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1. INTRODUCTION TO CATCHMENT MANAGEMENT TOOLS

A catchment management tool (CMT) is a computer programntehéips a decision
maker design or select appropriate options for managing watatciiment scale. Some
tools may focus on water resources management, mainly retatingter quantities and
distribution and others go further and include a focus on the managemaersatesf
quality. Because of the importance of spatial variation in catchiméomation and
behaviour, most CMTs are associated with a Geographical Infomfaystem (GIS) and
because of the complexity of the processes involved in catchmemntib@hmost CMTs
require the use of a catchment model. A survey of the internatiterakure shows that
the term “catchment management tool” covers a wide range of congrognammes
with a wide range of capabilities. Most cover both water quality quantity aspects of
the catchments behaviour. However, in most the water quality aspedtso be limited
to a small number of contaminants.

This review is to inform decisions relating to a catchmentagament tool for the EPA
funded Pathways research project and we have concentrated on (§ h&tTaddress
water quality management issues and (ii)) CMTs for use iaptdtcally or technically
trained people responsible for the design, implementation or managenmeeasires for
addressing the quality of natural waters. The review does nladéendormal decision
support systems for use by a more general target group. Delerenainber 4 of the EPA
funded WINCOMS project reviews a range of decision supportragséeldressing water
guality issues and Deliverable number 6 examines in more desti¢etion of those with
most potential for use by all stakeholders. Here, in keepirty twé major thrust of the
Pathways project we concentrate on catchment management tthoks spiecial focus on
their ability to represent the various pathways taken by westat moves through the
hydrological cycle and the consequences for water quality.

The report has two main parts. In Section 2 we describe brieflyatius components of
a catchment management tool and then we focus on complete systelascribing the
15 systems which our survey identified as having some relevancthdoPathways
project. This allows us draw some general conclusions about thetcstatis of CMTs.
Then in Section 3 we examine in more detail how the individual pgthame currently
treated in catchment models. This is both to document existirggiggran modelling
individual pathways and also to identify the range of existing athmodelling
techniques available for transposition into a Pathways CMT.

2. CATCHMENT MODELLING AND DATA MANAGEMENT
SYSTEMS

2.1. Introduction

A CMT usually contain a spatial and time series data managesysteim, a catchment
model and a specialised Graphical User Interface. The choicabincent model must
be determined by the range of issues and contaminants covered 6T and by the
spatial and temporal scales at which detailed information isregfjlny the decision
maker. An inappropriate choice of catchment model and modelling approach ca
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invalidate the output from the CMT. In this report we review the state of the ataion
to CMT’s focussed on managing water quality and we also reviewhyklrological
models used in all aspects of catchment management, including vesturces
management and flood forecasting.

The choice of catchment modelling approach will determine the datarements. Data
may be spatial varying (maps) or temporally varying (tseges) and both must be
managed within the framework of the CMT. Other forms of datlude parameter sets,
constraint sets, and point information. All such data must be carafaliyaged and a GIS
packaged linked to a formal database system (DBS) is generadly Tise use of existing
GIS and DBS systems may have the disadvantage of constragiiglifty in the design

of the CMT, but has the distinct advantage of proven technology witrereasi
communication in standard data formats with outside data sources.

2.2. GIS support and links

Geographic Information Systems (GIS) are an indispensable imodiydrological
modelling and nutrient management in agricultural catchments beitaysmake use of
the capabilities of modern, high-speed computers to store, manipanatelisplay large
amounts of environmental data in a spatial format. In most CMTs hydrologockdlling
is linked with GIS capabilitiesJoroza et al., 1997

2.2.1 Types of linkage

There are four ways to link GIS with catchment models (Nye($)892) cited inGoroza
et al., 199)):

() Isolated coupling, in which the hydrological modeling and GIS systeside on
different hardware platforms, and data transfer is offline. Teshod is rarely
used although isolated systems are the easiest to set up ame tlegjleast level
of programming knowledge and experience. However, they are generdiashe
useful, because of the need to transfer data offline. An exampleclbfa model
is WATFLOOD/SPL9 (Crammer et al., 2001, Leon et al.,, 2002, Stadngk et
2005)

(i) Loose coupling, with online data transfer between software componeosjihr
data files using special linking programs, or through a commorstia Loose
coupling usees the GIS as an aid in developing the input data fildseforodel.
These preliminary input files can be modified in order to producenaplete
input files in the format required by the model. Using this apprdeth the
model and the GIS system are used without any modification (R@84). An
example of such a type is TOPMODEL. (Beven et al., 1995).

(i) Tight-coupling, with the two systems communicating intekety with each
other. A special interfacing program communicates between thea@dSthe
hydrological model and serves as a control program issuing comrbatid$o
the GIS and the model. Output from the GIS is converted into the pirgper
format for the model and then read into the model. Output from the madel
likewise be converted to a GIS format and then displayed by theABlof these
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operations are carried on under the control of the interface prdifasn, 2004).
Examples are ANSWERS and AGNPS.

(iv) Full integration, which does not require a linking program, but the &i&
models share a common data store and user-interface which coee ane
software product. Typically, with this method the hydrological masledoded
within the built-in programming or macro language of the GIS anddirast
access to the facilities of the GIS. In a fully-integratgdteam, the model is
embedded as a component in the host GIS application (Pullar and Sgi@f@r,
and therefore modelling is performed entirely with the GIS. niptas of
catchment models fully-integrated within a GIS are SWAT, AVIG-, and
HSPF (MAPWINDOWS).

The level of system coupling between a model and a GIS haspacti on the reliability
and ease of use of the system. Well integrated systems warkadeerent whole and still
afford flexibility for modifying the modelling scenario (Pullar and &gar, 2000).

2.2.2 Most commonly used GI S platforms

A range of reliable GIS tools are widely available nowadagmeSare free e.g. GRASS,
PCRaster, MapGuide, Mapwindow, and OpenMap while others are progoiatyercial
packages and must be purchased or licensed, e.g. ArcGIS (ArcVeéwraimfo) and
Mapinfo.

2.2.3 Portability

Portability has five aspects

(i) Hardware: This is less an issue nowadays as desktop PCs and |ppssess
sufficient resources and computing power to run complex problems. dduodi-
processors open up the possibility of having the hydrological modeGEhdun in
parallel on separate CPU cores within the same PC, sharing common meacety sp

(i) Operating system: There are two widely used operating sygtmps, Windows and
Unix (including Apple’s operating system and Linux). Most gener&@ @bls can
operate on windows-based PCs but there are still some that oparaeUNIX
system, Table 1.

Table 1 GI S platform availability

Arc/Info | GRASS| Maplnfo | MapViewer| WIinGIS | MapWindow

Windows| Yes No Yes Yes Yes Yes

Unix Yes Yes No No No No
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(i) File formats: Each GIS system has its own native @itenats for spatial and other
data. However, many systems have tools for importing data frioen GiS systems
so this is less of an issue now.

(iv) Programming language and support tools: Each modern GIS can banpmogp to
do complex tasks automatically. This is usually done with a uniqueonfe@mgyuage
which must be leaned or with a built-in high-level languageudifBasic is a
common choice of many systems, but the programs for each are mssady
interchangeable as the support subroutines (or tools) they calbaviflifferent in
each different system.

(v) Degree of integration of GIS and hydrological model. Hydrolog{catchment)
modeling tools are frequently used with GIS systems. The higiegtee of
integration is when the hydrological model is written in the @ogning language
of the GIS package. The alternative is to have the hydrologicdEl as an external,
stand-alone, package. In this case the GIS is effectively apdepost- processor for
the hydrological model, but the latter can be compiled for usedani(fGIS system
or platform.

2.3. System outputs

The outputs produced by existing catchment management tools include

() Time-series of catchment outflows. Typically daily or holiyt many models can
have shorter or longer time-intervals. The appropriate intervaksndeon catchment
size and response time and on the purpose of the analysis. Annual s\eragels
can be calculated from the daily or hourly values.

(i) Time-series of pollutant concentrations. Typically calculated tfie same time
intervals as the discharge time-series but can be different.

(i) Summary of annual water balance. A water balance calculation monghly or
annual basis or over the entire data period is a very usefulctdrdsation of the
catchment and is a good check on data consistency

(iv) Summary of annual pollutant export. The total annual export of an gredutant
from a catchment or subcatchment is estimated and reported. stemsywith
dynamic models, the estimation is done from the concentration andrgsclea at
the modelling time-scale and aggregated to the annual scalesyBtams with
empirical export coefficient equations, the estimate is made at the amnersidale.

(v) Pollutant critical source area maps. As export data is dstiataubcatchment level,
the average export per unit area for each subcatchment can batedl@ard a map

can be produced colour coded to identify the subcatchments of high and lowsexpor

The spatial resolution of this mapping depends on the number and sibe of
subcatchments and this is generally under the control of the user.

(vi) Actual evapotranspiration from each sub-catchment can be output asetie® or
mapped.
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(vil) Some CMTs generate their own meteorological inputs for usienulating projected
scenarios (e.g. climate change effects) or for Monte canlation (e.g. for
sensitivity analyses). Where this is done, the system can obggenerated climate
variables,

2.4. Most commonly encountered Management Systems

Here we identify and review the most commonly encountered cat¢hmeemagement
systems. Our literature search yielded 15 systems for ¢kisw. Each review below
starts with a short description of the purpose and origin of thensy#ten lists the input
data required and outputs produced. The hardware and software reguinea the

system are specified.

2.4.1 BASINS

Description:

Better Assessment Science Integrating point and Nonpoint SqBRAE$NS) is a system
developed by the US EPA to meet the needs of local, stategdeadhf US agencies. It
integrates a geographic information system (GIS), nationakstete and meteorological
data, and state-of-the-art environmental assessment and mod®lsigito one package.
Originally released in September 1996, BASINS addresses threetiadge (1) to
facilitate examination of environmental information, (2) to provide iaregrated
watershed and modelling framework, and (3) to support analysis of grminhonpoint
source management alternatives.

BASINS supports the development of total maximum daily loads (T8)Dwhich are
the main regulatory quantities used in the USA. Calculating trexpére a watershed-
based approach that integrates both point and nonpoint sources. BASINS\aatesa
variety of pollutants at multiple scales, using a range of nrgl&ols from the simple to
the sophisticated.

BASINS can be used to suggest the cause(s) of contaminatedesueters from point
and nonpoint-source pollution, wet weather combined sewer overflows (G&@))
water management issues, and drinking water source protecA®iNB is also used in
urban/rural landuse evaluations, animal feeding operations, and halaitetgement
studies. It is also used in an educational setting, providing schooleduuational
institutions with a quick, free resource of GIS software andasarfvater data for the
United States.

The heart of BASINS is its large suite of interrelated compts®r watershed and water
guality analysis. These components are grouped into several categories:

1. Nationally derived environmental and GIS databases for the US

2. Assessment tools (TARGET, ASSESS, and DATA MINING) for evaluatingmwat
guality and point source loadings at a large or small scales;
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3. Utilities including local data import and management of localewajuality
observation data

4. Two watershed delineation tools

5. Utilities for classifying, based on elevation (DEM), landuse|ss@nd water
guality data

6. BASINS has an in-stream water quality model (QUALZ2E)

7. BASINS has a simplified GIS based nonpoint source annual loading model
(PLOAD)

8. Two catchment models that include pollution loading and transport (lA8&F
SWAT)

9. A postprocessor (GenScn) for model data and scenario generator tozejsual
analyze, and compare results from HSPF and SWAT; and

10.Many mapping, graphing, and reporting formats to assist in using NBASI
outputs in reports.

BASINS' databases and assessment tools are directly integridién an ArcView GIS
environment. The simulation models run in a Windows environment, usingngatt i
files generated in ArcView (Figure 1).

Data Requirements and System Outputs:

Inputs: DEM (shape files and grid datasets), landuse/ landcover datéypsmilweather
data (location of weather stations and weather data), environmedeafrbund data,
environmental monitoring data (water quality monitoring stations anenadition data),
and point sources/loadings data.

Outputs: Maps, graphs, and tables summarizing point and nonpoint pollution in
catchment (flow, sediment load, nitrogen, phosphorus, bacteria, and pesticides.

HSPE HSPF produces a time history of the runoff flow rate, sediroact, and nutrient
and pesticide concentrations, along with a time history of wptantity and quality at
any point in a catchment. Simulation results can be processedjlthaofrequency and
duration analysis routine that produces output compatible with conventiorcltgycal
measures (e.g., 96-hour LC50).

SWAT: SWAT produces daily runoff flow rate, pollutant values at botkehraent and
sub-catchment levels.

QUALZ2E: QUALZE produces a table contains flows, velocities, trave tidepths, and
cross-sectional areas along each reach and water qualitytwemistoncentrations along
areach.
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Figurel BASINS screen shot

Platform, Operating system, Hardware and software requirements:

Platform: PC

Operating System: Windows

BASINS can be installed and operated on a standalone, internet @shiWgctdows
compatible 32 bit personal computers equipped with the software, random accesy mem
(RAM), virtual memory, and hard disk.

Softwar e requirements: Microsoft Internet Explorer 5.01 or later.

GIS engine: ArcView 3.1, 3.2, or 3.3 (required); with the Spatial Analyst extension
(preferred). BASINS 4.0 contains the installation program foropan source GIS
program (MapWindow).

Homepage: http://www.epa.gov/OST/BASINS/

Source: Standards and Health Protection Division (4305T)

Office of Science and Technology, Office of Water, U.S. EnvironaleRtotection
Agency, 1200 Pennsylvania Avenue, NW, Washington, DC 20460

Cost & License: Free, no license required.

Availability: can be downloaded from the BASNS webpage.

Training: Lectures, data sets and exercises are available and workshB8gsSIoiS can
be arranged. See http://www.epa.gov/waterscience/basins/training.htm.
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2.4.2 MIKEBASIN

Description:

MIKE BASIN is a general multi-purpose GIS-based modelling system fegrated river
basin management and planning. It generates a mathematicalergpt®n of the river
using a network configuration of the main rivers and their tributaries, thelbggrof the
basin in space and time, existing as well as potential maf@structure schemes and
their various demands for water. It simulates natural inflows tipheil multi-purpose
reservoir operation and water right allocation in river basinsdbasea prioritized water
accounting procedure. It allows for conjunctive use of surface vaatkrground water.
An extension to the basic module includes water quality simulatioedbas point and
non-point sources.

In order to support the identification and assessment of policiescastd efficient
strategies for meeting the legal and institutional accessquirements, a GIS-based
Decision Support System (DSS) has been developed which

* Provides a national overview of pollution sources, river systems, water quality
conditions, existing water supply and waste water treatment facitg@mical
options for improvements and associated costs;

» Assesses water quality conditions as a consequence of applying different
regulatory strategies and estimate the corresponding investments antbo@erat
maintenance costs;

» |dentifies least cost strategies for meeting specified efflusdibawater quality
standards.

» Estimates economic and financial implications of accession, includingsetiec
investment programmes, recurrent costs and financing options

Model Structure or Mathematical Basis:

1. MIKE BASIN is a deterministic, conceptual, distributed and continuous time
modelling system

2. The model was developed for river basins with mixed land use accounting for water
allocation simulation for agricultural and urban water supply. It performs aesimpl
water accounting procedure for each node and between nodes taking into account
possible routing mechanisms. It is applicable for river basins at anyasigieg from
small systems to large scale international river basins. It can incasenaral river
basins so can simulate inter-basins transfer schemes.

3. The principal processes it represents are: rainfall- runoff, river floaegses (with or
without routing) ground water (linear reservoir approach, complete watardesl for
reservoirs including rainfall/evaporation on lake surface), and water qogtfityoff
and river flow.

4. Point sources(e.g. water supplies with associated treatment plants)l as mon-

point pollution can be modeled. Non-point pollution e.g. total nitrogen and
phosphorus loads, can be specified by the user and can include their seasonal

Draft --- 12



Pathways Project Review of Catchment Management Tools

variation. The Load Calculator is a part of the MIKE BASIN water quality neodul
that allows easy integration of other GIS-based data for automatic calcudat
loads. For example, if GIS data on agricultural landuse is available (by attatine
district) and sewered population (by potentially different districts), thehdhd
Calculator will process them to identify the effective loads per catchnpogsibly
modulated by runoff (which is important for phosphorus modelling).

Water quality in reservoirs and groundwater is modelled ak asduming perfect
mixing.

Data Requirements:

The model requires time series data of catchment run-off (irersnof naturalized flow)
for each branch of the river/stream network, DEM (shape files addigtasets), landuse/
landcover data, soil type, weather data (location of weathéorsaand weather data),
environmental background data, environmental monitoring data (wateryqualittoring
stations and observation data), and point sources/loadings data.

Additional input files define reservoir characteristics and op®ratules of each
reservoir, meteorological time series, and data pertinent ter wights (water supply or
irrigation) such as diversion requirements and other information describing fleius.

