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PRECIPITATION-RUNOFF MODELING SYSTEM: WUSER'S MANUAL

By G. H. Leavesley, R. W. Lichty, B. M. Troutman,
and L. G. Saindon

ABSTRACT

The concepts, structure, theoretical development, and data requirements
of the precipitation-runoff modeling system (PRMS) are described. The pre-
cipitation-runoff modeling system is a modular-design, deterministic, dis-
tributed-parameter modeling system developed to evaluate the impacts of
various combinations of precipitation, climate, and land use on streamflow,
sediment yields, and general basin hydrology. Basin response to normal and
extreme rainfall and snowmelt can be simulated to evaluate changes in water-
balance relationships, flow regimes, flood peaks and volumes, soil-water
retationships, sediment yields, and ground-water recharge. Parameter-optimi-
zation and sensitivity analysis capabilities are provided to fit selected
mode]l parameters and evaluate their individual and joint effects on model
output. The modular design provides a flexible framework for continued
model-system enhancement and hydrologic-modeling research and development.

INTRODUCTION

The precipitation-runoff modeling system (PRMS) is a modular-design
modeling system that has been developed to evaluate the impacts of various
combinations of precipitation, climate, and land use on surface-water runoff,
sediment yields, and general basin hydrology. Basin response to normal and
extreme rainfall and snowmelt can be simulated on various combinations of land
use to evaluate changes in water-balance relationships, flow regimes, flood
peaks and volumes, soil-water relationships, sediment yields, and ground-water
recharge. PRMS 1is a deterministic physical-process modeling system. To
reproduce the physical reality of the hydrologic system as closely as possi-
ble, each component of the hydrologic cycle is expressed in the form of known
physical laws or empirical relationships that have some physical interpreta-
tion based on measurable watershed characteristics.

The modular design of PRMS provides a flexible modeling capability. Each
component of the hydrologic system is defined by one or more subroutines that
are maintained in a computer-system library. A1l subroutines are compatible
for linkage to each other. Given a specific hydrologic problem and its
associated data constraints, the user can select an established model from the
library or can design his own model using selected library and user-supplied
subroutines. The 1library also contains subroutines for parameter optimiza-
tion, sensitivity analysis, and model output handiing and analysis. The
initial system subroutines were obtained by modularizing an event-type dis-
tributed routing rainfall-runoff model (Dawdy and others, 1978) and a daily
flow rainfail- and snowmelt-runoff model (Leavesiey and Striffler, 1978), and
by writing new algorithms for processes and procedures not available in these



models. Additional subroutines will be added and existing subroutines will be
modified and improved as experience 1is gained from model applications in
various climatic and physiographic regions.

PRMS is designed to functicn either as a lumped- or distributed-parameter
type model and will simulate both mean daily flows and stormflow hydrographs.
PRMS components are designed around the concept of partitioning a watershed
into units on the basis of characteristics such as slope, aspect, vegetation
type, soil type, and precipitation distribution. Each unit is considered
homogeneous with respect to its hydrologic response and is called a
hydroiogic-response unit (HRU). A water balance and an energy balance are
computed daily for each HRU. The sum of the responses of all HRU's, weighted
on a unit-area.basis, produces the daily system response and streamflow from
the watershed. Partitioning provides the ability to impose land-use or
climate changes on parts or all of a watershed, and to evaluate resulting
hydrologic impacts on each HRU and on the total watershed.

Input variables include descriptive data on the physiography, vegetation,
soils, and hydrologic characteristics of each HRU, and on the variaticn of
climate over the watershed. The minimum driving variables required to run in
the daily-flow mode are (1) daily precipitation, and (2) maximum and minimum
daily air temperatures. Daily pan-evaporation data can be substituted for air
temperature for situations where snowmelt simulation is not required; daily
solar radiation data are recommended when snowmelt will be simulated. To
simulate stormflow hydrographs, rainfall depths for time intervals of 60
minutes or less are required. PRMS is designed to run with data retrieved
directly from the U.S. Geological Survey's National Water Data Storage and
Retrieval (WATSTORE) system (Hutchinson, 1975). However, PRMS also can use
data not stored on the WATSTORE system. Programs are available to read and
reformat these data to make them model-compatible.

The modular system approach provides an adaptable modeling system for
both management and research applications. For management problems, a model
can be tailored to geographic region, data, and probiem characteristics.
Research applications include development of new model components and the
testing and comparison of various approaches to modeling selected components
of the hydrologic cycle. New model components proposed as future additicns to
PRMS 1include water-quality compcnents and expanded saturated-unsaturated flow
and ground-water flow components.

