershed data collection program mentioned above has led to, and made possible, the

hydrologic models mentioned subsequently. Such models have been hypothesized,

parameterized, and compared to such watershed data.
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Model Classification

Several different criteria have been proposed to classify models. In many cases, these criteria

reflect the special interest or needs of a particular discipline. However, models used in any

discipline can be categorized as eitherformal or material.

A formal, or intellectual, model is a symbolic, usually mathematical, representation of an

idealized situation that has the important structural properties of the real system. A material

model is a physical representation of a complex system that is assumed to be simpler than the

prototype system and is also assumed to have properties similar to those of the prototype system.

Real (Prototype) System

Material Models Formal (Mathematical Models)

Iconic Analog Empirical Theoretical

Figure 1. Model Classification (Source: Woolhiser and Brakensiek, 1982)

Figure 1 is a schematic classification of models taken from Woolhiser and Brakensiek (1982).

They state (p. 7):

'Material models include iconic or 'look alike' models and analog models. An iconic model is a simplified

version of the real-world system. It requires the same materials as the real state (i.e., the model of a fluid is

also a fluid). Lysimeters, rainfall simulators, hydraulic flumes, and watershed experimental systems are all

examples of iconic models. By measuring the volume of water draining from a lysimeter and weighing it

periodically, we gain some insight into the relative rates of deep percolations and evapotranspiration from

nearby, undisturbed areas with similar vegetation and soils. We are not interested in the model measurements

in themselves, but we are interested in the insight they give us into processes occurring in the more complicated

natural systems. Rainfall simulators, hydraulic flumes, and watershed experimental systems may help to

determine the most significant factors that should be included in mathematical models of overland flow and

erosion processes. To be useful, iconic models must be easier to work with than the real system and must

provide some information that is not a direct consequence of known and accepted mathematical models.

Changes of length or time scale (or both) are frequently required to make the model useful. Because of these

scale changes and other necessary simplifications, iconic models often involve distortions, and the magnitude

of these distortions must be careful considered and included in prediction equations.

'In an analog model the quantities measured in the model are different physical substances than in the real

(prototype) system. For example, the flow of electrical current may represent the flow of water, or the

deflection of a thin membrane might represent the drawdown of a water table. The validity of an analog model

depends on the existence of identical mathematical relationships describing both the real system and its analog,

and so depends on the other class of models, the formal model. In watershed hydrology all formal models are
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mathematical; hence, we will use the term 'mathematical model' or simply 'model* hereafter,

monograph we will concentrate our attention on mathematical models.
In this

"Mathematical models can be further subdivided into theoretical models and empirical models. A theoretical

model includes both a set of general laws or theoretical principles and a set of statements of empirical

circumstances. An empirical model omits the general laws and is in reality a representation of data. This

distinction breaks down when we consider a model that includes some but not all of the necessary general laws.

All theoretical models simplify the physical system and are, therefore, more or less incorrect. In addition, the

so-called theoretical models often include obviously empirical components. All empirical relationships have

some chance of be fortuitous; that is, by chance two variables may appear to be correlated when in fact they

are not. In principle such relationships should not be applied outside the range of the data from which they

were obtained. In modeling of small watersheds, examples of the simplification of theoretical models abound.

The surface flow of water in a small watershed is generally described by the equation of conservation of mass

and that of conservation of momentum, which contain an empirical hydraulic resistance term. Under certain

conditions the momentum equation is greatly simplified to the so-called kinematic equation. Subsurface flow

problems utilize the Darcy equation, an empirical equation. Modem infiltration modeling is based on the Green

and Ampt equation, a gross simplification of the flow system. Theory and empiricism are generally so

intermeshed that in actuality most all watershed hydrology models are hybrids that include both theoretical and
empirical components."

Most modeling efforts in ARS and specifically hydrologic models fall in the formal

(mathematical) classification. More specifically, they might be classified as theoretical with

empirical relations embedded using data to parameterize the equations used (often regression
relations).

EARLY MODELING EFFORTS

Most early modeling efforts in ARS involved treatment of site specific precipitation-runoff data.

For example, Minshall (1960) developed a method that involved estimating storm runoffvolume

from the rainfall pattern and antecedent rainfall, and distributing the runoff through an adaption

of the unit hydrograph principle. The work was significant because it demonstrated that the unit

hydrograph was not independent of rainfall intensity and led to unit hydrograph equations

involving the gamma distribution (DeCoursey, 1966) and the Pearson Type V empirical

distribution with a square root transformation of the time scale (Brakensiek, 1967a). A detailed
treatise on unit hydrographs is given by Dooge (1973).