Outputs:

MIKE BASIN produces, at user specified time intervals,ow to all nodes (shown on
the GIS map), reservoir water levels/storage, abstractions inglugpecification of
shortages. The system also calculates concentrations and loadsmohiamnitrate,
oxygen, total phosphorus, E. coli, BOD, and any other user-defined sub$tagce
salinity). MIKE BASIN also produces monthly tables for each no@e/uscluding basic
statistics. It can display with colours the conditions throughout tstersyat any point in
time, and animate the conditions for a specified time periodrddts can be displayed
as maps in ArcGIS, HTML tables, animations, databases. Thepecdinked to Excel
spreadsheets for further analysis or as input to specialist pnog=mwritten in Visual
Basic or .Net

Platform, Operating system, Hardware and software requirements:

MIKE BASIN runs within ArcView utilizing a fully Windows intagted Graphic User
Interface under Windows 95, 98 or Windows NT, XP. It requires a Pe®uiviHz or
more processor with a minimum of 32 MB RAM and 1GB hard disk.

Homepage:

http://www.dhigroup.com/Software/WaterResources/MIKEBASIN.aspx
http://www.crwr.utexas.edu/gis/gishyd98/dhi/mikebas/Mbasmain.htm
http://hydrologicmodels.tamu.edu/MikeBASIN.doc

Source:
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DHI agent in Ireland:

Alan G. Hooper, CDM, 8 Floor, O’Connell Bridge House, D'Olier Street, Dublin 2, Co.
Dublin.

Tel.: 01 672 2700;

E-mail: hooperag@cdm.com

Cost & Licenselicense required, for cost contact DHI agent

Technical Support and Training:

Software support centre (technical support):

E-mail: software@dhigroup.com

Tel: +45 4516 9333(Open 7.30-16.00 GMT)

Fax: +45 45 16 92 92

Training: http://www.dhigroup.com/Software/Training.aspx

2.4.3 Watershed Modelling System (WMS)

Description:

The Watershed Modeling System (WMS) is a comprehensive, modgiaphical
modeling environment for all phases of watershed hydrology and ulg$taWMS
includes powerful tools to automate modeling processes such as autobzesia
delineation, geometric parameter calculations; GIS overlay cotiqnga(CN, rainfall
depth, roughness coefficients, etc.), and cross-section extractionein@im data. It thus
provides the inputs required by a range of hydrologic modeling gmgysuch as HEC-1,
HEC-HMS, TR-20, TR-55, Rational Method, NFF, MODRAT, OC Rational, HSP
XPSWMM, and EPA-SWMM. It also provides similar support for agenf hydraulic
models including HEC-RAS, XPSWMM, EPA-SWMM, SMPDBK, and CE-QUAI2.
Two-dimensional distributed hydrologic models (including channel hydsaudind
groundwater interaction) can be created with GSSHA, developed hySemy Corps
of Engineers. Essentially, WMS is a pre- and post- processor for all of tioeetsm

The WMS interface is separated into several modules; eachringttools for creating
and manipulating model inputs and outputs from different data types. These are:

Map and GIS Modules: provide a suite of tools for defining watershed data in a GIS and
then using the information to directly create and manage hydecobgd hydraulic
models. Results of watershed and floodplain delineations can alswdxk inathe map
module and converted to GIS data layers for export.

Terrain Data Module: to create, edit, and preprocess all digital terrain data, whieétlser
a TIN or DEM. In WMS, topographic data can be contoured, displayed imuebliew

with mapped images and hidden surfaces removed, and several other aiglas that
can be set to visualize and understand the land surface better.

Drainage Module:  Automatic delineation of streams and watershed/sub-basin
boundaries based on the land surface represented by the DEM or a TIN.
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Hydrologic Modeling Module: Each hydrologic model supported by WMS has a
defined graphical interface in this module (HEC-1, HEC-HMS, TR-2®;5%, NFF,
Rational Method, HSPF, MODRAT, OC Rational, XPSWMM, and EPA-SWMM
Through this interface, the model input parameters can be viewed aed. &latershed
models built using the Map or Drainage Modules are linked to plsiathematic (tree)
representation in the Hydrologic Modeling Module.

River Modeling Module: This processes digital terrain and map data (TINs and
coverages) to build the basic geometry necessary for a 1@ulgdmodel, such as HEC-
RAS, SMPDBK, XPSWMM, and EPA-SWMM.

Scatter Point Module: used to interpolate data from scattered points to grids or TINs.
WMS supports several interpolation schemes including linear, nateigthbor, inverse
distance weighted, and Clough-Tocher. Interpolation from 2D scattetadisglaised
primarily for floodplain delineation in WMS.

2D Grid Module: used for surface visualization and for the development of distributed
(2D) rainfall/runoff analytical models.

Data Requirements and System Outputs:

Data required by WMS include: Digital elevation models (DEMsTINS), scanned
maps, aerial photos, soil type and land use, discharge hydrographs apithgicactime-
series.

WMS is compatible with many spatial data formats e.g. UBESIs, USGS NED data
ArcGIS Raster (ASCII format), ESRI Shape files, DXF and DWG CAd3 f
TIFF, JPEG, and MrSID images.

Model Output

Depending on which module is run, the outputs can vary but may includeshexteand
sub-basin delineations, flow paths on the entire terrain model, flood@hireation and
mapping, flood extents and flood depth maps, and storm drain networks.

The main outputs of the hydrologic Modeling Module are: time®on€entration, rainfall
depth mapping, and runoff coefficient calculations, calibrated paresnetedetention
basins (reservoirs), and calibrated flow parameters of culverts, weirspandioannels.

Platform, Operating system, Hardware and software requirements:

Windows 2000/XP, 1.5MhZ processor, 512 MB RAM, 1024x768 Display, 300 MB disk
space

Homepage:http://www.aguaveo.com/wms

Cost, License, & Availability:
Seehttp://www.aquaveo.com/wnfser pricing

Training:
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http://www.aquaveo.com/training-courses

2.4.4 SOBEK

Description

SOBEK was developed jointly by Dutch public institutes and privatswtants, mainly
by Deltares and Delft Hydraulics. SOBEK is a generalwso® package for the
integrated simulation of water flows and water quality processeaivers, estuaries,
canals or sewer networks. It is a powerful instrument for flooelcasting, optimisation
of drainage systems, control of irrigation systems, sewer lowedesign, groundwater
level control, simulation of river morphology, salt intrusion and surface wateryqualit

SOBEK is equipped with a very robust numerical scheme that haddyesy and
flooding and sub- and super-critical flows efficiently. It hasvater quality process
database and editor so the user can specify the water qualiysses to be simulated.
There is a flexible link to various GIS systems. SOBEK alkava for the integration of
user-defined modules through the use of specific data exchange formats.

User Interface

SOBEK has a unique interface concept (Figure 2) where the seihof interface tools is
used for all SOBEK modules. Examples of these interface tools are the @aagdy| the
Case Analysis Tool and the GIS network editor NETTER.

SOBEK will link with
* The OpenGIS environment NETTER. This environment is free of charge. It
allows for the import and export of a range of GIS formats. The NETTER layers
provide an extremely fast data access while performing map based input data
editing and post processing of results.

* A Map Front End approach which allows SOBEK components to be plugged into
GIS environments such as ArcGIS.

SOBEK reads all standard GIS formats, and layered maps cenrpbgeéd and all objects
and their ID's can be used directly. SOBEK even allows the gggorerof a complete
network schematisation on basis of a vector layer. It is alssljd@2o define a SOBEK
schematisation in a GIS environment and export it to SOBEK.

SOBEK Models

SOBEK can simulate fresh water management scenarios in Fueal and Urban
systems alike, Table 2. Each is done with a different module a@adirdasfer between
the modules is fully automatic and modules can be run in sequescauwtaneously to
facilitate the physical interaction.

SOBEK-Rural
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SOBEK-Rural is a tool for modelling irrigation systems, landitage systems, natural
streams in lowlands and hilly areas. Applications are typicalgited to optimizing
agricultural production, flood control, irrigation, canal automation, reseopmeration,
and water quality control. SOBEK-Rural can also answer questions amatsed
pollution loads in response to growing urbanisation.

The software calculates the flow in simple or complex chane®lorks, consisting of
thousands of reaches, cross sections and structures. For more lietainfall run-off
process of urban areas and various types of unpaved areas can Hedntadehg into
account land use, the unsaturated zone, groundwater, capillargndsthe interaction
with water levels in open channels. For water quality and environhematalems the
water quality module can simulate a wide range of scenarios.

SOBEK-River

SOBEK-River is designed for simple and complex river systents estuaries. It
simulates the water flows, the water quality and morphologleahges in river systems,
estuaries and other types of alluvial channel networks. The netwamkisecbranched or
looped. SOBEK-River can account for complex cross-sectional profdesisting of
various sub-sections.

The Windows-based interface makes it user-friendly and easyetoDirect on-screen
display of the river network gives you an overall view of your system.

Table2 SOBEK modules and applications

Application / Module Rural Urban River
Hydrodynamics
1DFLOW v V v
Overland flow (2D) Vv v
Hydrology
RR (rainfall runoff) Vv Vv
Morphology
1DMOR v
( + sediment transport)
Water Quality
1DWAQ v V
2DWAQ v
Emissiong v
Real Time Control
RTC simulation v v

SOBEK-Urban

SOBEK-Urban models urban drainage systems consisting of sewmes, channels,
storage tanks, reservoirs, control gates, pumps and weirs. It esmeddor the design of
new urban areas and the analysis and improvement of existing onesiodakecan be
used to investigate what measures will prevent drainage cangestieet flooding and
water pollution from sewer overflows. The return period of stremidihg and sewer
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overflows can be analysed using long time series of rainfadl diastorm events. The
model helps to find out how the performance of the urban drainage sysierbe
improved by a better operation of pumps gates and weirs.

SOBEK-Urban’s graphic display superimposes the hydraulic compooeatsa (GIS or
aerial photo) map of the area to create a layered overvieheaidtwork (sewer pipes,
manholes, canals, weirs and pumping stations). Animation options showebgodi of
flow and by varying the thickness and colours of network elemdhtgymut and
computed parameters can be visualised.

Scenario Modelling

SOBEK can evaluate the effectiveness of measures taken joakegstem running at
peak efficiency. Specifications for manual or automatic operatiguioips, sluice gates,
weirs, storage tanks and other structures can be incorporateal intalel, providing a
realistic picture of how a system behaves in extreme sosn@ig. storms, high winds
and pollution loads).

Inputs:

Area schematization (mesh and network, topography, cross-secti@nactehnistics of
structures, open boundary locations), process selection, initial conditzami|l time
series and any other inflows, initial water levels, timg,stemputational parameters, and
output options.

Outputs:

Hydraulic outputs: floodplain inundation extentand depth, discharge, flow welmott
water depth

Water quality outputs: salinity, E.Coli, faecal and total, BOD, temperature, Organic
C, N, P, and Si, inorganic P, ammonium, nitrate, silica, algae, awy Imeetals can be
displayed as maps, graphs, tables and animations to facilitatearthkysis and
dissemination of results.

Homepage:
http://delftsoftware.wldelft.nl/

Software and Hardware Requirements

Operating System: Windows 98/XP/ XP Prof/NT.

For normal applications SOBEK needs at least 100 Mb of fré&esg@sce and a Pentium
Il processor with 64 Mb memory. For optimal performance a Pentiuprdtessor, 128
Mb memory, and 1 Gb of free disk space is recommended.

Computational cores, such as the 1D2D Hydrodynamic simulation emgihspon also
be supported on GNU/Linux distribution: Redhat Enterprise 4 release 3.
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Availability, License, and Cost

Two license types are supported: single user and concurrent aa@ndl network
licenses. For license cost, please check web-site: http://delftseftmidelft.nl/

Contact: Edward Melger, SOBEK Product Manager,
Phone: +31(0)88 335 8550
Fax.: +31(0)15 285 8582
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Figure2 SOBEK graphical interface
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245 MONERIS

The GIS-oriented model MONERIS (MOdelling Nutrient EmissionRIver Systems)
was developed at the Institute of Freshwater Ecology and InlandriEgsheeibniz,
Germany. It is a multipurpose environmental model system with three maitivegec

* To identify source of nutrient emissions on a regional basis
» To analyze transport and retention of nutrients in river systems
» To provide a framework for examining management alternatives

Because many states and local agencies use a catchmeshiappsoach to implementing
the Water Framework Directive, the MONERIS system is goméd to support
environmental and ecological studies in a catchment context. Ttemsis designed to
be flexible and can support analysis at a variety of scales.

Seven contamination pathways can be simulated by the MONERIS model:
() point sources (discharges from municipal waste water treatment plants and
direct industrial discharges)
(i) inputs into surface waters via atmospheric deposition
(i) inputs into surface waters via groundwater
(iv) inputs into surface waters via tile drainage
(v) inputs into surface waters via paved urban areas
(vi) inputs into surface waters by erosion
(vii) inputs into surface waters via surface runoff (only dissolved nutrients)

Input data Requirement and Model Outputs

Spatial input data (Gl S data):

River network, land surface digital elevation model, land useifitzdé®n data, digital

soil map for physical-chemical soil parameters, hydrogémbgmap, depth of
groundwater table (near and remote groundwater resources) withiivéheatchment

area, meteorological input data, data on atmospheric deposition ajemtoxides and
ammonium, and digital maps of the administrative areas (distregfgns, and countries)
in the river basin which are required to derive population information and N-surplus.

Data for calculating point sour ce emissions (WWT Ps):

Discharge water loads, current treatment, current capadityVWTP, volume of
wastewater discharge ffarea), total load discharged into receiving waters (t/asee),
plant capacity as inhabitant equivalents

Monitoring data for surface water:

The water quality database should contain fortnightly and monthlyssafueontaminant
concentrations and daily or weekly discharge at various pointsgtéxdm the source of
the river downstream to the outlet. Typical nutrients include Ammdid), Nitrite as
Nitrogen (NQ), Nitrate as Nitrogen (N§), Phosphates (R{) Total Phosphorus (TP).
Temperature data is needed for nitrogen retention calculations.

Management and agricultural data:

Data on population, cultivation and livestock numbers for municipalitiestricts are
required.
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Outputs

MONERIS produces estimates of annual loads through each of tmedlgfoints and

diffuse pathways. It estimates nutrient retention and loss wikl@nriver system itself

(i.e., the stream's self-purification processes). The fingubus an estimate of annual
nutrient load in the river at the outlet of the study catchment, hwisicequal to the

emissions into the river via point and diffuse sources minus theatstl nutrient

retention and loss within the river system. The programme can prodage tables,

graphs of the waterbalance (flow), Emissions (both net and tatalanl compare the
results of various management scenarios

Hardware and software requirements

MONERIS is designed to be used with MS-EXCEL and can be operielBM

compatible personal computers (PCs) with a 1.6GHz or better parcds GB RAM,
Operating system WINDOWS 2000, XP, ARC View 3.2 or ARC GIS 9e&lsheet
software MS-Office EXCEL 2003 (this is an indispensable req@ntrsince MONERIS
2.0 does not run with EXCEL 2000 or later versions).

Source

Contact: Horst Behrendt, Forchungsverbund Berlin e.V., Muggelseedamm 310,
12561 Berlin, Germany.

Phone: +493064181683

E-mail: behrendt@igb-berlin.de

Homepage: http://www.icpdr.org/icpdr-pages/item20080506172727.htm
The MONERIS user manual: can be downloaded from this homepage.

2.4.6 NELUP

Description

The NERC-ESRC Land-Use Programme (NELUP) was initiadeti989 to investigate
techniques for producing a decision-support system for land-use plannibg tha
incorporated the socio-economic mechanisms of land allocation coestraéy our
scientific understanding of the physical and ecological environméstdin purpose is

to provide quantitative economic and environmental comparisons of both present a
alternative future scenarios that are relevant to land-usequkanrhe result of this multi-
disciplinary research programme was the NELUP decision-suppst¢nsy(DSS) for
analysing the implications and predicting the impact of agri@lltand-use change at the
river-basin scale (O’Callaghan, 1995).

NELUP uses a general systems framework for organizing the langeunts of

information that are relevant to land-use decisions. The first lsvilnat of empirical
information which contains the descriptive data from which more sogdtisti levels
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may be constructed, ranging from physically based models, thimogkstems to the
individual and political levels. An holistic and structured approachdspted for
organizing information at the different levels and making itlgasicessible to users in a
decision support system. The level of the open systems of livingnisnga and
ecosystems is where socio-economic demands impact on the envircamdemathere
ideas of sustainability and environmental carrying capacity havatop®al meaning for
planners and managers (O'Callaghan, 1995).

DATABASE GRAPHICAL
USER
GRASS | gl MODELS — = INTERFACE | USER
ORACLE
Economics
Ecology
Hydrology
el ——— o] ———— o} —4—————
-
et
DECISION SUPPORT SYSTEM

Figure3 Structureof NELUP

Three sets of models (Figure 3) underpin the NELUP DSS, {Qudimiral economics, (ii)
ecological and (iif) hydrological. These models are used toifgdené characteristics of a
region under its present land use and to evaluate how these chstiastetil respond to
specific land-use modifications. There are two routes by whiahdiuse change may be
imposed within the system. The first is an indirect route, wiyetlee economics models
predict how land owners respond to economic policy shifts through chamdgnd use
and land management. The second is a direct route, wherebyespao#fas of land cover
are changed to a different type.