This documentation is designed to provide the user with the basic phiios-
ophy and structure of PRMS, instructions for application of established
models designed as cataloged procedures, and instructions for interaction with
the PRMS 1library to permit user additions or modifications of model compo-
nents. The components and subroutines described in this document are those
available at the time of pubiication. However, the library is dynamic and
will be enhanced and updated through time. This manual will be updated to
reflect major additions and changes through manual inserts or republications.

A1l components of PRMS except the hydrologic and meteorologic data
retrieval subroutines (DVRETR and UVRET) are written in FORTRAN. PRMS data
sets are handled using an indexed sequential (ISAM) file structure. Because
PRMS has been developed on an AMDAHL computer system, DVRETR and UVRET are



written in PL/I programming language. To run PRMS on computer systems that
don't have ISAM file or PL/I-FORTRAN interface capabilities will require
modifications to DVRETR and UVRET. Descriptions of DVRETR and UVRET are given
in attachment VII to facilitate user modifications. Future enhancement of the
data management components includes the development of a FORTRAN-based
data-management system. This system will permit creation, editing, and
limited analysis of a PRMS data set.

SYSTEM STRUCTURE

The PRMS structure has three major components. The first is the data-
management component. It handles the manipulation and storage of hydrologic
and meteorologic data into a model-compatible direct access file. The second
is the PRMS 1library component. This component consists of both a source-
module library and a locad-module library for the storage of the compatible
subroutines used to define and simulate the physical processes of the hydro-
logic cycle. In addition, it «contains the parameter-optimization and
sensitivity-analysis subroutines for model fitting and analysis. The third
component is the output component that provides the model output handling and
analysis capabilities.

The three PRMS components are shown schematically in figure 1. Hydro-
logic and meteorologic field data are collected and stored in either user data
files or the U.S. Geological Survey's WATSTORE system. Data interface pro-
grams accept data from these two sources and convert and store the data in an
index-sequential (ISAM) file, which is fully model-compatible. The
precipitation-runoff model either is selected as a cataloged procedure from
the PRMS 1library or is created from PRMS library- and user-supplied subrou-
tines. The model reads initialization and basin characteristics information
from card-deck input and accesses the ISAM data file for hydrologic and
meteorologic data required for model operation. Model outputs can be printed
and stored for further analysis.

The major components of the PRMS structure are discussed in greater
detail in the following sections. Examples of the use of these components are
given in attachments II and III.

Data Management

The U.S. Geological Survey WATSTORE system is used for permanent storage
of hydrologic and meteorologic data. Field measurements are transmitted to
the U.S. Geological Survey Computer Center in Reston, Va., where WATSTORE data
reduction and input programs are used to stcre the data in the "Daily Values"
and "Unit Values" files. Data in these files are identified by a unique
station number and 5-digit parameter and statistic codes. STORET £PA parame-
ter codes are used to identify the type of data, and the statistic code
defines the frequency of measurement or statistical reduction of the data.
Lists and explanations of these codes may be found in Appendices D and E,
Volume 1 of the WATSTORE user's manual (Hutchinson, 1975). Typically, the
daily file will contain, for each day in the period of record, the maximum,
minimum, and mean air temperature in degrees Celsius (°C), total! solar radia-
tion in langleys per day (ly/d), total precipitation in inches, and mean



‘wa3sAs Hullepow jjouna-uoljezrdiosad ayj~-T aunbiL4

= s1uauodwo)
m U1l oSN
- ———— s
ano Ce g
_A o |3poiN spauoduio) “ Juounpes -
peijddns sasn — a1001ag 198 ’
10 Asesqry) — jjouny paicalas n A —-0510— Jowmoug -z
sjepow
sop0 03 3nduy ‘g uonendidaly _ hepney °t
solydery g sjusuodwion
sisAjrur / 1orow ie|npoy
jeonsues ‘1 ) : poloalag 1esn) /T\\//
suondQ \

eleq : L vondo
sansalovIey) /\\

wsug pue

posols vonezijeniug Sw.m_/ Juswabeuzly ejeq | tm.n\m._
a|qnedwo) wajls
FHOLSLYM " epon | ereq L asts

|
I
_ |
D | -
1asn
|__wimg__| _~ L

_
_
e By




discharge in cubic feet per second (ft3/s). The unit file is used for storage
of data collected at shorter time intervals, such as 5-minute precipitation
and discharge. The WATSTORE system also has statistical, plot, and update
capabilities that allow users to inspect and edit data.