McCuen et al. (1977) presented a detailed literature evaluation of flood flow frequency analysis

techniques used for ungaged watersheds. They separated the procedures used into eight

categories: 1) statistical estimation of Qp, 2) statistical estimation of moments, 3) index flood

estimation, 4) estimation by transfer of Qp, 5) "empirical" equations, 6) single storm event: rain

frequency is proportional to runoff frequency, 7) multiple discrete events, and 8) continuous
record.

Developments in kinematic wave theory (Wooding, 1965) as approximations of the continuity

equations of mass and momentum have had major impacts on ARS hydrologic modeling efforts.

For example, the efforts of Brakensiek (1967b), Woolhiser and Liggett (1967), Brakensiek and

Onstad (1968), Lane and Woolhiser (1977) have contributed to the feasibility of many of the

models discussed subsequently.
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Stochastic runoff simulation models have also received limited attention in ARS. For example,

Diskin and Lane (1972) used a stochastic model for generation of synthetic data on watersheds

of 150 km2 or less in southeastern Arizona. Variables describing the intermittent and

independent runoff events were start of runoff season, number of runoff events per season, time

interval between events, beginning time of runoff event, volume of runoff, and peak discharge.

Each of these variables is generated from its probability distribution. The means and standard

deviations of the various distributions form the set of parameters that define the stochastic

model. Some parameters are expressed as functions of drainage area; others are assumed

constant for the range of basin areas used in the study. By describing the variation of the model

parameters with basin area, a model for a specific basin was developed into a model of a general

basin. This same model was used with a deterministic sediment transport relation for describing

sediment yield in rangeland areas of southern Arizona (Renard and Laursen, 1975). Such a

technique has not been used extensively because the model is site specific in that the parameter

values must be determined from actual data and are thus not considered to be robust.

CURRENTLY AVAILABLE ARS HYDROLOGIC MODELS

Numerous ARS hydrologic models are currently available (Table 1 and 2). The models would

all be described as formal (mathematic) models (Figure 1) with a mixture of empirical and

theoretical components/relations. For example, several of them involve the kinematic

approximations of the equations for continuity of mass and momentum. At the same time, they

involve empirical relations for estimation of various parameters in the embedded algorithms.

The feet that there are many commonalities between several of the models is predicated on the

intended model use dictating some differences to ensure model efficiency. For example, EPIC

being intended for predicting long-term impacts of erosion on soil productivity and SWRRB

being intended to assess land use and peak runoff results in some commonality of rainfall excess

and evapotranspiration but differences in other model elements. In contrast SWRRB has detailed

algorithms for water and sediment routing, flow through ponds and reservoirs with less

specificity for what happens on a soil pedon such as EPIC emphasizes..

Most of the models described in Tables 1 and 2 include the hydrologic cycle calculation as an

integral part of some other model objective. For example SPUR is intended as a tool to describe

utilization of rangelands and is a quasi-complete ecological model. As such, the abiotic elements

are one component of a more detailed model simulating plant productivity and animal utilization

of the forage produced.

The following section provides a brief description of those hydrologic models developed by ARS

personnel which are or have been used fairly extensively in the programs of various agencies
both inside and outside the USA. Further details on some of these models will be presented

elsewhere in this workshop.
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1.

2.

BRIEF FUNCTIONAL MODEL DESCRIPTIONS

ACTMO (Agricultural Chemical Transport Model). For each storm in a series, the
objective is to use the model to predict the concentration of a chemical in the runoff water
the total amount earned by the runoff water and sediment, and the location and
concentration of the chemical remaining on the watershed. The hydrology part of the
model uses a modification of USDAHL using hydrologic zones as a cascade of flow tube!
flowing over zones and through soils layers. Evapotranspiration is calculated as a
combination of techniques involving cardinal temperatures for specific crons
Hydrogeology is considered for base flow and downward seepage. Sediment yield is
calculated by MUSLE (Williams, 1975). Source: ARS, Watldnsrtle, GA

t?!7S ^Jjcultuial Non-Pdint^ouice Pollution Model). The computer simulation model
was developed to analyze the water quality of runoff from Minnesota watersheds although
it is not limited to there. The model predicts runoff volume and peak discharge (using a
modification of SCS curve numbers), eroded and delivered sediment (using USLE and five
sediment particle classes), and nitrogen, phosphorus, and chemical oxygen demand
concentrations in runoff and the sediment for single storm events for all Mints in the

watershed. The mode! works on a cell basis. The cells are uniform squaSareaT^t
divide the watershed and permit detailed analysis of any area. Runoff and sediment