Agricultural economics

The agricultural-economics component consists of two linear-progragnmodels, a
catchment-level model and a farm-level model. The catchment#evdél predicts the
aggregated behaviour of a region by treating the area as a-faaor The advantage of
this is that, within a single simulation, the model can accounthB®mwide variation in
agricultural activity that can exist across a region. Pteditand-use patterns can be
disaggregated into a finer spatial-resolution by categoriiagregion according to its
agricultural-production potential. The farm-level model works onnalai basis to the
catchment-level model. However, it is used to investigate the @iteasponse of a
particular type of farm to changes in agricultural policy.

Ecology
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Within the ecological component, specific models predict the diswibudf various
species within the landscape and the effects of environmentalgerapat on these
distributions.

Hydrology

There are two modelling systems in the hydrological component. The NUARRRQ)
system uses a conceptual, spatially aggregated modelling appwadbésdribe the
movement of water and contaminants at the river-basin scale.s@¢end system,
SHETRAN uses a detailed physically based distributed modelppgoach to provide
more information about the hydrological system, at a much firsalugon. The two
modelling systems are operated in a similar manner to tiheubigral economics models,
with NUARNO providing an overview of the catchment hydrology and SRI&EN
providing a capability for analysing smaller-scale problems in muchegreetail.

GIS-Based Decision Support System (DSS)

The GIS-Based DSS was designed to: (i) integrate models egwerbonomics, ecology
and hydrology that describe the changes in the spatial patttarestry and land use and
the impacts of these changes; (ii) integrate nationallyaaidata sets within a database
which describe the biophysical and economic conditions within a riv@n;band (iii)
create an interactive, user-friendly interface to the datalask models to allow
exploration of future land use scenarios.

Hardware and Software Requirements

Grass —GIS, UNIX

Source:
Contact: Dr. Sarah Dunn, The Macaulay Land Use Research Institute,
Craigiebuckler, Aberdeen, AB15 8QH, Scotland, UK.

E-mail: s.dunn@macaulay.ac.uk
Phone: +44 (0) 1224 395000
Fax: +44 (0) 1224 395010
2.4.7 NL-CAT

Description:

In the Netherlands, the model STONE (Wolf et al., 2003) is usesstsa the long term
impact of nutrient management strategies and manure legistetioitrate concentrations
in groundwater and nutrient load of surface water systems on a nationdSstedamans
et al., 2004). This model consist of a fertilizer and manure diswitutiodule (CLEAN
or MAMBO), a hydrological model (SWAP) and a soil-water gyatitodel (ANIMO).
The model estimates nutrient losses from agricultural land amdahatreas to surface
waters. However processes and transport within surface watersot modeled in
STONE so an improved model, NL-CAT, (Nutrient Losses at catcheoate) was built
(Schoumans et al., 2005) containing the two important STONE compd@am® and
ANIMO in combination with a surface water quantity and a surfaatemguality module.
The SWAP module (Kroes and Van Dam, 2003) is used to generate lgycabiaput to
the ANIMO module (Groenendijk et al., 2005). ANIMO simulates the muitrgcle in
soil and the nutrient leaching to groundwater and surface waterfac& water
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discharges are simulated by the SURFACE WATER module (&nait, 2009). Finally,

simulation of surface water quality processes and retentidnnvat (large) catchment is
performed by the NUSWALITE module (Siderius et al., 2009). To quatitd amounts

of P (and optionally N) added to the surface water system viacgudrosion, the NL-
CAT model was extended with a simple erosion module; P-USLE, loastie modified

and Revised Universal Soil Loss Equations (Renard et al, 1997) andnempéz in a

GIS-environment.

iorahison

ARAR ANTMO
Hydrologicalmodule. | | (e emme e -p il and groundwatar

PUSLE gualify modile
l Erosion l
%
SHETE Muswalite
Hpdrauliemodule % |ccccscsss== p|  Surface wafer gualify
Model output

Figure4 NL-CAT structure

Input:

Meteorological data: precipitation, evaporation, solar radiation, and sunshine hours.
DEM, Land use, soil type, cop distribution.

Groundwater levels, drainage, and boundary conditions (e.g. abstractions, recharge).
Nutrients amount of manure and chemical fertiliser spread on land.

For calibration: discharges at measurement stations, N- arabrigentrations at the
measurement station, N- and P- loads at measurement stations.

Outputs

Discharge at measurement specified locations
N- and P- concentration at specified locations
N- and P- loads at specified locations

Source:

Contacts: Ir. P Groenendijk , Postbus 47, 6700AA, Wageningen, the Netherlands.
Phone 0317-486434
Fax 0317-424988
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E-mail: Piet.Groenendijk@wur.nl

24.8 REALTA

Description

The Realta model identifies potential agricultural risk aetasRiver Basin District level
and quantifies phosphorus export rates from the River Basin Distnigtits main
subcatchments. It uses a GIS to investigate the relationshipdrebavget of agricultural
indicators and water pollution potential. Variations in both physieald]l characteristics
and usage (management) practices are considered to influensk thiephosphorus loss
to surface waters.

The factors considered in evaluating the potential for loss andptndnsf phosphorus
from agricultural systems are as follows:

(@) Runoff Risk to Surface Waters: The physical charatitrisvhich influence the
transport of phosphorus to surface waters: geology, soil type, stlapeamfall are
combined in a runoff risk map.

(b) Land use.

(c) Soil Phosphorus Levels.

(d) Mineral Fertiliser Loading.

(e) Organic Fertiliser Loading (cattle, sheep).

(f) Organic Fertiliser Loading (Intensive Agricultural Enterpsisepigs, poultry).

Other factors that have a significant bearing on phosphorus losagooalture include
farmyard condition and the management of land spreading activAtiesqual bias for
these factors is assumed across the River Basin Distritte absence of quantitative
information.

However it is considered that the organic loading data inretetts this variation in that
greater volumes of manure are generated, stored and disposed ofsirofat@gher
stocking density.

Development of the Potential Agricultural Risk Map

A ranking scheme, similar to that suggested by (Magette,iskieyl et al. 2007), is
developed whereby each of the phosphorus loss indicators is subdivide@dnet of
relative risk, each of which has a numerical value for scoringoses. The relative
importance between factors is also represented by a further scatamsyr ‘weighting’.
A ‘score’ or ‘rank’ for a given combination of factors affectilogs and transport of
phosphorus is developed in two steps. In the first step, the weight loffactor is
multiplied by the relative risk associated with the magnitudeagh factor. Then all the
products are summed up.

The resulting composite map establishes the range of potentialilagal risk areas

across the River Basin District. The ranking scheme developedllf@redominantly

grassland catchments in Ireland is shown in Table 3.

The total scores used to derive the potential risk classeb@tm $sn Table 4. At present
landuse data is only used to distinguish between agricultural and nookagal areas.

Non-agricultural areas are excluded from the analysis.
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The potential agricultural risk map is updated once in everyylaegs when agricultural
statistics are made available from census data and/or national fary datae

Calibration of the Potential Agricultural Risk Map

The potential agricultural risk map is calibrated on an annual lbgsie physical
measurement of in-stream phosphorus loadings in selected agacwdteas. These
physical measurement results are then extrapolated across adacdhe main
subcatchments to enable the quantification of the annual phosphorus etgbdmathe
River Basin Districts.

The application of the model therefore requires a limited progearamphysical in-

stream measurements in small agricultural areas eachtydake account of annual
variations in hydrological conditions, farm management practices,tlae associated
impacts on agricultural losses to water.

Boundary Conditions

The conceptual boundary of the model is the point at which thealu$dransport of
phosphorus is measured in-stream from predominantly agricultues @rermally 10-30
km? in size).

Input requirements

The main model input parameters, ranked in order of their importhigteeét to lowest)
are as follows:

(i) Organic Fertiliser Loading; Land Use; Runoff Risk to Surface Ygate

(i) Soil Phosphorus Levels

(ii)) Mineral Fertiliser Loading

Validation Requirements:

Annual phosphorus export loading from the River Basin District and thm ma
subcatchments, for a 2-3 year period; and annual quantification of all goiurce
discharges within the River Basin District.

System Strengths
* The model has proven to work in Irish grassland catchments.
» Data requirements are available for most River Basin Districts.
* The model is relatively easy to use and is therefore cost effective.

System Weaknesses
* In-stream and lake retention is not included.
» The model has not been tested outside Ireland.
» Additional calibration data will be required for land uses and alimi@l practices
not found in Ireland.
* Alimited programme of physical in-stream measurements is requicédyear.

Temporal and Spatial Resolution
Temporal resolution: The quantification of phosphorus export ratestherRiver Basin
District can be updated annually.
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Spatial resolutionAgricultural data of the highest resolution available for the RBasin
District should be used to maximize the performance of the modeglamd, agricultural
statistics available at a District Electoral Division le(@proximately 10-15 kf) have
been successfully used in conjunction with CORINE land use data.

Source:

Contacts: Dr Alan Barr (Main Contact) or Ms Alison Murdock, Kirk McClureadxon,
74 Boucher Road, Belfast BT12 6RZ , Northern Ireland.

Phone
E-mail;

+44 2890 667914
alan.barr@kmm.co.uk (Alan Barr)

alison.murdock@kmm.co.uk (Alison Murdock)

Table 3 Phosphorusranking scheme and risk classes for agricultural catchments

Phosphorus Ranking Scheme | Factor Risk Class Score
for Irish grassand catchments | Weighting
Factor
Chemical Fertiliser 12 1. (0-9 kg/ha) 0.8
Loading 2. (10-11 kg/ha) 1.6
3. (12-14 kg/ha) 2.4
4, (15-19 kg/ha) 3.2
5. (20+ kg/ha) 4.0
Organic  Fertiliser  Loading 24 1. (0.0-1.0 LU/ha)* 1.0
(cattle, sheep, poultry) 2. (1.0-1.5 LU/ha) 15
3. (1.5-2.0 LU/ha) 2.0
4, (2.0 + LU/ha) 4.0
Organic  Fertiliser  Loading 24 1. (low potential) 0.8
(piggeries) 2. (moderately low potential) | 1.6
3. (moderately high potential) | 3.6
4. (high potential) 4.0
Soil Phosphorus Levels 16 (0-5 mg/l) 1.0
2. (6-9 mg/l) 2.0
3. (10-14 mg/l) 3.0
4. (15+ mgl/l) 4.0
Runoff Risk to Surface Waters 24 (very low risk) 1.0
2. (low risk) 15
3. (medium risk) 2.5
4, (high risk) 4.0

*Unit LU/ha is livestock units/hectare
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Table4 Total scoresfor derivation of potential risk classes

grassland catchments Total Score Potential Risk Class
0 Non-agricultural areas
0-120 Index 1 Low Risk
120 - 200 Index 2 Medium Risk
200 — 280 Index 3 High Risk
>280 Index 4 Very High Risk
2.4.9 TRK System
Description

TRK is a tool developed in Sweden for nitrogen (N) and phosphojugr¢Bs and net
load calculations, retention and source apportionment. The TRK sysipports
calculations of concentration and area losses of diffuse sourcel {fom arable land
using the dynamic soil profile model SOILNDB), calculations of\tla¢er balance (using
the distributed dynamic HBV model) and N transport and retentioregses in water
(using the HBV-N model). The results are presented in the @lghizal interface, and
source apportionment is carried out for each sub-basin as well afole river basins.
Results from the system have been used for international repottansport to the sea,
the assessment of the reduction of the anthropogenic load on thiedska guidance on
effective measures to reduce the load on the sea at the natialeal The tool is applied
in Nordic countries and Sweden.

The TRK system combines

1. Preparation of maps of areal distribution of different land-usegaats and
positioning of point sources using GIS;

2. Calculations of concentration and areal losses of diffuse sdfioces from arable
land by using the dynamic soil profile model SOILNDB);

3. Calculations of the water balance (by using the distribyedncic HBV model) and
N transport and retention processes in water (by using the model HBV-N).

The results are presented in the GIS, and source apportionmentasfanaghch sub-

basin as well as for the whole river basins. The results from the systerbéwmv used for

international reports on the transport to the sea, (e.g. for OpfARhe assessment of
the reduction of anthropogenic load on the sea and for guidance oiveffaetsures for

reducing the load on the sea on a national scale.
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Processes within the TRK system

N- leaching from arableland:

Generalized N root-zone leaching estimates for arable landacelated using the
SOILNDB modelling tool. SOILNDB is a management oriented rimdetool based on
the one-dimensional SOIL-SOILN models describing N dynamics a@sgk$ in arable
soils, a parameter database and parameter estimatiortratgorirlhe method is based on
calculating a number of standard N leaching rates (definedheagsate that nitrogen
leaching would occur from the root zone for a specified yedreifweather and harvest
were normal) for a number of combinations of soils, crops and fatidiz forms and
regions (catchment, area etc.).

Catchment modelling of water discharge:

The HBV model is a conceptual, continuous, dynamic and distributechllaimioff
model. The catchment is divided into several coupled sub-basins andy aveger
balance is calculated for each sub-basin using daily prempitand temperature data
from climate stations. It provides daily values of areal pretion, snow accumulation
or melt, soil moisture, groundwater level, and finally, runoff from y\8eib-basin, and
routing through lakes and larger basins.

N transport and retention:

The HBV-N model simulates N transport and retention in groundwater, and lake

systems at the catchment scale. The N model is integratethetHBV-model and has
separate routines for daily simulations of inorganic and organichBl.soil leakage from
different land-use types is mixed with discharge from rural houdehat the

groundwater. Concentration variations in the local runoff, due to baalbgnd chemical
processes in e.g. open ditches and riparian zones, are describednpith fanctions

mainly based on temperature, concentration and hydrology. TheNoaahoff is then

mixed with contributions from upper sub-basins and lake water. Initbe and lake

routines, atmospheric deposition of Nitrogen on the water surfacehantbad from

industry and treatment plants are included. N retention is caldulatevers and, more
importantly, in lakes. The inorganic N may be reduced due to deniiofica
sedimentation and biological uptake, while organic N may incrdaseto biological

production or decrease by sedimentation and mineralisation.

P-leaching from arable land:

P transport is based on water discharge simulated by HBV likedhpirical, multiple
regression, models. Four parameters influence the P conaamtfedim arable land,
livestock density, P concentration in topsoil, duration of high water flow, and area.

Model input requirements:

SOILNDB:

Crops types

Harvest & crop management

Fertilization and manure details

Soil type (texture) and organic content

Atmospheric deposition rates & concentrations

Meteorological data (air temperature, precipitation, air hugiditlar radiation data, and
wind speed)
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HBV:

Digitalized subbasin boundaries and elevation maps

Land cover maps

Daily precipitation and temperature from climate stations

Average potential evapotranspiration

Lake rating curve and regulation regime for hydropower reservoirs

Observed time-series of water flow in the river

Validation data: Time-series of several years of dailynonthly water flow, groundwater levels,
observations in rainfall and discharge, snow-cover, snow depths, ana-frazend depth.

HBV-N (additional to the HBV-input data):

Soil type and crop distribution of the arable land

Soil leakage concentrations

Lake depths

Atmospheric N-deposition

Point-source N emissions

Rural households and person equivalents of N contribution

Observed time-series of N in the river

Validation data: Time-series of several years of gamples; N@s, NH,, Org.N, Tot.N in up-
stream subbasins without lakes, at several sites along theeitérn, and at lake outlets.

TRK-P:

Livestock density

P concentration in topsoll
Runoff

Soil specific area
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Figure5 Pathwaysin the TRK (HBV-N) system

Model Advantages:

* Integrated catchment modelling

» Enables large-scale applications

* Process-based with scenario possibilities

* HBV and HBV-N includes an automatic calibration routine
» Validated against independent measurements

Model Limitations

* Model set-up may be time-consuming

 Simplified process descriptions involves uncertainties

* Internal variables that are unvalidated (involve uncertainties)

Temporal resolution

The method calculates normalized nutrient load for a specific year.

SOILNDB: The model runs with a daily time-step and resulés aygregated to give
annual standard arable root-zone N-leaching estimates.

HBV: The model runs with a daily time-step and results areeggted to give annual
normalized runoff coefficients.

HBV-N: The model runs with a daily time-step and results gggemyated to give annual
normalized retention coefficients.