The data-handling subroutines within the model do not access data direct-
ly from the WATSTORE system. The data-set organization required for use in
the model is an indexed sequential (ISAM) file containing both daily- and
unit-values data. A cataloged procedure, GENDISK, is available to read
sequential files containing standard WATSTORE daily- and unit-values records
and create the model-compatible ISAM file. Data contained in the WATSTORE
system are made available to GENDISK by executing standard daily- and unit-
values retrieval programs. The ISAM file may contain more data than are
needed for any particular model run, since the data-handling subroutines
within the model will automatically select the years and events reguested on
the model control cards. However, if more data than are initially included in
the ISAM file are required, the file must be recreated, since additions cannot
be made to it.

System Library

The system library is the core of the PRMS. It contains all the compati-
ble subroutines that can be used in system-defined or user-defined combina-
tions to simulate the hydrologic cycle. The structure of the library and its
subroutines is based on two model-design concepts. The first is that a MAIN
program will be used as a central point for time and computational sequence
control. Timing control maintains day, month, and year variables and incre-
ments them as required. Sequence control establishes the framework in which
the sequence of various model functions will be performed. These functions
are performed by calls to appropriate library subroutines. The timing and
sequence functions are discussed in more detail in subsequent sections. The
second corcept is that each subroutine represents one component of the hydro-
logic cycle and is designed to be as independent as possible from other
component subroutines. The necessary transfer of information between subrou-
tines is done using COMMON statements.

The PRMS 1library is composed of both a source-module Tibrary and a load-
module library. The source-module library contains the FORTRAN coded subrou-
tines. The load-module library consists of the compiled subroutines ready for
linkage editing into a complete program. Instructions for obtaining a copy of
the source-module library are given in attachment V.

The 1library provides the user several options in model development and
application. One option is the use of the cataloged procedure PRMOCDEL, which
is the compilation of the complete model system. A second option would be to
compile a new model using the System MAIN program with a combination of
library- and user-supplied subroutines. A third option would be for the user
to write his own MAIN program and use a combination of 1library- and
user-supplied subroutines. This manual primarily is directed to the first
option. However, the last two options are discussed in detail in the System
Modification section.



Qutput

The output component provides the user with several options for analyz-
ing, displaying, and storing model simulation results. Options include
various printed summaries, printer plots of observed and predicted streamflow
and sediment, and storage of observed and predicted streamflow for use with
PRMS 1ibrary, WATSTORE, Statistical Analysis System (SAS) (SAS Institute
Inc., 1982), or user-written analysis programs. Desired outputs are specified
in the data input stream.

Printed output options range from a table of predicted and -observed
streamflow values to annual, monthly, daily, or storm-event streamflow summa-
ries. Annual, monthly, or daily summaries aliso are available for major
climate and water-balance elements. These detailed summaries are available
both for the total basin and for each individual HRU.

Predicted mean daily streamflow data can be stored by water year as a
permanent file for further processing and analysis. Two record formats are
available for data storage. One is the standard WATSTORE daily-value format,
which permits the use of WATSTORE and SAS analysis programs. The second
format option is designed for PRMS library and user-written analysis programs.
It contains only the water-year date and 366 data values.

The output component is discussed in more detail in the System Output
section. Examples of the output options are shown in the System Output
section and in the samplie model runs in attachment II.

SYSTEM CONCEPTS

The objectives established to guide the design and development of PRMS
were that PRMS should:

1. Simulate mean daily flows and shorter time-interval stormflow
hydrographs for any combination of precipitation, climate, and
land use.

2. Provide model-modification capabilities to permit specific user

requirements or limitations to be incorporated.

Provide capabilities for system enhancement and expansion.

Provide error and sensitivity-analysis capabilities.

Provide a data-management capability that is compatible with the

U.S. Geological Survey WATSTORE system, but adaptable to other
computer systems.

g F W

A modular system design was selected to provide the desired flexibility and
data-management capabilities, and to allow incorporation of user-specific
requirements.

The major component of PRMS is the system library. The use of models or
components from the library requires an understanding of the basic concepts
used in its design and development. These include the conceptual model of the
watershed system, the partitioning scheme used to provide distributed-
parameter modeling capabilities, the time basis of model operation, and the
interface between daily flow and stormflow hydrograph-generation components.