SS'^^ f°r *?■ Ce" With P0""** ^^rt subdivided f^ soluble and
sediment-attached pollutants. Large nver basins can be simulated. Source: ARS, Morris,

3. CREAMS (Chemicals, Runoff, Erosion, and Agricultural Management Systems-

m«w^i^°UndWate!, ^3ding EffeCtS °f AgricuIt"ral Management Systems). This
model is a field scale model developed to predict potential pesticide leaching below the root
zone pesticide movement with surface runoff, and sediment losses from a field Climate

.X^ on,a storm basis mu* be input in addition to topographic, soil, and
plant data. Using a climate simulator simplifies the input. Rainfall excess is calculated
using a modification to the SCS curve number procedure. The model uses fundamental
erosion concepts to describe erosion, deposition, and sediment transport for five particle
size classes by overland flow, concentrated flow, and deposition in small ponds. Source-
AKo, lljtOn, CrA.

4. EPIC (Erosion Productivity Impact Calculator). This model provides a detailed treatment
of the management impacts of farming systems as they affect soil productivity from lone-
term erosjon Climate simulation simplifies the input of precipitation, temperature, and
radiation (Nicks 1974; Richardson, 1981). Runoff is simulated from daily Snfall using
a modification of the SCS curve number procedure. Erosion is calculated using the Onstad

w,?°Sio™1972. modif!cation of ^ Universal Soil Loss Equation (Wischmeier and
amitn, 1*78). The continuous simulation model uses the Ritchie (1972) relations for
evapotranspiration between storm events. Crop simulation is based on a single model with
cnn^ntc for water, temperature, and nutrient stress. Nitrogen and phosphorus are

detail including immobilization, mineralization, denitrification, and leaching
Temple, TX. "'
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5. HYMO (HYdrologic Modeling). The HYMO model is an event-oriented hydrograph and

sediment yield model. Three options are available for computing rainfall excess, SCS

curve numbers, the Green-Ampt infiltration equation, and Snyder's retention function.

Hydrographs are computed from unit hydrograph principles. Routing is from individually

designated small watersheds using a variable storage coefficient and can include reservoirs.

Sediment yield is estimated with the Modified Universal Soil Loss Equation. HYMO is

quite flexible and offers hydrologists the opportunity to add new commands or modify

existing ones. HYMO has been found useful in the design and evaluation of flood control
structures and flood forecasting. Source: ARS, Temple, TX.

6. KINEROS (KINematic runoff and EROSion). The kinematic runoff and erosion model,

Kineros, is an event-oriented, physically-based model describing the processes of

interception, infiltration, surface runoff, and erosion from small agricultural and urban

watersheds. The watershed is represented by a cascade of planes and channels; and the

partial differential equations describing overland flow, channel flow and erosion, and

sediment transport are solved by finite difference techniques. Spatial variability of rainfall

and infiltration (calculated by the Smith and Parlange (1978) model), runoff, and erosion

parameters can be accommodated. KINEROS may be used to determine the effects of

various artificial features such as urban developments, small detention reservoirs, or lined

channels on flood hydrographs and sediment yield. Source: ARS, Tucson, AZ.

7. SRM (Snowmelt Runoff Model). The snowmelt runoff model has been used for simulation

using a degree-day melt relation and snow cover depletion curves that are elevation

dependent. The model has been successfully used on 57 basins in 67 countries for

heterogeneous areas between 0.76 and 63,600 km2 and wide elevation ranges. The model
requires air temperature, precipitation, and snow-covered area. These variables can be

either measured, predicted, or estimated. Runoff coefficients must be estimated based on

similarities to other years and experience. Characteristic daily fluctuations of snowmelt

runoff enable the time lag to be determined directly from past year hydrographs. Source:
ARS, Beltsville, MD.

8. SPUR (Simulation of Production and Utilization of Rangelands). The SPUR model is a

comprehensive rangeland simulation model developed to provide information for research

and management. It is composed of five basic components: climate, hydrology, plant,

animal, and economic. The model is driven by daily maximum and minimum air

temperatures, precipitation, solar radiation, and wind run. SPUR simulates the daily

growth of individual plant species or functional species groups and uses preference vectors

based on forage palatability, location, and abundance to control plant utilization. Animal

growth is simulated on a steer-equivalent basis, and net gain is used to calculate economic

benefits. The hydrology component calculates upland surface runoff volumes, peak flow,

snowmelt, streamflow, and upland and channel sediment yields. Climate can be either

simulated or directly input. Runoff calculation is based on a modification of the SCS curve

number technology. The snowmelt model is based on the Anderson (1973) model from

the National Weather Service. Erosion is estimated from MUSLE (Williams, 1975).