Spatial resolution

The catchment is subdivided into a number of sub-basins. The number ofissiijaad
thereby spatial distribution) is chosen by the modeller for each application.
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Source:

Main contact: Helene Ejhed, IVL Svenska Miljoinstitutet AB/ IVL Swedish
Environmental Research Institute, Swedetene.ejhed@ivl.se

Alternative contacts. Berit Arheimer, SMHI, 601 76 Norrkdping, Sweden,
berit.arheimer@smhi.se

Holger Johnsson, Dep. of Soil Sciences, SLU, Box 7072, 750 07 Uppsala, Sweden
jonas.olsson@smbhi.se

2.4.10 Water Evaluation And Planning System (WEAP)

Description:

WEAP is a user-friendly software for surface and groundwassurce simulations. It is
based on water balance accounting principles and can be applied tondlzgrieultural
systems, a single watershed or complex transboundary river hyastems. WEAP is
designed as a comparative analysis tool. A base case is deyedopethen alternative
scenarios are created and compared to this base case. Usaiygtémes projections can
be made to assess changes in water demand, supply, and pollution lomgrterm
planning horizon to develop adaptive management strategies. The modalilias
models for: rainfall runoff and infiltration, evapotranspiration, crogunements and
yields, surface water/groundwater interaction, and instream weptality. WEAP
operates on the basic principle of a water balance and waspledeat the US branch of
the Stockholm Environment Institute, Boston, Massachusetts, USA.

The Stockholm Environment Institute provided primary support for the develadpof
WEAP. The Hydrologic Engineering Center of the US Army CafpEngineers funded
significant enhancements. A number of agencies, including the UN, World BankDUSAI
US EPA, IWMI, Water Research Foundation (formerly AwwaRF) &mel Global
Infrastructure Fund of Japan have provided project support.

Themain features of WEAP are:

0] An intuitive GIS-based graphical interface to provide a simple,ppsterful,
means for constructing, viewing, and modifying the model configuration.
Elements can be overlain on a map built from Arcview and other sthi@l&
and graphic files and edited on-screen

(i) Wizards, prompts, and error messages provide advice throughout the program.

(i)  What-if analysis of various policy scenarios and long-rangenpig studies.
Adaptive agriculture practices such as changes in crop mbp evater
requirements, farm management strategies, canal linings, ehangreservoir
operations, water conservation strategies, water use efficgogyams, changes
in instream flow requirements, and implications of new infrastractur
development.

(iv)  WEAP was designed to produce outputs suitable for direct inclusicgports.
The user may customize reports as graphical, tabular or mag-bagsut and
select from a number of formatting options (e.g., metric agliim units, years,
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absolute levels, percent shares, or growth rates). Specific reporturatibgs can
be saved as "favourites," to be retrived in the future.

Using WEAP generally involves the following steps:

Study definition: to establish the problem configuration and to set-up the time frame
spatial boundaries, and system components.

Current accounts: A snapshot of actual water demand, pollution loads, resources and
supplies for the system are developed. This can be viewed dbraticam step in the
development of an application.

Scenarios: A set of alternative assumptions about future impacts of policisss, and
climate, for example, on water demand, supply, hydrology, and pollution can be explored.
Evaluation: The scenarios are evaluated with regard to water sufficiesasts and
benefits, compatibility with environmental targets, and sensitiaityricertainty in key
variables.

& weap: Weaping River Basin [;

Area  Edit Wiew Schematic  Gerneral  Help

v/ 2 River (3] North
w| 7 Diversion Aguifer
v| & Reservoir [ \“jrr

W = Groundwater [2]
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v| @ Catchment p!.]nduhStg
v ~>Rurft/Infiliation arth (2)
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Figure 6 Graphical User | nterface of the WEAP system

Inputs

» Configuration of the system (can use GIS layers for backgroumtif@mponent
capacities and operating policies
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« Water demand:. Spatially explicit demographic, economic, crop water
requirements, and current and future water demands and pollution generation.

* Economic data: Water use rates, capital costs and discount rate estimates

» Water supply: Historical inflows at a monthly time-step armligdwater sources.
Scenarios: Reservoir operating rule modifications, pollution chareyes
reduction goals, socioeconomic projections, water supply projections.

Key Outputs:

Mass balances, water diversions, sectoral water use, benefggsysirio comparisons,
pollution generation, and pollution loads.

The outputs can be displayed as maps, tables, graphs, and charts.

The system also provides a dynamic links to spreadsheets and other models.

Sources:

Contact: Jack Sieber, Senior Software Scientist, Stockholm Environment Institute (SEI)
In USA; SEITellus Institute, 11 Arlington St., Boston, MA 02116-3411 USA

Phone: +1.617.266.5400

E-mail: weap@tellus.com

Website: http://www.weap21.org/.

Documentation: WEAP21 User Guide; available online at
http://www.weap21.org/index.asp?doc=08

Training:

3-day courses available at the Stockholm Environment Institute'sGé&er, Boston,
Massachusetts, USA.

http://www.weap21.org/index.asp?doc=06.

On-line tutorial available at http://www.weap21.org/.

Hardware and Software Requirements

200 MHz or faster Pentium class PC with Microsoft Windows 95ter (@ 400 MHz PC
with Windows 98 or later is recommended).

A minimum of 32 MB of RAM and 50 MB of free hard disk spacalso required (64
MB of RAM recommended).

Microsoft Internet Explorer version 4.0 is required for viewing WWESAHTML Help.
Monitor should be set to a minimum resolution of 800x600, but preferably evieer hig
(e.q., 1024x768 or 1280x1024), to maximize the presentation of data and results.

Cost, License, & Availability:

Free for Non-profit, governmental or academic organization basea developing
country.

Academic license (except developing countries): $1000,

Commercial License: $ 3000.
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2.4.11 Watershed Management Decision Support System (WAMADSS)

Description

The Centre for Agricultural, Resource and Environmental SystenfSRES) at
University of Missouri-Columbia, U.S. developed a watershed managedeergion
support system (WAMADSS) by integrating Arcinfo GIS wittGNPS, the Soil and
Water Assessment Tool (SWAT) and the Cost and Return Estif@#dE) model to
aid in development of water quality management plans. The systenbec used for
evaluating the environmental and economic impacts of changing lamdand/or
management practices (LUMPS).

WAMADSS has three major components: a graphical user intef@idé, a GIS, and a
modelling system.

(i) Graphical User Interface (GUI): composed of visual objects such as menus, buttons
and input fields, the GUI provides an interactive interface for deired model inputs
and entering parameters. It also provides access to them@l&adelling system and
allows the user to select LUMPSs, parameter values and evaluation criteria.

(i) Geographic Information System (GIS): The use of GIS minimizes the time required
to describe the spatial detail of a watershed. The GIS, indkes ARC/INFO, is used to
manage spatial and tabular database, generate model paramétpresent water quality
/leconomic results of baseline and alternative LUMAPs. The ARCriMhanguage
(AML) generates the GUI.

(i) Modé€ling System:

Agricultural Non-Point Source Pollution Model (AGNPSmulates erosion, sediment,
runoff, and nutrient (nitrogen and phosphorus) transport from agricultatarstheds for
individual storm events.

Soil and Water Assessment Tool (SWAWhich models continuous behaviour, is also
integrated into the package. It is a continuous daily time-stegehwhich simulates the
impacts of alternative land use management practices on esuafat ground water
quality. The purpose of incorporating both AGNPS and SWAT in WAMADSS pffer
the user more options for evaluating the impacts of alternative LUMPSs.

Cost and Return Estimator (CAREpIculates annualized net returns of a particular
spatial configuration of LUMPs at a acre, field and watersheid.bEse spatial input data
needed to calculate annualized net returns include: set-asidesneguir total acres per
field, planted acres per field (total acres times proportiont@d, initial crop yields and
cost of production per acre. Cost of production is estimated from cetgh YWUMP and
average costs of farm labor, fertilizer, pesticides, fuel and machineryteeputip
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Figure 7 Graphical User |nterface of the WAMADSS

Spatial Data Process

WAMADSS divides the watershed into grid cells with a specitiath resolution using
the watershed boundary map layer. The central points of all glil are extracted as
point coverage in Arcinfo to represent the watershed. The point gavésdinked to
other spatial data through the spatial location of those points, i.eotdh@inates of those
points and other relational INFO files through their identifaratitems. The digital
elevation model (DEM) is created from the digital contour cagerusing the same
resolution. The slope and aspect coverage are generated from DElveahdn linked to
each central point. Other spatial layers including soils, landandehydrology are first
rasterized using the same data resolution to identify theypai) tanduse categories and
stream type in each cell. The rasterized grids are then #t®o that soil, landuse and
stream information can be linked to each central point. The resuMNiR@ file of the
central point coverage contains all spatial information, such asetheumber, landuse
category, soil type, stream type, aspect, and land slope.
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2.4.12 Catchment Management Support System (CMSS)

Description

WInCMSS is a tool for catchment managers and planners to exdahenanpact of
changes in land use and/or land management practices, onquatiy in catchments
(Davis and Farley (1997). In addition, it provides an instream nutassimilation
component if net loads leaving the subcatchments are required. Siteensyas designed
to assist a decision maker engaged in policy development (DavisSaaley, 1997). The
model was developed at CSIRO Land and Water, Canberra and it is bwri@8IRO
and Land and Water Resources Research and Development Corporatiog @satand
and Water Australia).

WInCMSS is ideally suited to a “first cut” analysis of tim@jor contributors of sediment
or nutrients from a catchment. Since the model does not considetdgydor any time-
variant components, it is restricted to long-term average bmlravie. average annual
loads of pollutants (usually Total Phosphorus and Total Nitrogen). CM&Saverage
annual loading rates (T/halyr) to describe nutrient generatlmnrdtes are representative
of “net delivery” (i.e. the delivery process is not explicitypresented) and the results are
simply summed over an area. Both diffuse (i.e. areal) and pointesowfcnutrient
generation are included when calculating total load. The streoftkdVSS lie in its
simplicity and its ability to encapsulate a wide range of gotdiatives. Policy scenarios
can be easily developed and compared.

Limitations

CMSS does not consider hydrology or any time-variant components restricted to
long-term average behaviour. CMSS was designed for the typibgic policy
planning process and is not intended to be a substitute for detailedquatity models.
It is a useful first-cut tool for any catchment water qualityestigation. It comes with
extensive supporting material to assist with catchment descrigtnd derivation of
appropriate generation rates.

Data requirements

Most applications use published data for the loading rates fronratiffédand uses,
modified for local conditions if suitable data exist. The procekscollating the
information on land uses, point sources and loading rates can be bualtwider process
of stakeholder engagement and so CMSS can be a very useful toalfimgg shared
understanding about the basics of water quality in an area. Unleskighly tuned to
local data, CMSS is not appropriate for use in target settingpplications where
accurate quantitative estimates are necessary.

For the model, the following data is needed:
(i) subcatchment map
(i) land use map (where land uses are differentiated on rib&iient generating
capacity)
(i) nutrient generation rates for these land uses.

For assimilation and routing between subcatchments, the following is needed:

() a time of travel coefficient for each subcatchment
(i) an assimilation coefficient for each subcatchment.
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Once the basic data is loaded, WinCMSS predicts the average amtdeht loads.
Additional data can be supplied, e.g. slope, rainfall, which describefahnacteristics of
the catchments. Then, the power of WinCMSS is that practicespaliles can be
incorporated involving changes, either in land use or land managemsegart tof the
studied catchment. Variations in model attributes can be usedpteseatation the
implementation of policies, either at the whole catchment or indilydaa sub-basin
scales. When assigning practices and policies, the modeler ntusjudsh between land
use and land management. Land use is what the land is actually used.faoairy
farming, and land management is how that land use is manageaises of wastewater
lagoons below dairy sheds. A distinction is also made betweencpsaeind policies. A
management practice is an action carried out by a land owénarperson responsible
for the land use. A management policy, however, is a statemeneof byt a government
or other organisation about how they intend to induce land owners to undexakiain
management practice.

References and training

Appendix A in Cuddy and Reed (2005) contains references for an extdissiof papers
and documents that describe CMSS and various applications. Some dréhasailable
from the WinCMSS Toolkit Product website.

Training is provided on an as-needs basis by contacting the Prodonagé&taThe model
can be obtained from http://www.toolkit.net.au/

System requirements

WIinCMSS is programmed in Borland C for Microsoft Windows. It requia¢ least
16MB of RAM and 10MB of free disk space.

Source

Contact: Susan Cuddy, CSIRO Land and Water, Australia

Phone: (02) 6246 5705
fax (02) 6246 5845
E-mail: Susan.Cuddy@csiro.au

2.4.13 EveNFlow

Description

EveNFlow was developed at ADAS, U.K. as a robust modelling sykiemstimating
inorganic nitrogen fluxes and concentrations in river waters, ptymaiginating from
agricultural land, for any catchment within England and Wales. J$ters is intended to
work in two modes: the national mapping of annual total nitrate logsses spatial
resolution of 1 krfiand the simulation of daily river flow and nitrate concentratirtie
mouths of river catchments that are between 100 and 2,00 larea.

EveNFlow is a semi-distributed model with five modular components:
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Component 1: A soil nitrate model that simulates the soil crop interacti@t tontrols
the mass of nitrate present in the soil at the onset of wirderagje that is vulnerable to
leaching. The model contains elements of the NITCAT (Lord, 1992),YRNLE
(Scholefieldet al, 1991) and MANNER (Chambeet al, 1999) field scale models of
nitrogen cycling under arable grassland.

Component 2:_ A soil drainage model composed of elements from the MORECS Hough,
M. and Jones, R.JA. (1997) and IRRIGUIDE (Bailey & Spackman, 1996)
evapotranspiration models.

Component 3: A leaching function that predicts the cumulative proportion of available
nitrogen that is leached as a function of rainfall and soil wadetent. The model was
derived from the SLIM and SACFARM models (Addiscott and Whitmore, 1991).

Component 4: A drainage routing model based upon a one-dimensional form of
TOPMODEL (Beveret al, 1995). The model simulates the river hydrograph and mixes
rapid and slow soil drainage derived from different depths in the soil profile. The model is
parameterized from soil HOST class data (Booretaal, 1995).

Component 5: This estimates nitrate retention in the rivers. Retention irfexguor the

vadose zone is currently not simulated, but can be by applicatioendfification rate

parameters from de Witt (2001) to the deepest soil water stahe irouting model. The
retention in the river is calculated on a daily basis using é&apnelationships between
discharge and channel geometry to estimate the proportion of niérateved by bed
processes.

Input requirements

The system requires statistical data on land use, farmingigescclimate and soil
characteristics, collated at a spatial resolution of one squkmmdtre as a National
Environment Database. The data required by each component is described below:
Component 1 (Soil Nitrate):

Crop types and vyields, fertilizer and manure management, soilatygpheharacteristics,
grazed stocking density, mean climate data.

Component 2 (Soil Drainage):
Soil type and characteristics, daily weather data, crop type.

Component 3 (Soil Leaching):
HOST class, soil type, and characteristics.

Component 4 (Drainage routing):
Soil Host Class.

Component 5 (Nitrate Retention):
River network, river bed characteristics, and point source inputs.

For model validation:
* Observed river flow data time series;
* Observed nitrate concentrations in river.

Outputs
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The model outputs daily flow, concentrations and loads, and so is al#dpttoe system
dynamics.

Model Advantages:

» Data required are typically widely available;

* In principle the model does not require calibration for application to new
catchments;

» EveNFlow is a conceptual approach and is of relatively low to moderate
complexity;

* The model components are modular and can be validated independently;

* The model includes snowmelt and in-river retention modules;

* The model operates on a daily time-step

Model Limitations:
* EveNFlow does not explicitly model the interaction between the zoné and
groundwater.
* In EveNFlow, crop growth is not subject to nutrient limitation. Tredet does
not simulatel weather related variation in crop yields and doesexjicitly
model net nitrogen mineralisation.

Spatial resolution

For EveNFlow the smallest unit is 1 kmin practice the catchment is subdivided into
group response units (1-10 Rnbased upon topography, rainfall and HOST (Hydrology
of Soil Types) classes.

Source:

Contact: Dr Steven. G. Anthony, ADAS Woodhorne, Wergs Road, Wolverhampton,
WV6 8TQ, UK.

Phone: +44 (0)1902 693192
E-mail: Steve.Anthony@adas.co.uk

Or, Dr Martyn Silgram,
Phone: +44 (0)1902 693354
E-mail: Martyn.Silgram@adas.co.uk
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Figure 8 Data structures of EvenFlow

2.4.14 Total Catchment Management (TCM)-Manager

Description:

TCM-Manager, integrates both resource data storage faciétes hydrological and
contaminant models into a single, user-friendly, interactive grabimterface to provide
both advice on environmental impact of land-use change (expert $yatemell as
decision support. This method attempts to provide the planner/managesimjile
environmental simulation software (Martens and DiBiase, 1996).

TCM-Manager has several practical characteristics intended tdtal catchment
management:

(1) Provision of a natural resource inventory.

(2) Capable of large-scale impact assessment.

(3) Capable of long-term planning of multiple and complex land-use changes.

(4) Suitable for sensitivity analyses.

(5) Assessment of accumulated environmental impact.

(6) Determination of best management practices (BMPSs).