Conceptual Watershed System

The watershed system and its inputs are schematically depicted in
figure 2. System inputs are precipitation, air temperature, and solar radia-
ion. Precipitation in the form of rain, snow, or a mixture of both is reduced
by interception and becomes net precipitation delivered to the watershed
surface. The energy inputs of temperature and solar radiation drive the pro-
esses of evaporation, transpiration, sublimation, and snowmelt. The watershed
system is conceptualized as a series of reservoirs whose outputs combine to
produce the total system response.

The 1impervious-zone reservoir represents an area with no infiltration
capacity. The reservoir has a maximum retention storage capacity (RETIP)
which must be satisfied before surface runoff (SAS) will occur. Retention
storage is depleted by evaporation when the area is snow free.

The soil-zone reservoir represents that part of the soil mantle that can
lose water through the processes of evaporation and transpiration. Average
rooting depth of the predominant vegetation covering the soil surface defines
the depth of this zone. Water storage in the soil zcne is increased by
infiltration of rainfall and snowmelt and depleted by evapotranspiration.
Maximum retention storage occurs at field capacity; minimum storage (assumed
to be zero) occurs at wilting point. The soil zone is treated as a two-
layered system. The upper layer is termed the recharge zone and is user-
defined as to depth and water-storage characteristics. Losses from the
recharge zone are assumed to occur from evaporation and transpiration; losses
from the lower zone occur only through transpiration.

The computation of infiltration into the soil zone is dependent on
whether the input source is rain or snowmelt. A1l snowmelt is assumed to
infiltrate until field capacity is reached. At field capacity, any additional
sncwmelt 1is apportioned between infiltration and surface runoff. At field
capacity the soil zone is assumed to have a maximum daily snowmelt infiltra-
tion capacity, SRX. All snowmelt in excess of SRX contributes to surface
runoff. Infiltration in excess of field capacity (EXCS) first is used to
satisfy recharge to the ground-water reservoir (SEP). SEP is assumed to have
a maximum daily limit. Excess infiltration, available after SEP is satisfied,
becomes recharge to the subsurface reservoir. Water available for infiltra-
tion as the result of a rain-on-snow event is treated as snowmelt if the
snowpack is not depleted, and as rainfall if the snowpack is depleted.

For rainfall with no snowcover, the volume infiltrating the soil zone is
computed as a function of soil characteristics, antecedent soil-moisture
conditions, and storm size. For daily-flow computations, the volume of rain
that becomes surface runoff is computed using a contributing~area concept.
Daily infiltration is computed as net precipitation less surface runoff . For
stormflow~hydrograph generation, infiltration is computed using a form of the
Green and Ampt equation (Philip, 1954). Surface runoff for these events is
net precipitation less computed infiltration. Infiltration in excess of field
capacity is treated the same as daily infiltration.
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The subsurface reservoir performs the routing of soil-water excess that
percolates to shallow ground-water zones near stream channels or that moves
downslope from point of infiltration to some point of discharge above the
water table.  Subsurface flow (RAS) is considered to be water 1in the
saturated-unsaturated and ground-water zones that is available for relatively
rapid movement to a channel system. The subsurface reservoir can be defined
either as linear or nonlinear.

Recharge to the ground-water reserveir can occur from the soil zone (SEP)
and the subsurface reservoir (GAD). SEP has a daily upper 1imit and occurs
only when field capacity is exceeded in the soil zone. GAD is computed daily
as a function of a recharge rate coefficient (RSEP) and the volume of water
stored in the subsurface reservoir. The ground-water reservoir is a linear
reservoir and is the source of all baseflow (BAS). Movement of water through
the ground-water system to points beyond the area of interest or measurement
can be handled by flow to a ground-water sink (GSNK) which is computed as a
function of storage in the ground-water reservoir.

Streamflow is the sum of SAS, RAS, and BAS. For daily flow simulations,
no channel routing is done.

Watershed Partitioning

The distributed-parameter modeling capability is provided by partitioning
a watershed into "homogeneous" units. Watershed partitioning can be done on
the basis of characteristics such as slope, aspect, elevation, vegetation
type, soil type, and precipitation distribution. Each watershed unit delin-
eated is considered to be homogeneous with respect to these characteristics.
Partitioning provides the ability to account for spatial and temporal varia-
tions of basin physical and hydrologic characteristics, climatic variables,
and system response. It also provides the ability to impose land-use or
climatic changes on parts or all of a basin. Evaluation can then be made cf
the impacts of such changes on the hydrology of each unit and the total
basin.