Channel routing of both water (including transmission losses and sediment
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transport/deposition) is simulated for specified channel conditions. Source: ARS, Boise
ID.

9. SWRRB (Simulation of Water Resources from Rural Basins). SWRRB is a computer

model used for resource assessment of hydrologic unit sized areas. Outputs related to

nutrients, pesticides, and sediment are provided. The model tracks the fate of pesticides

and phosphorus from land to deposition in water bodies. Water, sediment, and chemicals

are routed from sub-basins to the basin outlet. Watershed and channel characteristics are

user specified, as is land use which provides input to a modification of the SCS curve

number approach for estimating precipitation excess in continuous simulation. Use of a

climate simulator simplifies input generation. Source: ARS, Temple, TX.

10. USDAHL (USDA Hydrology Laboratory) The hydrologic model is an attempt to express

watershed hydrology as a continuum designed to serve the purposes of agricultural

watershed engineering. The model is organized on a multidisciplinary basis and includes

meteorology and climate, soils and vegetation, hydraulic, hydrogeology, and watershed

hydrologic systems. The continuous simulation model requires many inputs including a

physical watershed description to accommodate surface, channel, and subsurface water

routing. Also needed are temperature, percent grazing, tillage practices, percent land use

by hydrologic zones, pan evaporation and temperature. Source: ARS, Beltsville, MD

11. WEPP (Water Erosion Prediction Project). The WEPP hillslope profile erosion model is

i a continuous simulation computer model which predicts soil loss and deposition on, a
hillslope. It includes a climate component which uses a stochastic generator to provide

daily weather information, an infiltration component which is based on the Green-Ampt

infiltration equation, a surface runoff component which is based on the Kinematic wave

equations, a daily water balance component, a plant growth and residue decay component,

and a rill-interrill erosion component. The profile erosion model computes spatial and

temporal distributions of soil loss and deposition. It provides explicit estimates of when

and where on the hillslope erosion is occurring so that conservation measures can be

designed to most effectively control soil loss and sediment yield. The hillslope profile

erosion model is based on the best available science for predicting soil erosion on

hillslopes. The relationships in the model are based on sound scientific theory and the

parameters in the model were derived from a broad base of experimental data. The model

runs on standard computer hardware and is easily used, applicable to a broad range of

conditions and robust. Source: ARS, West Lafayette, IN)

Reference to climate generators used in the aforementioned models requires further explanation.

The three models cited carry the acronyms WGEN (Weather Generator) (Richardson, 1981;

Richardson and Wright, 1984), CLIGEN (Climate Generator) (Nicks and Lane, 1989), and

USCLIMAT.BAS (Woolhiser et al., 1988). The three models use Markov-chain wet-dry

probabilities for generating daily precipitation. WGEN describes the precipitation depth using

a gamma distribution; CLIGEN uses a skewed normal distribution; and USCLIMAT.BAS uses

a mixed exponential distribution. All generate wind, radiation, and temperature. CLIGEN also

generates terms for the infiltration component in WEPP, namely maximum precipitation
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intensity, storm amount and duration, and the time to peak intensity. CLIGEN is used in EPIC,

SWRRB, and WEPP; WGEN is used in SPUR; and USCLIMAT.BAS is used in KINEROS.

Considerable research in any hydrologic model involves efforts to parameterize the algorithms

used, for example, ARS and other hydrologic models often have problems with parameter

robustness using data from limited geographic, climatic, and land use areas. Such problems will

undoubtedly extend into the future. Users of hydrologic models need to be cautious as they use

such models in areas different from those where the calibration data was collected.

There are other models developed in ARS for various programs and specific objectives but space

does not permit their inclusion; thus, their absence is not intended to slight their importance.

Rather they are generally intended for uses other than watershed engineering/hydrology

modeling.

FUTURE HYDROLOGIC MODELING i

The use of geographic information systems (GIS), and specifically digital elevation models

(DEM), is advancing the utility of using the aforementioned models.