Three modules are incorporated into the system architecture:
(1) Database management system: The database managenant r&yists on the input
of topographic and land-use information for a given region. This is maiggulto

establish the fundamental site MAP. MAP information is contaimedeveral layers
including land-use, run-off coefficients, soils, and geology.
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(2) Model base management system: The model base module incapaithte
hydrological and contaminant modelling algorithms. These are piyntancerned with
either simulations of storm events (STORM) or annual estimates (ANNUAL)

(3) Dialogue generation and management system: The dialogue g@sneaatd

management system allows for selection of appropriate modelgravides the frame-
work for users to specify scenario queries and reporting formats.

Hardware and software requirements:

IBM PC computer or compatible with more than 8MB main memory
Windows 3.X, Windows 95, NT
C++ compiler

Sour ce:
Contacts: Martens and Associates Pty Ltd., Locked Bag 12, Newton, MSC 2042,
Australia.

Phone: +61-2-95195970,
Fax.: +61-2-95191535.
E-mail: ma@mpx.com.au
[ ] i '
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Figure9 General conceptual architecture of TCM -M anager
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2.4.15 Elbe-DSS

Description

The Elbe-DSS is a computer based system for integratedb@san management of the
German part of the River Elbe basin. Simulation models are tsedssess the
performance of measures such as reforestation, changes afitagalcpractices or the
efficiency of wastewater treatment plants at achievinghagament targets. The
MONERIS, see § 2.4.5 and GREAT-ER (Feijtel, Boeije et al. 1998gPklunday et al.

2009) systems are integrated into the Elbe-DSS (Berlekamp, Laatemb al. 2007) to

assess nutrient and pollutant loads.

MONERIS calculates nutrient inputs from diffuse and point sources sub-catchment
scale of about 1000 KNGREAT-ER is a tool for exposure assessment of point source
emissions and considers fate in sewage treatment plants hsaswdegradation and
transport of contaminants in rivers. Both models make long-term poedictout their
spatial scales of operation differ. GREAT-ER divides the whebr network into small
segments that are linked through a routing algorithm. The segmentsoapled to
MONERIS using an accumulated flow length distribution. Linkingtiko models allows

the simulation of both diffuse nutrient emissions (calculated frorNERIS) and point
source emissions (from GREAT-ER) to the river network, wherbédudegradation and
transport processes are simulated.

Components of the DSS

(i) GIS-based user interface: which allows flexible e@syse access to pre- and user-
defined scenarios.

(i) Graphical User Interface: This is in addition to the @Giferface and it integrates a
database management system (DBMS) and a knowledge-based toolbox.

(i) Models (MONERIS and GREAT-ER): MONERIS calculatesitrient inputs of
phosphorus and nitrogen into river basins. It simulates the averagestamd¢ptids of P-
and N from point and non-point sources. It also calculates diffuse inputed by
erosion, surface runoff, groundwater flow, tile drainage, atmosplieposition and
impervious urban areas for each of the sub-catchments.

GREAT-ER is an aquatic fate and exposure assessment mbdel calculates
concentrations of hazardous substances released by point sourcesywage treatment
plants. The model takes into account emissions from households and ihdugtrig,
degradation in sewer system and wastewater treatment plantsdofgpen treatment
efficiency.

GREAT-ER is able to assess uncertainty in its outputs by rgnMionte-Carlo
simulations, but MONERIS is a deterministic model without the pdigiof Monte-
Carlo simulations.
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Figure 10 Integrating data and processes between GREAT-ER and MONERIS

Inputs

Input data required by MONERIS are landcover, soils, hydrogeologtchment
boundaries, elevation, municipal census data, river network, and populatiaty.dens
GREAT-ER needs information of discharge attribute, hydrologica¥ tonditions and
substance specific data. Discharge attributes are quantifiesizasand type of the
discharge sites, namely connected population, industrial equivalents, wastewater
flow and the type of wastewater treatment.

Mean and low flow values together with the mean flow velocitynamessary for each
river reach. Substance related data can be classified into@mulsga, physico-chemical
properties and more general parameters determining the fas®iter, e.g. elimination
rates, elimination efficiencies in the sewerage system and the seeaigecint plant.

Outputs
MONERIS: N and P loads (see § 2.4.5)

GREAT-ER's direct output is a set of pollutant concentrations at a set of points in a river
network.

Hardware and Software Requirements
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PC (2000 MHz or more, 1024 MB of

RAM, Windows NT/2000/XP)

Software required: Excel 97 or higher
Program languages: CCC, Python, Fortran77
Program size: 500 MB including data

Availability

Availability: CD from developer, free of charge

Contacts: Dr. Sebastian Kofalk, German Federal Institute
of Hydrology (BfG), Scharrenstr. 2-3, 10178, Berlin, Germany

Phone: +49 30 63986 436
Fax: +49 30 63986 438
E-mail: kofalk@bafg.de

2.4.16 Catchment models as management systems

Some catchment models can be applied to a study area to evalatéasd-use/nutrient
management strategies and therefore such models can bgedass management tools.
These models are capable of simulating nutrient loss from cattinveould generally
be linked with a GIS tool, and would certainly have to be distributeature. A number
of the catchment models already reviewed (see Appendix C) doigltide classified as
management systems. These are: SWAT, SWIM, INCA-N and IRCAAPEX,
WAFLOOD, ANSWERS, HSPF, and AVGWLF. However, these have not bedndied
in this section as they generally require more expertise fr@mtodeler and/or have
other limitations.

2.5. Comparison and Evaluation of existing CMTs

Table 5 summarises the capabilities of the catchment maeageaols reviewed here.
Table 6 lists some of their operating characteristics atileT/ summarises their input
data requirements. All except one (WMS) have some water quadithelling capabilities
however, some are limited to sediment, N and P. Those that can tsinmtae
contaminants than sediment, N and P are BASINS, MIKEBASIN andEBOR\II three
can simulate bacteria and other contaminants and could be candidatexisting
catchment management tools were being considered. All three fommeorganisations
with extensive experience of hydraulic and water quality modeltigyvever, each has
some individual disadvantages;

(i) BASINS was developed for use in the USA and is written to axterasily with
USA data sources. However, it is possible to edit Irish data emuoccomply
with the input formats required by Basins ((Nasr, Bruen et al. 2086wever,
this procedure must be done individually for each catchment and mightdave
be redone each time a new version of BASINS is issued. Althoughndeal
solution, an experienced GIS could be trained to perform this stephdor t
program operator. In terms of integrating new pathways into the Imibike
would require modifying the FORTRAN source code. This procedurdoéas
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done in the UCD Centre for Water Resources Research for sothe ofodels,
e.g. SWAT and HSPF) but is difficult and requires a specialsirological
modeller with computer programming experience..

(i) MIKEBASIN is based on the MIKE SHE hydrological model. This a
distributed physically-based model and is one of the most detailedoamglex
models available. It is a commercial model so the source sodetinormally
made available to users to facilitate the incorporartion oftiaddi pathways or
modifications of existing pathways are not easily done by the. \&ach
improvements could be incorporated by the model developer in its upmyede
but this would be subject to negotiation between model users and developer.
Specific licences would be required for each user. The MIKE &pfifoach (as
implemented in SHETRAN) has been tested (and compared to two other
hydrological models) in some Irish catchments for modelling phosphaf& (
LS-2.2.2) and its performance was not the best of the models evaluated.

(i)SOBEK is used in Holland and concentrates more on the prod#sa whannels
with less focus on modelling processes within the catchment.

While any of these three models could contribute significanthatohecnent management
activities, none seem to have the flexibility to address theféeys of the Pathways
project on identifying, quantifying and modelling the various patsvof water flow

through a catchment and the water quality implications. In panticidae can easily
incorporate any new conceptualisations that may emerge from the project
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Table5 Summary of CMTs: modeling capabilities

System Critical Water Quality| Hydraulic  attributes Models Models Suitability for
Source Flow | components (reservoirs,  pumps Erosion/ assessing: land-usg
Areas etc.) Sediment changes, nutrien
transport/ management, wate
measures
BASINS Can be| Yes Nitrogen, Reservoirs yes SWAT All 3
displayed Phosphorous Lakes, HSPF
on GIS Bacteria, Dams, QUAL2E
map Pesticides Irrigation demand
(L and C)
MIKEBASIN Can be| Yes ammonia, nitrate, | Reservoirs yes MIKESHE All 3
displayed Total nitrogen| Hydropower EUROSEM
on GIS oxygen, total| Irrigation demand
map phosphorus, E. colil, Lakes
BOD, and a usert
defined substance
(e.g., salinity). (L
and C)
WMS Can be| yes No Lakes, reservoirg,yes hydrologic models (HEC-1,Water use managemer
displayed weirs, culverts HEC-HMS, TR-20, TR-55
on GIS Rational Method, NFF
map MODRAT, OC Rational,
HSPF, XPSWMM, ang
EPA-SWMM.)
Hydraulic models (HEC
RAS, XPSWMM, EPA-
SWMM, SMPDBK) water
quality CE-QUAL-W2.
MONERIS Can be yes TN Retention in lakes no MONERIS Not suitable to ass
displayed NO3 water measures
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System Critical Water Quality| Hydraulic  attributes Models Models Suitability for
Source Flow | components (reservoirs,  pumps Erosion/ assessing: land-usg
Areas etc.) Sediment changes, nutrien
transport/ management, wate
measures
on GIS TP
map PO4-P
(L and C)
Can be| yes NO3. Irrigation demand, No SHETRAN
NELUP displayed PO4-P dams, lakes ARNO
(GRASS (L and C)
GIS)
NL-CAT GIS yes TN. Irrigation demand. yes SWOQN, AMINO, All 3
NO3. NUSWALITE, SWAP
NH4.
TP.PO4-P
(L and C)
TRK system no yes Dissolved organic | Dams, lakes| no SOILNDB All 3 (TRK-N)
N/P reservoirs, weirs HBV But not TRK-P
Total P HBV-N
DIN (dissolved TRK-P
inorganic nitrogen)
Total N
(L and C)
TCM-Manager | no yes Total Nitrogen no no STORM, ANNUAL Land use changes &
Total nutrient management
Phosphorous only
Suspended solids
(L)
Can be| yes TN Reservoirs yes AGNPS Land use changes al
WAMADSS displayed TP Lakes, SWAT nutrient management
on GIS Dams, Cost and Return Estimatoronly
map, or (L and C) Irrigation demand (CARE) model
GUI
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System Critical Water Quality| Hydraulic  attributes Models Models Suitability for
Source Flow | components (reservoirs,  pumps Erosion/ assessing: land-uge
Areas etc.) Sediment changes, nutrient
transport/ management, water
measures
No Total phosphorous| No no No simulation Land use changes and
CMSS nutrient management
Total Nitrogen only
(L)
yes yes CL, salinity, E.Coli, Operation of pumps, Only SOBEK-Rural All 3
SOBEK faecal and total, § | sluice gates, weir§, SOBEK-
BOD, temperature, storage tanks River SOBEK-Urban
Org C, N, P, and Si,
inorganic P, SOBEK-River

ammonium, nitrate
silica, algae, heavy

metals.
(L and C)
Realta No (only| no Soluble inorganic B No No model Not suitable at all
risk areas And Total
at the phosphorous
RBD) (L)
no yes Nitrate (L and C) no no Soil nitrate model All 3
EveNFlow
Soil drainage model
Drainage routing model
yes yes In-stream WQ only crop water neddso WEAP, All 3
WEAP canal linings, QUAL2K
reservoir operations; MODFLOW
water  conservation
strategies; changes in
instream flow
requirements; nev

infrastructure
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Table6 Summary of CMTs: operating details

System Models Visualisation tool | Time step Spatial Empirical/dynamic
Scale
BASINS SWAT GIS layers Daily Results can be given at figl8emi-empirical, physically-based
HSPF level
QUAL2E
MIKEBASIN MIKESHE GIS layers Daily Results can be given at fielBhysically-based models used
EUROSEM level
WMS hydrologic models (HEC-1, GIS layers Daily Results can be given |&oth empirical and semi-empirical
HEC-HMS, TR-20, TR-55 catchment level models
Rational Method, NFF
MODRAT, OC Rational,
HSPF, XPSWMM, and EPA:
SWMM.)
Hydraulic models (HEC-RAS,
XPSWMM, EPA-SWMM,
SMPDBK) water quality CE-
QUAL-W?2.
MONERIS MONERIS GIS layers Resolution is ¢. 10°km Physically based
more, depending on the
resolution of input GIS data
layers.
Model gives spatial
information at sub-catchment
level
SHETRAN Own user-| Daily SHETRAN: 100m*100m conceptual, physicallysed
NELUP ARNO interface  (maps
plots, etc.)
NL-CAT SWQN, AMINO, GIS Daily Model gives spatial Simple physically-based models
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System Models Visualisation tool | Time step Spatial Empirical/dynamic
Scale
NUSWALITE, SWAP information at field level
TRK system SOILNDB GIS layers Models run at BNo limit mentioned Empirical models
HBV daily time step, bu
HBV-N results are annual Model gives spatial
TRK-P normalized information at field level
coefficients
TCM-Manager | STORM, ANNUAL Graphs, plots| Either storm events Lumped system
outputs to| or annual
standard GIS simulations
packages
AGNPS GIS layers, Daily Model gives spatia] Semi-empirical, physically-base
WAMADSS SWAT Own  Graphical information at farm- /field{ models
Cost and Return EstimatorUser interface level
(CARE) model
No simulation Own usert annual Model gives spatial
CMSS interface information at field scale
SOBEK-Rural OpenGilS, Minutes (lab scale) Grid resolution 1 - 50 m
SOBEK NETTER to decadeg
SOBEK-Urban (morphology)
SOBEK-River
Realta No model annual reported success atRisk as phosphorus export rates
Scale catchments area of 10-15km
Model gives spatial
information at sub-catchment
level
Soil nitrate model No GUI, graphs daily time-step Resolution: 1 Km
EveNFlow Soil drainage model only Model gives spatial
Drainage routing model information at sub-catchment
level
WEAP, GIS layers Time-step can heCatchment level (demands,
WEAP QUAL2K between 1 day and [Lpoint sources etc. at nodes)
MODFLOW year
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Table 7 Summary of CMTs: input data requirements

|System BASINS MIKEBASIN WMS MONERIS NELUP NL-CAT TRK WEAP TCM-Manag WAMADSS CMSS SOBEK  Realta
Topography R R R N R R R R R R R R R
River network R R R R R R R R R R R R R
Overall catchment information on fertiliser, manure, point sources R R N N R (0] R o R R R R R
Land cover map R R R N R R R R R R R R R
Land Manage-ment Information R R N N R R R N R R (0] R N
Soil texture map R R R R R R R R R R N R R
Soil hydrogeological map (@] O N R O N N N R (0] N R R
Water management information R O N R O R N R N (0] R R N
Administrative census information on fertisier, manure, livestock, etc. R R N R R N R O o (e} (e} o N
Point sources location map R R O R N R R R R R (@] R R
Weather monitoring stations R R R R R R R R R R N R N
Surface water monitoring map R R o R R N R R o R N R R
Groundwater monitoring map (0] O N O N O O R O R N N N

R -> Required
O -> Optional
N -> Not required
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3. PATHWAYS IN CMTS -CATCHMENT MODELLING
REVIEW

3.1. Introduction

An extensive review of catchment models was undertaken tarde&emternational
practice in relation to (i) what hydrological pathways ametled and (ii) how they
are modelled. This will guide the selection of hydrological maaglapproach in the
development of a catchment management tool and may identify modelling
weaknesses or gaps of particular relevance to the Pattprajgst. Models can be
categorised in a variety of different ways. Here, to emphasisinterest in the
modelling approach we divide models into (i) physically-based moahish are
substantially based on equations describing physical laws dionskips and (ii)
conceptual models, substantially based on simplified conceptualisatioribe
important pathways or processes. For some models the diffeeqcita clear and
they are easily classified. However, for others, the diffsxene.g. between
simplifying a physical relationship and developing a simple coneéptodel are not
as clear-cut.

3.2. Types of catchment models

Catchment models can be classified under a number of headings, depending on
either their physical basis or spatial/temporal resolution. In terms sfqathyasis
there are three generic types

(a) Physically-based models: In these the various hydrological $seseare
modelled using equations representing the physical laws opergtpically
laws of conservation of mass, energy and momentum. Other laws, such a
Darcy’s, which together with mass conservation, gives Richard’siequae
also included in this category.

(b) Conceptual models: In conceptual models, the equations representing the
operation of each hydrological process are simplifications alfitye or
analogues. For instance a catchment's response to heavy ranafallbe
modelled by a series of linear reservoirs, even though a linear resermvairais
natural occurrence. Also, the flows of water from high to loveguee areas,
heat from high temperature to low temperature areas andatgdrom areas
of high (negative) potential to areas of low potential all aremgkeas of
Potential flows. Each obeys the same physical law so that obecased as
an analogy fror the other.