Two levels of partitioning are available. The first level divides the
basin on the basis of some or all of the physical characteristics mentioned
above. The resulting units are called hydrologic response units (HRU's), and
each is considered homogenecus with respect to its hydrologic response. A
water balance and an energy balance are computed daily for each HRU. The sum
of the responses of all HRU's, weighted on a unit-area basis, produces the
daily system response and streamflow from a basin.

The conceptual watershed system shown in figure 2 could be defined for
each HRU. However, for most small watersheds, one soil-zone reservoir is
defined for each HRU, while one ground-water reservoir is defined for the
entire watershed. One or more subsurface reservoirs are defined, depending on
variations in soils and geology.

PRMS will handle a maximum of 50 HRU's. The number and location of HRU's
for any given basin are a function of the number of physical characteristics
used in the partitioning scheme, the number and Tocation of precipitation



gages available, and the problem to be addressed by the model. There are no
hard and fast rules for partitioning currently available; this is an area to
be addressed by further research. However, the number of HRU's delineated
will influence the calibration fit of many of the model components (Leavesliey
and Striffler, 1978). A general rule of thumb currently used for daily-flow
computations for most problems is not to create HRU's smaller than 4 to 5
percent of the total basin area. Exception would occur if an area smaller
than this would have signiTicant influence on streamflow or on general basin
hydrology. A common tendency is to overpartition. Therefore, it is recom-
mended that test runs be made at a few levels of partitioning to get a feel
for the influence of the numbers of HRU's on model daily-flow response.

A second level of partitioning is available for storm hydrograph simula-
tion. The watershed can be conceptualized as a series of interconnected
flow-planes and channel segments. Surface runoff is routed over the flow
planes into the channel segments; channel flow is routed through the watershed
channel system. An HRU can be considered the equivaient of a flow plane, or
it can be delineated into a number of flow planes. Delineation of a basin
into 6 overland flow planes and 3 channel segments is shown in figure 3.
Overland flow planes have a width equal to the adjacent channel segment, and
-an equivalent length which, when multiplied by the width, gives the area of
the natural basin segment. PRMS will handle a total of 50 overland flow plane
and 50 channel segments.

Daily and Storm Modes

A model selected or developed from the PRMS library can simulate basin
hydrology on both a daily and a storm time scale. The daily mode simulates
hydrologic components as daily average or total values. Streamflow is comput-~
ed as a mean daily flow. The storm mode simulates selected hydrologic compo-
nents at time intervals shorter than a day. The minimum time interval is 1
minute. The storm mcde is used to compute infiltration, surface-water runoff,
and sediment yield from selected rainfall events.

Data required for daily simulations are input to the model 1 water year
at a time. Included in the input are the dates of storm periods within the
water year, where data are available for rainfall-runoff simulations. The
model operates in a daily mode until it reaches one of_these dates. It then
shifts to the storm mode and inputs the data available for that date. A
stormflow hydrograph and sediment-concentration graph can be simulated for
that day at a time interval selected by the user. At the end of the storm
day, control is returned to selected daily components for updating to insure
storm- and daily-mode compatibility and to compute mean daily streamflow. If
the storm period is more than 1 day in length, then control returns to the
storm mode and another day of data is input. Subsequent storm days of data
are read and used in this manner until the storm pericd terminates. The model
then returns to the full daily-mode sequence.

Summaries can be output both for daily and for storm simulations. Daily
mode computations can be summarized on a daily, monthly, and annual basis.
Storm-mode computations can be summarized for the full storm period and at a
user-selected time interval.
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Figure 3.--Flow-plane and channel-segment delineation of a basin.
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The daily mode keeps account of days using a day-month-year scheme and
three numerical sequencing indices that number days of the year from 1 to 365
or 366. One numerical index is the Julian date. This numbers the days of the
year beginning on January 1. A water-year date index also is used; it begins
day 1 on October 1. The third numerical index is the solar date. Day 1 begins
on December 22, which 1is the winter solstice, or the date oT receipt of
minimum potential solar radiation.

THEORETICAL DEVELOPMENT OF SYSTEM LIBRARY COMPONENTS

Meteorologic Data

The meteorologic data components take temperature and solar radiation
data from one station and precipitation data from up to 5 gages and adjust
these data for each HRU. Adjustment factors are computed as functions of the
differences in elevation, siope, and aspect between the measuring station and
each HRU. Local and regional climate and precipitatio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>