Brakensiek and Rawls (1989) presented an involved treatment of infiltration research needs in :!

watershed hydrology. They point out that the infiltration component in practical use is often an i

empirical model or sometimes an approximate model. Most infiltration approaches handle ;•.

spatial variability by subdividing watersheds into subareas or zones. Many of the models ■[

discussed in detail from Tables 1 and 2 use this concept. Field determination of model \
parameters or procedures for calculating model parameters from available data, although

challenging, is feasible. Thus, the watershed subdividing practice will undoubtedly continue. '

David Farrell (personal communication, 1993) recently stated, "The accuracy and reliability of

the information that is available should be a primary consideration in the development of

hydrologic procedures. Somewhat surprisingly, we seem to have convinced ourselves that if we ;

get the processes right, or think we have, our information deficiencies will not matter. An j

example that comes readily to mind is the enormous effort that has been made to define in •

physical and mathematical terms the process of infiltration. In fact, several internationally ;

acclaimed scientists have devoted entire careers to this process. Unfortunately, little serious i

attention has been given to the reality and reliability of the hydraulic properties of soils and the :

relationships that form the foundation of infiltration theory. For example, is there a unique

relationship between the water content and water potential of soils? No, there is not.

Uniqueness does not exist even for a single soil. The wetting and drying history, the

temperature, the presence of certain contaminants, all have substantial effects on this

relationship. The seasonal effects of biological activity, and the modifying effects of vegetation,

though substantial, are largely unknown and ignored. The relationship between water content

and hydraulic conductivity is also neither constant in time, nor invariant in space. Furthermore,

as the size of the land area for which a hydrologic response is to be determine increases, the

difficulties of characterizing it in a "real" sense are greatly compounded. Radical new thinking

is needed. The much used and abused approach of building models of greater and greater
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I I

T^!y ? ? overparameterization that results from this approach must be avoided
Admittedly this will raise some concern. However, the false sense of confidence that these
^ ero^" P*1*™*"** models give to less-informed scientists and users is decidedly more

Decision support systems (DSS) are an exciting new topic that impact the need for hydrologic

I™?6, / k iOn SuppOrt SyStem"is a ** °f computer programs which bring the most up-
1^ ??*? tOgether Whh ^"^ simulation models (often hydrologic and erosion

models) to help decision makers evaluate the environmental and economic consequences of such
things as alternative farming practices. The objective might then be to develop the "Best
Management Practice" which is environmentally and economically sustainable or improve
management, conservation, and protection of watershed resources. Using a decision support
system, Yakowitz et al. (1992) evaluated the impact of farming practices on ground and surfece
water quality for a field near Treynor, Iowa. This exciting approach may well be the wave of
the future. Such DSS results are strongly influenced by the hydrologic model included Thus
the future need for carefully conceived and calibrated hydrologic models ensures future efforts'
that go beyond currently available hydrologic models.

CONCLUSIONS

Numerous hydrologic models have been developed within the past couple of decades Most of
the models were developed in connection with other primary objectives, e.g. to provide the
driving mechanism for water quality. Many of the models were made easier to use by coupling
a climate generator to provide needed input data. The 11 models cited and their brief
descriptions should be helpful to potential users of the technology. Most of these models have
had widespread use (including testing, verification, and validation).
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TO* 2. AltS bydrologic model details.

Simulation

Model Process Simulated

Acronym

Continuous Storm Rainfall Excess Computation Input Needs Time Scale Space Scale

ACTMO

AGNPS

CREAMS/

GLEAMS

EPIC

HYMO

KINEROS

SPUR

SRM

SWRRB

USDAHL

watershed hydrology

erosion and chemical

transport

watershed hydrology,

non-point source

pollution

hydrology, erosion and

chemical transport

hydrology, erosion,

soil productivity

watershed hydrology,

flood hydrograph,

sediment yield

hydrology and erosion

rangeland hydrology,

plant simulation and

sediment yield

snowmelt runoff

watershed hydrology,

erosion and channel

transport

watershed hydrology

WEPP hillsope hydrology and

erosion

X

X

X

X

X

X Holtan infiltration

X SCS curve numbers

X modification of SCS curve number

X modification of SCS curve numbers

X options for curve numbers. Green-

Ampt infiltration, or Snyder retention

function

X Smith-Parlange infiltration

X modification of SCS curve numbers

a family of snow cover depletion

curves for each elevation zone

modification of SCS curve numbers

X Holtan (1965) infiltration: subsurface

drainage

X Green-Ampt infiltration

watershed data hourly

and climate data

cell and daily

watershed

characteristics

watershed daily

description and

climate data

climate and pedon daily

data

climate, channel hours

travel times,

watershed

characteristics

climate and minutes

watershed data

climate and minutes

watershed data

temperature, daily

precipitation and

snow cover

climate and daily

watershed/channel

data

climate and minutes

watershed data

simulated climate, minutes

land use, crop

sequences

field zones

cell basis for

large & small

watersheds

homogeneous

fields

homogenous

pedons

fields and

watersheds

hillslope to

watershed

fields and

watersheds

small to large

heterogenous

watersheds

small and large

watersheds

hillslope and

watershed

heterogeneous

fields

iac