(c) Empirical/Black box models: In black-box models, equations represeheng
models behaviour are fitted to measured data. They are typmalpyrical
equations or “systems” modesl| such as the unit hydrograph. The osguati
may be linear or nonlinear and very often are scale specific.
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Some disagreement may arise in the classification of catthmedels as
“physically-based”. A strict interpretation of the term wouktlade models with
any empirical relationship or where the form of the relationshspbie®n derived
from data rather than from basic physical principles. Thiststiterpretation is
methodologically impractical as many relationships which are regarded as
physical principles were originally developed from observation amperenent
(Darcy’s Law is an example). Thus, where the author claimsnbael to be
physically-based we have usually treated it as such, evemiy have one or
more empirical or conceptual components.

3.3. Implementation Issues / language/ platform

Implementation issues are less of a constraint, with most pregrhia to execute on
an Intel platform (i.e. a PC) with Windows NT, 2000 or XP. Some ppek&ave
implementation issues with Windows Vista. Main memory and extestoahge are
relatively inexpensive and are not constraints. A small numbeystéras require a
UNIX-based platform and/or the GRASS GIS package, but thesaddralthe older
programs.

3.4. Water Quality Issues suitability for WFD

Our choice of catchment management tools and hydrological models to re\gew wa
informed primarily by the need to support the WFD with its focus on water quality.
Systems or models focussed exclusively on flood forecasting or water quantity
regulation and control were not included.

4. PATHWAYSIN PHYSICALLY-BASED MODELS

4.1. Evapotranspiration

Some models require potential evapotranspiration as an input tiree:-Semis can be
obtained directly from lysimeter measurements or indirectlycélgulation from a
number of meteorological measurements. Other models include this calculdion w
and so require the meteorological data as input time-series.

4.1.1 Energy and Mass balance methods

The computation can be based on some combination of energy balance and mas
transfer considerations e.g. Penman, Penman-Monteith, and Priestley+haitods.

Priestley-Taylor

The Priestley-Taylor equation (Priestley and Taylor 1972) is
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S
Sty

PET, = / (R,-G)a

Equation 1

Where\ is the latent heat of vapourisation (MJ/kg); Rs net solaatiadi (MJ/n?/d);

G soil heat flux (MJ/fid); s is the slope of the saturation vapour pressure temperature
relationship;y is the psychrometric constant and a is the Priestely-Tagkefficient
representing the fraction of water available for evapotranspiration.

Penman-Monteith

The Penman-Monteith equation is

_ S yu, r
PETo RSs+ y(s+ yJ(T+273j
Equation 2

Where, T is air temperaturdQ); r is a resistance term anglisiwind speed (m/s) at 2
m above the ground.

4.1.2 Methods based on solar radiation and temperature

Some simpler methods are based on solar radiation and tempetgtutensen-Haise
and Hargreaves.

Jensen Haise

The Jensen-Haise equation (Jensen and Haise 1963) is

_CT(T-TYR,

PET
0 p

Equation 3

Where PETY is potential evapotranspiration (mm/d); &€ temperature coefficienk
latent heat of vaporization (MJ/kg); Bolar radiation (MJ/Aid); T mean temperature
for a five day period°C); Ty is a baseline temperature.

Hargreaves
The Hargreaves equation (Hargreaves and Samani 1982) is
PET, = 0.013%T + 17.78) Ry

Equation 4

Where, PET s potential daily evapotranspiration (mm/day); T mean temperad@ye (
and R incident solar radiation expressed as mm (water)/ day
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Note, if R is expressed as MJ?fday then the equation becomes

PET, = 0.0135T + 17.78) R{ 2388 j

5955 - 055T
Equation 5

4.1.3 Air temperature and length of day

Some methods depend on the air temperature and length of day e.y-Giaitte
and Hamon (1963).

Blaney-Criddle

The Blaney Criddle formula is

PET, = p(046T,eant 8)

Equation 6

Where, ET is a reference potential evapotranspiratiopesd iS @ mean daily
temperature angh is the mean daily percentage of daylight hours.

Hamon

The Hamon (1963) equation is

298D ey(T,)
T, + 2732

PET, =

Equation 7

Where:

PET, = Potential ET (mm/day); D = number of daylight hours (hrgy Tean daily
temperature °C); &(T,) = saturation vapor pressure (kPa) evaluated at the
atmospheric temperature. T

4.1.4 Survey of use of Potential Evapotranspiration methods

The review of physically-based models shows that the Penman-fontethod is
the most popular evapotranspiration model, used in 15 of the models surweyed, e
though it is the most demanding of the methods with regards to dataerequnis,
Figure 1. The Priestley-Taylor (9 models) is also commongdu®ther common
evapotranspiration models include: Ritchie, Hargreaves and Hamon. Imedbets,
potential evapotranspiration is a required input. In another six, evert;basdels,
evapotranspiration is neglected over the short period of simulation.

Draft --- 56



Pathways Project Review of Catchment Management Tools

16

e [ it e

e it e

104

No. of models using method

Evapotranspiration models

Figure 11 Usage of Potential Evapotranspiration estimation methods
in physically based models.

4.2. Infiltration and surface runoff generation

There are a number of mechanisms by which surface runoff maynieeatgd. For
instance, the classical Hortonian (infiltration excess) sunfaseff occurs whenever
the precipitation rate exceeds the soil's rate of infiltratidh.the beginning of a
rainfall event (assuming the soil is initially dry), the imétion rate is usually very
high due to soil suction. However, this decreases as the soil bee@ties When
the rainfall intensity is higher than the infiltration ratarface depressions begin to
fill and once all surface depressions have filled, surface rurmffneences. In
contrast, the Dunne mechanism (saturation excess) relates b ganerated when
the soil surface becomes saturated and cannot accept angtiofiltand is associated
with a rise in the local watertable.

Most runoff simulation first estimate infiltration and then assuamy excess net
precipitation becomes runoff. The infiltration calculation may be dasiag (i)
physically based models (e.g.Green and Ampt (1911), Richards (1931)orgua
Phillips (1957) equation and Smith and Parlange (1978)), (ii) conceptualsfedse
Nash 1957) or (iii) empirical relations (e.g. Horton (1933), HoltB®61), and Soil
Conservation Service (1972)). However, an alternative approachssrt@ates runoff,
e.g. using the Soil Conservation Service’s runoff curve number approdcthen
assume the excess net precipitation becomes infiltration.
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4.2.1 Green & Ampt Method

The Green & Ampt equation was originally developed to estiméteation in cases
where excess water is available at the surface atnadistiGreen and Ampt, 1911).
The method assumes that the soil profile is homogenous and thatdantateisture
is uniformly distributed in the profile. As water infiltratesarthe soil, a wetting front
is generated and moves downwards. The model assumes the soil abowttitige w
front is completely saturated and there is a sharp break inumoisbntent at the
wetting front, Figure 12.

0 Moisture Content ——= 0 Maoisture Content ————
____________ SaturatedZone | 1/ /1 177 /
.y T
a a
2 a Saturated Zone
Transmission Zone
VVetting Zone l Wetting Front
9, L Wetting Front 9,
> -«
Actual Infiltration Green & Ampt Infiltration

Figure 12 Green & Ampt infiltration method (Neitsch, et al. 2005)

Originally intended for use in event-based modelling, the methadextended to
allow multiple successive wetting fronts for use in continuousllsition models, see
(Chu and Marifio 2005).

4.2.2 SCS- Curve Number Method (1972)

The SCS-curve number runoff equation is an empirical model that canthde
runoff volume for a rainfall event as
P-1,)?
o=(P=1J)
P-1,+S
Equation 8

Where,Q is the total runoff volumeR is the precipitationl, is an initial abstraction
accounting for surface storage, interception and infiltration poioumnoff, andSis a
retention parameter. This varies spatially due to changes in, daild use,
management and slope and temporally due to changes in soil watentcdnis
estimated as a function of a curve numB& which varies non-linearly with the
moisture content of the soil. The curve number drops as the soil apmdaehe
wilting point and increases to near 100 as the soil approaches saturation.
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4.2.3 Richards Equation

The Richards equation represents the movement of a liquid in a poatesiamn
(Richards 1931). It combines the equations of mass conservation witif Diang.

The equation in two dimensions is
et =2 [k, 3]+ 2k, - |- 2
ot 0z 0x) o0z 0z

0z

- S(h)

Equation 9

Whereh is the pressure head,, (h is)the lateral hydraulic conductivity,(h)is the

vertical hydraulic conductivityz is the distance from the surfaceis the horizontal
distancet is the time,C(h) is the differential water capacity, aggh) represents the
volume of water taken up by roots from a unit voduaf soil in unit time.

Although Richards equation adequately represemtpliysics of water movement in
unsaturated soil, its solution in two-dimensionsasputationally demanding both in
terms of mere CPU time and numerical stability (iKisialo et al., 2002). Therefore
while some complex hydrological models retain thé ¥ersion of the Richards

equation (e.g. MIKE SHE, SHETRAN), most tend to @lifly the model into a quasi

two-dimensional solution. In the quasi-two-dimemsiomodel, the modelling domain
is split into vertical columns, and in each coluthe soil water movement is solved
according to a one-dimensional approximation toRenards equation. A piece-wise
linear version can be used in Monte Carlo simuteiBruen 1995)

4.2.4 Review of use of infiltration methods

A review of infiltration calculation methods for dhphysically-based models have
revealed that the most common models of infiltratesmd runoff generation are: the
Green and Ampt (1911) equation, Richards (1931)aego, and the SCS- curve
number method, Figure 13. Other methods used wenighSand Parlange (1978),
Holtan’s formula, Horton’s equation, Overton, artllips equation. While the SCS

method may be appropriate for catchment models feftbod modelling, methods

that take account of some of the controls on nafilbn are more appropriate for
general use models.
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Figure 13 Usage of infiltration estimation methods in physically based models.

4.3. Runoff Routing (physically based models)

Once the rainfall input is divided between infittoen and runoff, the latter must be
conveyed to the catchment outlet. Modelling comporieat do this can range from
‘simple’ unit hydrographs (Sherman, 1932) to masmplex formulations such as the
kinematic or diffusive wave equations (Ponce anthddis, 1977, Ponce, 1990 and
Singh, 1994), or the complete Saint-Venant (Saemant 1871) equations
(Chahinian et al., 2005).

4.3.1 St. Venant Equations

The St. Venant Equations (also called the shallatewequations) are a set of partial
differential equations that describe the continuatyd dynamic equations of free-
surface water in the x- and y-directions. Theseewtarived by depth-integrating the
full three-dimensional Navier-Stokes equations.

The basic formulation of unsteady one-dimensional flow in open chamsnélgito (Saint-
Venant 1871). He wrote the continuity equation as

a_Q+aA:O

0 X ot

Equation 10

where, Q(x,t) is the discharge and A(x,t) the asklow. The momentum equation
can be written in terms of discharge, Q, and ceesdional area A, i.e. in the 2-
dimensional state space form, as
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10A 1 0(Q% . 10Q
-t —— | = |+ —— =S -
B dx gAOx( ] gA ot 0 2R% QQ

Equation 11

where,B = Z—A is the top-width of the water surface and its elevation.
z

Equation 10 and Equation 11 or their equivalemgether with appropriate
boundary and initial conditions, are the basic &igna for both direct flow routing.

4.3.2 Diffusive Wave approximation

The diffusive wave equation is a simplificationtbé St. Venant equation assuming
that the acceleration and inertia forces are négfe(Chanson, 2004), i.e.

10A _
5 AL Y0

57199

Equation 12

4.3.3 Kinematic Approximation

The kinematic wave equation is also a simplificatiof the St. Venant equation

assuming that the acceleration and inertia fonecdsguation 11 are neglected and the
free surface is assumed to be parallel to the bot{(€hanson, 2004). These

assumptions reduce the resulting equation to alsifigom that can be analytically

solved, i.e. either Equation 11 or Equation 12daced by

0=S, -

R/ Qo

Equation 13

This simplicity makes the kinematic wave model nhast preferred hydraulic routing
method.

4.3.4 Timelag

The time lag factor, commonly referred to as th&e@nd lag method, generally uses
the time of concentration (the time required byrapdof water to flow from the
remotest area in the catchment to reach the owtheigept to compute the proportion
of runoff that reaches the catchment outlet avargtime.
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Figure 14 Usage of runoff routing methods in physically based models.

The majority (19) of the models reviewed used timematic wave approximation of

the St. Venant equation for routing runoff over taéchment surface, Figure 14. Only
5 of the models reviewed used a time lag factegl@ed the 2D St. Venant equations,
while 4 models applied the diffusive wave approxioraof the St. Venant equations.
Other runoff routing models were: the multi-flowretition method (Quinn et al.,

1991), USDA-SCS synthetic unit hydrograph, and vheable storage coefficient

flood routing method (Williams, 1975).

4.4. Unsaturated Soil Water

Once all abstractions are determined, soil moistareounting is made, which
requires an estimate of surface and subsurfacesfldWis requires an application of
the water budget equation. If the portion of thecpitation infiltrating into the soil is
estimated, the status of soil moisture is assesskith is needed to determine the
catchment wetness and transform potential evapsgnation into actual
evapotranspiration (Singh and Frevert, 2002)

The unsaturated soil is conceptualised as a sswldayer by most physically-based
models. A small number of models divide the soibia thin upper layer (20mm

thickness) or tillage layer which contributes tastfaunoff and a soil moisture zone
which holds most of the moisture capacity. The watelget equation accounts for
the quantification of moisture in the soil layerilgra number of models were used to
track the movement of moisture in the soil. Exammpbé these are the Richards
eguation and the Brooks-Corey equation for theregton of percolation.
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4. 5. Groundwater
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Figure 15 Usage of groundwater conceptualizationsin physically based models

The review of the conceptualisation of the saturat@l has shown that most models
use one store or layer to represent groundwatgur&il5. A small number of models
have two stores: shallow GW and Deep Groundwaterest The shallow

Groundwater store usually contributes to runofotiygh baseflow and to the deep
store by percolation. The water that percolates the deep groundwater store is
considered to be lost from the system, i.e. dodstale any further part in the
simulation.

In some models, the groundwater zone can be swadivhto a number of layers/sub-
zone where a mass-balance is carried out separfatelyach layer. Other models
neglect groundwater altogether.

The flow of moisture in the groundwater zone is mhaisimulated using either
Darcy’s Law or Richards equation. Most saturatesugdwater components receive
water the unsaturated soils above and they carriloot® to the runoff volume
through baseflow. A few models implement additiopathways e.g. exchange of
flow with stream, lake-groundwater interactions)lypemping, and well-injection.

4.6. Channel Routing

A review of the methods of channel routing in phg#liy-based models has revealed
that similar to the runoff routing, the kinematiawe approximation of the St. Venant
Equations was the most preferred option, FigureThé. Saint Venant equations were
also common. The review indicates a slight prefegein favour of the Muskingum
routing method in comparison to variable storagehou and the diffusive wave
model. In some models the channel routing proisessglected.
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Figure 16 Usage of Channe€l routing methodsin physically based models

5. PATHWAYSIN CONCEPTUAL MODELS

5.1. Infiltration and Runoff Production

The review of physically-based models identifiedeth widely used methods of
calculation infiltration and runoff; Green and Amppffiltration method, Richards’
equation, and the SCS method. In contrast, conakptodels make use of a wider
variety of methods for the quantification of sudacanoff. A small number of models
apply the SCS method (HEC-1, SCS-CN Based modeG-HES, SYN-HYD, and
ULTRA). A number of models estimate runoff as afiltnation excess by applying
common infiltration formulae. For example, HYSIM darSLURP use Philips
infiltration equation, HEC-1 and HEC-HMS use Greamd Ampt, and ARC/EGMO
uses Holtan’s formula. Some models apply an init@ds-continuing loss rate
infiltration model or user-specified time-varyingskes or some other empirical
relationships (e.g. WBNM2000, IHACRES, HBV, and SMND). TOPMODEL and
TOPCAT models combine factors representing thegoggahy of the catchment with
a negative exponential law linking the transmidgiwaf the soil with the distance of
the saturated zone below the ground surface.

Some models use the contributing area conceptR&YyIS and LBRM). HYRROM,
SMAR and CLS apply a linear function with a paraenehat controls the proportion
of rainfall which enters the soil moisture store.

5.2. Runoff Routing
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Figure 17 Runoff routing methodsin conceptual models

A review of conceptual models has demonstratedde wange of methods used for
runoff routing, Figure 17. The Unit hydrograph e, Linear reservoir and the lag
time methods were more commonly used. Other methudsded: Nash model or
Cascade of linear reservoirs, non-linear reseraoid, the kinematic wave equation.

5.3. Evapotranspiration
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Figure 18 Evapotranspiration estimation in conceptual modéels

Almost half of the conceptual models examined db extimate evapotranspiration
directly, but do so from a record of potential evamgnspiration which is a required
input for these models, Figure 18. The record dépiial evapotranspiration may be
measured by a lysimeter at a meteorological stairoih can be computed from pan
evaporation data and other meteorological variables
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Some conceptual models apply physically-based dxeapspiration formulae e.g. the
Penman and Penman-Moneith equations. Some empincadels of potential
evapotranspiration are also used: e.g. Thorntwaiteé Jensen-Haise models. The
process is completely neglected in a few of thenebbased models (SCS-CN Based
Model, SYN-HYD, and ULTRA).

5.4. Unsaturated Soil Water

No. of Models in Method
'_\
(@]

single store 2 stores series of
reservoirs/layers

No. of Stores in unsaturated zone

Figure 19 Representation of unsaturated zone in conceptual models

The unsaturated soil water is conceptualised @sgéesstore in more than half of the
conceptual models reviewed. Most of the other nod@lide the unsaturated zone
into an upper and lower soil zone. The upper/serfsail zone usually acts as the
active soil moisture store from which some surfac@off and most of the
evapotranspiration demand are drawn. It also féleeldower unsaturated zone. The
subsurface/ lower zone acts as a temporary storehvilbeds the groundwater store
by deep percolation to, and in 14 models it alsttridoutes to interflow.

A small number of models conceptualise the unstddraoil zone as more than 2
layers. For instance, the SMAR model divides thersoisture storage into layers of
25mm moisture storage capacity each (except for kb#om layer). Also the
ARC/EGMO model provides the option of using a mldtier model for the
unsaturated and when chosen, the water movemeanbdelled using the Richards
equation.The stores in the models are either geltearly or non-linearly. 17
models use the linear reservoir concept while 12let® use non-linear reservoir
relationships. A few models (e.g. SCS-CN Based NJo8¥N-HYD, and ULTRA)
do not model the unsaturated zone explicitly.

Certainly all soil stores account for evapotraran, and surface runoff. Deep
percolation is included in all models that incoigtera saturated soil zone. However,
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interflow/subsurface flow is accounted for in oril¢ models (less than half of the
models in the review).

5.5. Groundwater
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No. of Models in Method

2 stores 1 store no GW

No. of Groundwater Stores

Figure 20 Representation of groundwater in conceptual models

The vast majority of the models reviewed concepgaajroundwater as a single store
that contributes baseflow to the stream/channguiriéi 20. Only three of the models
reviewed (the UBC model, HYSIM, and ARC/EGMO) seqtarthe groundwater into
two stores (a shallow/upper store and a deep/pembagroundwater store). Some
models neglect the saturated zone altogether$€§-CN Based Model, WASMOD,
and WBNM2000). Six models provide two subsurfaesponses (a baseflow
response and a slow groundwater flow response).

The stores in the models are either treated lipdade § 5.6.1 below) or non-linearly
(see 8§ 5.6.3 below). Seventeen models use tharlireservoir concept while 9
models have non-linear reservoirs.

5.6. Channel Routing

5.6.1 Linear Reservoir

A linear reservoir is a simple conceptual systemwimch the output is linearly
proportional to a storage amount, Figure 21.

x(t) y(t)

— = 8
]

Fiqure21 Linear Reservoir
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It has a single input time series(t), a single output time serieg(t) and one
parameterk, related by the equations:

ds
— = X(1) — y(t
o (t) — y(t)
Equation 14
1
y(t) = S
Equation 15

When used in hydrological modeling(t) and y(t) are water flows and&(t) is the
amount of water in the reservoir. The parameétehas the dimension of time and is
the lag time of the model. The response of a lineservoir can be represented by an
exponential unit hydrograph.

5.6.2 Cascade of linear reservoirs

A cascade of linear reservoir is a sequence okarveirs where the output from the
first reservoir is the input to the second; thepatifrom the second is the input to the
third and so on, Figure 22. Each reservoir hasgleiparameter (its lag time) and the
lag time of the entire cascade is the sum of thevidual lag times. This conceptual
model is quite effective at modeling small catchimesponse to rainfall.

x(t) y(t)

S[t':l - S[t':l S[t':l - — S[t':l i
[k, [k ] [kl [k,

Figure 22 Cascade of reservoirs

5.6.3 Non-linear Reservoir

In a nonlinear reservoir, the conservation Equafidrremains unaltered, but a non-
linear relationship is assumed between the outpdtthe amount of water in the
reservoir. While any relationship can be used, wevorelationship is typical i.e.
Equation 15 becomes

1 n
WO=ES®
Equation 16

5.6.4 Muskingum method

The Muskingum method is commonly used for simutatieaches of rivers. In it, the
storage of water in the reach is assumed to barlyneelated to both the inflows and
outflows, i.e. instead of Equation 15 or Equatién\ie have
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S =+ [ax) + (- a)yo)

Equation 17
Where, the additional parametar,can vary between 0 and 1, but is rarely above 0.5

5.6.5 Modified Puls method

The Puls method not a new conceptualization, bat general technique for routing
inflows through a reservoir, channel reach or anyagje relationship with outflow. It
could be considered an implementation of non-panatn@onlinear storage routing.

12

10

No. of Models in Method
(o))

Linear Cascade /Nash  Muskingum Kinematic Non-Linear ~ Modified Puls Other No routing
Resenoir model Resenoir

Channel Routing Models

Figure 23 Channel routing methods in conceptual models

The wide range of applied models for the represiemaf channel routing shows that
there is no preference for a specific approachyréi@3. The methods used include:
the linear reservoir concept (single reservoirgl eascade of reservoirs), non-linear
reservoirs, Muskingum, kinematic approximation, &émel Modified Puls method. A
number of models apply a budget concept at theoértde catchment and therefore
do not route the flow down a stream.
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6. DISCUSSION OF PATHWAYS

Infiltration and Runoff Generation

The review on physically-based models has shownhtbieamost common approach
for quantifying runoff volume is infiltration exceg26 out of 38 models). The most
popular methods for infiltration were Green & Amptethod and the Richards
equation. In a large number of models, runoff vaumas computed using the
empirical SCS method.

Runoff generation as infiltration excess was alsm@mon approach in conceptual
models (18 out of 33 models). However the reviewr@ihods on the quantification
of runoff volume in conceptual models has reveaedde spectrum of methods, the
majority of which are empirical and unique.

Runoff Routing

Runoff routing in the reviewed physically-based misdelied heavily on St. Venant
equations and its approximations, the most popukthod being the kinematic wave
approximation of St. Venant equation.

In contrast, the choice of runoff routing methadthe conceptual models reviewed
showed no strong preference for the kinematic wagthod. Simple methods e.g. the
lag and route method and the unit hydrograph wepaifar. A wider range of routing

models were available and were used by conceptoael® in comparison to the

physically-based models.

Evapotranspiration

The review on physically-based models has shownRBaman-Monteith is the most
commonly used for the quantification of evapotrarapn water. A wide range of
models is also noticed.

A large number of conceptual models (15) receivapetranspiration as a model
input (usually measured). The process is neglectedsmall number of models but
similar to physically-based models a wide rangmoftiels is applied.

Soil Water

The unsaturated water zone can be conceptualisediagle, or multi —store zones.

In physically-based models, the single store repmadion is the most popular. A
small number of models use a two-store concept.

Similar to physically-based models, the single tursdéed zone concept is popular in
the conceptual models reviewed. However, more quoeé models compared to
physically-based models use the two-store concept.

A number of models were able to track the flowha tinsaturated zone in physically-
based models e.g. using Brooks-Corey and the Rishaguation. In conceptual
models, unsaturated zones were simulated usingereitimear or non-linear

relationships.

Groundwater

The review of the conceptualisation of the saturatgl has shown that most models
(physically-based and conceptual) use one stotayer to represent groundwater. A
small number of models have two stores: shallow &\W Deep Groundwater stores.
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Channel Routing

The review has revealed that the kinematic waveain@ the St. Venant equations
and its approximations) was the most preferred atkith physically-based models. A
wide spectrum of channel routing methods was usecbnceptual models with no
particular preference for a specific method.

7.CMT PERFORMANCE |SSUES

1.1Ease of use (learning curve)

All CMT systems reviewed here were intended for byea user with some

knowledge and expertise in the scientific or techAhareas involved. None were
intended for use by the general public. Some recairexperienced modeller, but
others do not. The use of standard GUI componaemtsaaGIS platform (used now
by many technical users) facilitates learning.

1.2 Calibration

While many parameters in a CMT have some physioahection and may be
estimated indirectly from appropriate data, ideallgMT will allow at least some
of its parameters to be calibrated if sufficienitaitie data is available. While it
adds another layer of complexity to the tool, itremses its ability to simulate
specific catchments.

1.3 Validation

Validation generally requires a calibrated (or othise fitted) model to be run
with data not used in the calibration and its satioh compared with
corresponding measured data. Such “Split sampleinigques are essential to
develop confidence in the model, particularly fooren complex models with
many parameters, where over-parameterisation mag l® the curse of
equifinality (Beven 2006).

1.4Uncertainty analyses

Inceasingly, decision makers are asking, not just dimulations of various

management scenarios, but also some informatiorthenuncertainty of the

simulation results. This information can inform tti@ice of a course of action (
management scenarios or environmental policies). eModern CMTs can

undertake a sensitivity analysis, typically via ae Carlo simulation.

1.5 Sensitivity analyses

A related topic is how sensitive the model outpans to variations in parameter
values or input time-series. Many tools address via the “brute force” method
of simulation, although there are some analytieahhiques available.

1.6 Expansion

The properties and capabilities of any given CMpresents a particular set of
trade-offs between scope/complexity and ease ofralsdility taken by its
authors at a particular point in time. For otheplegations and in other times,
further capabilities may be required and a CMT #hdie able to accommodate
such expansion.
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8. CONCLUSIONS

The work on producing catchment management to@sbaen underway for some
time and some of the tools identified date fromeasly as 1989. Some of the
management problems and model conceptualisatioms het changed very much
since then but there is a stronger emphasis orr wa#dity and more concern about a
wider range of contaminants now than in the eardysd What has changed
substantially is the computing power available, thee of GIS and Graphical
Windows as supporting technologies. The latter,faeifitated the wider practical use
of these tools.

This review of existing CMTs identified three syste (BASINS, MIKEBASIN and
SOBEK) which would be candidates if a CMT had todeployed immediately in
Ireland without taking on board any of the scieatresults of the Pathways project.
The hydrological models underpinning two of thed¢SPF (in BASINS)and
SHETRAN - similar to MIKE-SHE) have been tested fitvosphorus simulation in
three small Irish catchments as part of an EPA€dnesearch project (Nasr, Bruen
et al. 2007). HSPF performed better than SHETRANese catchments. However
none are ideal as all three have various pradfisaldvantages. In particular, all three
have a rigid catchment model structure (althougimestvave multiple models) and
lack the flexibility to easily include any new seidic information or
conceptualisation that may be generated by thigegtro Effectively the same
modelling structure is used for all parts of thécheent, with spatial variation
represented by parameter variation only and noiatvan in model structure (no
existing CMT does this at present). They also hagiel graphical user interfaces
which cannot be tailored to match any specific negoents that may emerge from
the Pathways end-user workshops. Thus a CMT witioee flexible and accessible
modelling structure is required if the results afrrent research are to be easily
incorporated into catchment management.

The review of pathways modelling indicated a vempdd range of modelling
techniques used for each of the major surface aad-surface pathways. However,
there is less variation and flexibility in modetligroundwater pathways, which is a
major focus of the Pathways project. This histéoicus on surface and near-surface
processes is due to many models’ origin in floo@vater resources applications.
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APPENDIX A: LIST OF CATCHMENT MODELSEXAMINED.

( with reasons for exclusion if not reviewed here)

Model acronym Full name Comment

AGNPS Agricultural Nonpoint Source Pollution Model Reviewed

APEX Agricultural Policy/Environmental eXtender Rewed

ANSWERS (Areal Nonpoint Source Watershed EnvirommB&esponse Reviewed
Simulation

ARC/EGMO Reviewed

ARNO /NUARNO Reviewed

CASC2D Reviewed

CEQUEAU Reviewed

CHDM Catchment Hydrology Distributed Model Reviewed

CLS Constrained Linear System Model Reviewed

CREAMS Chemicals, Runoff, and Erosion from Agriauhl ManagementNot reviewed: incorporated in SWAT
Systems

DHSVM Distributed Hydrology Soil Vegetation Model elRewed

DWSM Dynamic Watershed Simulation Model Reviewed

EPIC Erosion-Productivity Impact Calculator Reviewe

EUROSEM European Soil Erosion Model Reviewed

GBHM Geomorphology-based hydrological model Revigwe

GLEAMS Groundwater Loading Effects of Agriculturéflanagement Not reviewed: incorporated in SWAT
Systems

GLUE Generalized Likelihood Uncertainty Estimation Not reviewed: numerical method

TOPMODEL

in
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Model acronym Full name Comment
GWLF/AVGWLF Generalized Watershed loadings Function Reviewed
HBV Hydrologiska Byrans Vattenbalansavdelning Rexad
HEC-1 The Hydrologic Engineering Center (HEC), UAmy of | Reviewed
Corps of Engineers
HEC-HMS Hydrologic Engineering Center (HEC) - Hyldgical | Reviewed
Modelling System
HMS Hydrological Modelling System Reviewed
HSPF Hydrologic Simulation Program-Fortran Reviewed
HYDROTEL Reviewed
HYMOD Hydrologic MODel Reviewed
HYRROM Hydrological Rainfall Runoff Model Reviewed
HYSIM Hydrologic Simulation Model Reviewed
IHACRES Identification of unit Hydrographs And Coonent flows from Reviewed
Rainfall, Evaporation and Streamflow data
INCA Integrated Nitrogen in. CAtchments model Raved
IHDM Institute of Hydrology Distributed Model Rewed
IHM integrated Hydrologic Model Not reviewed: comdtion of HSPF anc
MODFLOW
InHM Integrated Hydrology Model Reviewed
ISBA-MODCOU Reviewed
IWFM Integrated Water Flow Model Reviewed
KINEROS kinematic runoff and erosion model Reviewed
LASCAM Large-Scale Catchment Model Reviewed
LBRM Large Basin runoff model Reviewed
LISEM Limburg Soil Erosion Model Reviewed
MIKE-SHE Reviewed
NWSRFS National Weather Service River Forecastefyst Not reviewed: Weather-Riv¢
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(1%

Model acronym Full name Comment
Forecasting system
NAM Nedbor Afstromning Modele Reviewed
OPUS Reviewed
PARCHED-THIRST Reviewed
PDM Probability Distributed Model Reviewed
PRMS Precipitation-Runoff Modeling System Reviewed
PRZM/PRZM3 Pesticide Root Zone Model Reviewed
PSRM Penn State Runoff Model Reviewed
RORB Reviewed
SAMS2000 Stochastic Analysis, Modelling, and Sirtiola Not reviewed: Stochastic model
SCS-CN Reviewed
SEFM Stochastic Event flood modelling Not reviewstbchastic model
SHETRAN Not reviewed: River water quality mod
SIMCAT Reviewed
SIMHYD Reviewed
SIRG Numerical Model of Surface Runoff, Infiltrati, River| Reviewed
Discharge, and Groundwater Flow
SLURP Semi-distributed Land Use-based Runoff Fysee Reviewed
SMAR Reviewed
SMDR Soil Moisture Distribution and Routing Revieav
SRM Snowmelt Runoff model Not reviewed: no pathways in model
SSARR Streamflow Synthesis and Reservoir Regulation Reviewed
STORM Not reviewed: urban model
SWAT Soil Water and Assessment Tool Reviewed
SWIM Soil and Water Integrated Model Reviewed
SWMM Storm Water Management Model Reviewed
SWRRB Simulator for Water Resources in Rural Basin Not reviewed: incorporated in SWAT
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lel
W

Model acronym Full name Comment

SYNHYD Reviewed

Tank Reviewed

Thales C Reviewed

TOPCAT Reviewed

TOPKAPI Reviewed

TOPMODEL Reviewed

TOPOG Reviewed

TREX Two-Dimensional Runoff Erosion and Export Raved

UBC University of British Colombia Watershed Model Reviewed

ULTRA unitgraph lumped technical review and anaysiodel Reviewed

URBS Urban Runoff Branching Structure Not reviewddhan Model

UTM-TOX Unified Transport Model for Toxic Matersl Not reviewed: obsolete

VIC Variable Infiltration Capacity Reviewed

WaSIM-ETH Reviewed

WASMOD water and snow balance modeling system Rede

WATEM Not reviewed: erosion and Tillage mod
— no proper representation of flo
pathways

WATFLOOD/SPL9 Reviewed

WBNM2000 Watershed Bounded Network Model Reviewed

WEPP Water Erosion Prediction Project Reviewed

WISTOO Reviewed

Xinanjiang Reviewed
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ISBA-MODCQOU

ISBA-MODCOU is a coupled model

Review of Catchment ManagemealsT

IPTION OF CATCHMENT MODELS

between the MODCOB&cm-scale hydrological model and the ISBA landasie scheme.

Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

) Distributed, physically-based, continuous-simulatio
S,
Hydrological Unit: square grid cells.

Origin (development an

maintenance)

dMODCOU developed at Ecole des Mines de Paris/CIBRUCNRS Sisyphe Fontainebleau, France
ISBA developed at Météo-France/CNRM, Tououse, Fganc

Platform (PC?), Operating Syste
Open source?, GIS-based (wh
GIS?), Computer Languag
Visualisation facilities

nRlatform:
n&perating System:

eOpen source:

Computer Language:
Gl S-based:
Visualisation facilities:

Pathways and processes modelled

Surface runaffratibn, evapotranspiration, soil water storagg@undwater and river/aquifer exchange.

Inputs (data requirements)

Daily precipitation,guiital evapotranspiration

Outputs

Flow at outlet and stream flow.

Calibration Method

Parameters

Water quality constituents

None

Case Studies / Publications

Caballero, Y., Voirin-Morel, S., Habets, F., Noithal., LeMoigne, P., Lehenaff, A., and Boone, A0(?2).
Hydrological sensitivity of the Adour-Garonne rivaasin to climate change. Water Resources Reseéanthy3,
No. 7, W07448.
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Habets, F., LeMoigne, P., and Noilhan, J. (2004) tia utility of operational precipitation forecaisd served a
input for streamflow forecasting. Journal of Hyargy, Vol. 293, No. 1-4, pp. 270-288

Assumptions/Limitations
Versions

How to obtain Model (contacts,Contact: P.Etchevers/ F. Habets/ J. Noilhan/ an@in
documentation), Cost, Easy [td1étéo-France/CNRM, Toulouse, France

use (?) / training available

E.Ledoux /C. Golaz
Ecole des Mines de Paris/CIG UMR CNRS Sisyphe, &pnableau, France

CLSMode
Model Type (lumped or distributed)Lumped, conceptual, continuous-simulation
event-based or continuous,
Hydrological unit
Origin (development angdDeveloped by E. Todini and L. Ciarapica. Departma&nEarth and Geo-Environmental Sciences, Univeisit
maintenance) Bologna, Bologna, Italy

Platform (PC?), Operating Systep®Rlatform: PC
Open source?, GIS-based (wh&perating System: Windows

GIS?), Computer LanguageOpen source: Yes
Visualisation facilities Computer Language: FORTRAN
Gl S-based: No
Visualisation facilities: No graphical user interface
Pathways and processes modelleg Evapotranspirabdmoisture, groundwater, runoff generation affimouting, and channel routing
Inputs (data requirements) Rainfall and potentralptranspiration
Outputs Surface and subsurface runoff
Calibration Method ® order gradient method (automatic calibration)
Parameters
Water quality constituents None
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Case Studies / Publications

Datta, B. and Lettenmaier, D. P. (1985). A nordintme-variant constrained model for rainfall-réfpdournal
of Hydrology, Vol.77, No. 1-4, pp. 1-18.

Selvalingam, S. and Sally, M.H. (1981). Modeling ®Small Catchment In Central Java Through Cls Mo
USDA, Agricultural Research (Southern Region), 1i4-135.

Todini, E. (1978). Using A Desk-Top Computer For A@n-Line Flood Warning Systen
IBM Journal of Research and Development, v 22, pp5464-471.

Versions

SCLS (CLS + soil moisture accounting madéhe Xinanjiang model)

How to obtain Model (contactsHow to obtain Model: contact Prof. E. Todini, Department of Earth ando®&avironmental Science

documentation), Cost, Easy

use (?) / training available

tniversity of Bologna, Via Zamboni, 6
40127 Bologna

Italy

Phone: +39-051-2094537
ezio.todini@unibo.it

Documentation: Not available in the public domain but it can bé¢aifred from Professor Todini.
Cost: free of charge

Probability Distributed Model (PDM)

Model Type (lumped or distributed

)Lumped, conceptual, continuous-simulation

event-based or continuous,
Hydrological unit
Origin (development andCentre for Ecology and Hydrology, Wallingford, U.K.

maintenance)
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Open source?, GIS-based (wh&perating System: Windows

Platform (PC?), Operating Syste’EF?Iatform: PC

GIS?), Computer Languag
Visualisation facilities

Open source: No

Computer Language: FORTRAN

Gl S-based: No

Visualisation facilities: model has a graphical user interface

Pathways and processes modelleg

Evaporation, sutdaoff, infiltration, percolation (groundwatercharge), and groundwater flow.

Inputs (data requirements)

Rainfall and potentialpetranspiration

Outputs Surface runoff and groundwater flow
Calibration Method Model calibration by automaggtimisation and by interactive visualisation.
Parameters Model has 18 parameters (See Tablslaare (2007).

Water quality constituents

None

Case Studies / Publications

Cabus, P. (2008) River flow prediction through fallrrunoff modelling with a probability-distribute model
(PDM) in Flanders, Belgium. Agricultural Water Maygment, Vol. 95, No. 7, pp. 859-868.

Moore, R.J. and Bell, V.A. (2002). Incorporation grioundwater losses and well level data in rainfatoff
models illustrated using the PDM. Hydrology andtE&ystem Sciences, 6(1), 25-38.

Moore, R.J. (2007). The PDM rainfall-runoff modeldrology and Earth System Sciences, 11(1), 483-499

Assumptions and Limitations

Versions

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,Contact: Robert J. Moore

télead, Hydrological Modellling & Forecasting Group
Centre for Ecology & Hydrology

Crowmarsh Gifford

Wallingford

Oxfordshire

OX10 8BB

United Kingdom
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Tel: +44(0)1491 692262
Fax: +44(0)1491 692424
email: rm@ceh.ac.uk

Cost: £2000 (ex VAT) per PC installation for comniaruse. Discount available for academic use

TOPCAT-NP

TOPCAT is a simple hydrological model (simplificati of the model TOPMODELihat provides time series modelling of flow and of nitrate,

phosphates and phosphorus.

Model Type (lumped or distributed
event-based or continuou
Hydrological unit

)Jumped conceptual hydrological model, event-based

S,

yne,

GIS-based (wl
Languag

Open source?,
GIS?), Computer
Visualisation facilities

Origin (development andDeveloped by P.F. Quinn, C.J.M. Hewett and N.D.kay@wansa at the university of Newcastle Upon Ty
maintenance) U.K.
Platform (PC?), Operating Systep®Rlatform: PC

n&perating System: Windows, DOS
eOpen sour ce:

Computer Language: FORTRAN
Gl S-based: no
Visualisation facilities: no GUI, results displayed as graphs

Pathways and processes modelled

Surface runoffsudgiaice flow, Channel routing, infiltration and wation excess runoff, interceptio
evapotranspiration, baseflow, nitrogen and phosghor

Inputs (data requirements)

Rainfall, observed rngdrograph, potential evapotranspiration

Outputs Runoff hydrograph, baseflow
Calibration Method Automatic also uncertainty gsal routine Generalised Likelihood Uncertaintyigstion (GLUE).
Parameters Parameters are intended to be physicadirpretable and their number is kept to a mumm Critical
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parameters: saturated zone parameter, the saturatesinissivity values, and the root zone paramaek in
large catchments a channel routing velocity.

Water quality constituents

Nutrients: Nitrogen &ttbsphorus

Case Studies / Publications

Quinn, P.F., Hewett].MC, and Dayawansa, N.D.K. (2008). TOPCAT-NP: Animium information
requirement model for simulation of flow and nuttietransport from agricultural systems. Hydrologi
Processes, Vol. 22, No. 14, pp. 2565-2580

Quinn, P., Gallart, F., Llatron, J., and Russell, (K998). Nesting localized patch models and daithinv
catchment models and data. IAHS-AISH Publicatioo, R48, pp. 275-281.

Hewett, C. J.M., Quinn, P. F., Heathwaite, A. Loyie, A., Burke, S., Whitehead, P. G., and LerizrN.
(2009). A multi-scale framework for strategic maeaxgnt of diffuse pollution. Environmental Modelliragd
Software, Vol. 24, No. 1, pp. 74-85.

TOPCAT and TOPMODEL

TOPCAT is a simplification @t model TOPMODEL (Quinn and Beven 1993, Beven.€t995) and as sucl
uses identical soil moisture stores and subsuffaeeequations. TOPCAT does not, however use agoguhic
distribution function and thus does not allow tlepresentation of topographically controlled vamabburce
areas. The model TOPCAT also contains an extralbagdry weather flow component and two overlanainf
components that are caused by intense agriculnaahgement practices.

-—

Versions

TOPCAT-N, TOPCAT-P.

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,How to obtain Model: Contact:

t®r. P.F. Quinn, School of Civil Engineering and

Geosciences, Newcastle University, Newcastle UporeINE1 7RU,
UK. E-mail: P.F.Quinn@ncl.ac.uk

Cost: Free of charge

Pesticide Root Zone Modd (PRZM) and PRZM 3
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Model Type (lumped or distributed
event-based or continuous

)pone-dimensional, finite-difference model that actsdor pesticide and nitrogen fate in the crog mume.
Physically based, continuous-simulation

Origin (development an

maintenance)

dDeveloped by the EPA Athens laboratory (Carsel.ei884) for modelling the fate of pesticideshiritthe crop,
root zone, and subsequent leaching to groundwater

Platform (PC?), Operating Syste

Open source?,
GIS-based
Computer
Visualisation facilities

GIS?
Languags

(what

nmPlatform: PC

Operating System: Windows

Open source: yes

2,Computer Language: FORTRAN

Gl S-based: no

Visualisation facilities: no GUI, results are displayed as graphs

Pathways

Pesticide and nitrogen fate in the cropzone and the unsaturated zone, infiltrationpetranspiration,
percolation, and runoff.
chemical uptake by plants, surface runoff, erosaetay, volatilization, foliar washoff, advectiadispersion,
and retardation.

Inputs (data requirements)

Rainfall, pan evapanasolar radiation, temperature, and wind speestjqee loading

Outputs Runoff, sediment yield, nitrogen and pedidoads.
Calibration Method Model incorporates Monte Cagilmulation.
Parameters Physically-based parameters that tasr &e measured or obtained from literature. lseabe of values, the

can be calibrated. A Monte-Carlo simulation modsléncorporated. It reads special data for paramseb be
varied (e.g., distribution types and moments) antpwat variables to be observed, generates randaonbens,
correlates them and performs transformations, exgds these generated values for PRZM-3 paramg
performs statistical analysis on the output vadapand writes out statistical summaries for theuwuwariables.

y

2ters

Water quality constituents

Chemicals, pesticided, @trogen

Case Studies / Publications

Ma, Q.L., Wauchope, R.D., Hook, J.E., Johnson, AWuman, C.C., Dowler, C.C., Gascho, G.J., DaVis,
Sumner, H.R., and Chandler, L.D. (1998).GLEAMS, ®pnd PRZM-2 model predicted versus measured rt
from a coastal plain loamy sand. Transactions efAmerican Society of Agricultural Engineers, v 411, pp.
77-88.

INoff

Young, D. F., and Carleton, J. N. (2006).Implemgotacf a probabilistic curve number method in #ieRZM
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runoff model. Environmental Modelling and Software21, n 8, pp. 1172-1179.

Zacharias, S., and Heatwole, C.D. (1994). Evanatf GLEAMS and PRZM for predicting pesticide |rang
under field conditions. Transactions of the Amemi&ociety of Agricultural Engineers, v 37, n 2, gp9-451.

Banton, O., and Villeneuve, J.-P. (1989). Evaluatid groundwater vulnerability to pesticides: A quamison
between the pesticide DRASTIC index and the PRZA¢heng quantities. Journal of Contaminant Hydrolog
4, n 3, pp. 285-296.

Smith, M.C., Bottcher, A.B., Campbell, K.L. and Thas, D.L. (1991). Field testing and comparison hef
PRZM and GLEAMS models. Transactions of the Ameri&bciety of Agricultural Engineers 34 3, pp. 83
847.

<

—

Versions

PRZM3- links two models PRZM and VADOFTarder to predict pesticide transport and transétiom down
through the crop root and unsaturated zone.

PRZM releases: 3.12.3 (2006), 3.12.2(2005), 3.(2003), 3.12beta(1998), 2.3 (1996), 2.00 (19942 11993),
1.00(1992)

How to obtain Model (contacts
documentation), Cost, Easy to
(?) / training available

5,Technical Support, Contact CEAM at:
sePhone: 706-355-8400
Fax: 706-355-8104
E-mail: ceam@epamail.epa.gov
Mail:
Center for Exposure Assessment Modeling (CEAM)
National Exposure Research Laboratory - EcesystResearch Division
U.S. Environmental Protection Agency (U.S. EPA)
960 College Station Road
Athens, Georgia 30605-2700

PRZM3 model system with documentation is availafde microcomputer (DOS) systems, and can

be

downloadable fromhttp://www.epa.gov/ceampubl/gwater/przm3/przm3128Lh
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Cost: Free of charge

VIC
Variable Infiltration Capacity Model

Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

)semi-distributed grid-based hydrological model,captual

S,
hydrological unit: irregular cells (horizontal) ykxs (vertical)

Origin (development an

maintenance)

dOriginally developed by Xu Liang at the UniversityWashington

Platform (PC?), Operating Syste
Open source?, GIS-based (wi
GIS?), Computer Languag
Visualisation facilities

nRlatform: PC
n&perating System: Unix, Linux, DOS, Windows
eOpen source: yes

Computer Language: C
Gl S-based: yes, ARC/INFO
Visualisation facilities: GIS

Pathways and processes modelleg

Runoff, evapotransp, infiltration, percolation, baseflow.

Inputs (data requirements)

Rainfall, sub-daily teimperature, maximum and minimum daily temperatatejospheric vapour pressu
wind speed, shortwave radiation

e,

Outputs Baseflow, runoff, total evaporation, andstuwve content of soil layers.
Calibration Method random autostart simplex metaod the Genetic optimization
Parameters Sensitivity analysis: Lohmann et &98); Xie and Yuan (2006)

Water quality constituents

None

Case Studies / Publications

Linde, A., Aerts, J., Dolman, H., and Hurkmans(Z07). Comparing model performance of the HBV ®id
models in the Rhine basin. IAHS-AISH Publicatiorua@tification and Reduction of Predictive Uncertgifor
Sustainable Water Resources Management, No. 312/78p285.

Lohmann, D., Raschke E., Nijssen, B., and Letteram®.P. (1998). Regional scale hydrology: |. Falation
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of the VIC-2L model coupled to a routing model. Hyldgical Sciences Journal, Vol. 43, No. 1, pp.-131.

Chen, J., and Wu, Y. (2008). Exploring hydrologigedcess features of the East River (Dongjianginbas
South China using VIC and SWAT. IAHS-AISH Publicati Hydrological Sciences for Managing Water
Resources in the Asian Developing World, No. 319,116-123.

Lohmann, D. , Raschke, E., Nijssen, B., and Letterier, D.P. (1998). Regional scale hydrology: Ibphcation
of the VIC-2L model to the Weser River, Germanydkbjogical Sciences Journal, Vol. 43, No. 1, p8-1%8.

Xie, Z., and Yuan, F. (2006). A parameter estinraioheme of the land surface model VIC using thePER
databases. IAHS-AISH Publication, No. 307, pp. 189-

Xie, Z., Liu, Q., and Su, F. (2004). An applicatioithe VIC-3L land surface model with the new sod runoff
model in simulating streamflow for the Yellow Riveasin. IAHS-AISH Publication, No. 289, pp. 241824

Assumptions and Limitations

Versions

VIC-2L, VIC-3L

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,Contacts: Dennis P. Lettenmaier

tepartment of Civil and Environmental Engineeribgiyversity of Washington
202D Wilson Ceramic Lab, Box 352700

University of Washington

Seattle, WA 98195-2700

ph 206-543-2532

fx 206-616-6274

dennisl@u.washington.edu

Or vicadmin@hydro.washington.edu

Documentation: http://www.hydro.washington.edu/eethaier/Models/VIC/VIChome.html
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, B., and Lettaiem D.P.(1998). Regional scale hydrology: Il.pAgation of the VIC-2L model to the

Weser River, Germany. Hydrological Sciences Jouiall 43, No. 1, pp. 143-158.

ULTRA
Model Type (lumped or distributed
event-based or continuou

Hydrological unit

)Jumped conceptual, event-based
S1

Origin (development an

maintenance)

dDeveloped by J.F. Sabourin at Paul Wisner and Aatscinc., based on concepts developed by Dr.\Rarier
and Messrs. J. P'Ng, A. Lam, and D. Jobin at thedysity of Ottawa.

Platform (PC?), Operating Syste
Open source?, GIS-based (wl
GIS?), Computer Languag
Visualisation facilities

mRlatform: PC
n&perating System: Windows

eOpen sour ce:

Computer Language: BASIC
Gl S-based: No
Visualisation facilities: No

Pathways and processes modelleg

unit hydrographaamfdll losses

Inputs (data requirements) Rainfall

Outputs Tabular and graphical displays of the hgthph and hyetograph are available.

Calibration Method Manual

Parameters Two parameters define the shape ahihbydrograph, two parameters define the shapleeofinit hydrograph

Water quality constituents

No

Case Studies / Publications

ULTRA's sub-models are based on algorithms develapéhe PC Interhymo (Otthymo 89) model. The
Otthymo 89 model has been applied with successiginaut Canada as well as in basins in Switzerldaky,
Spain, Portugal, Cameroon, and the United Stat@snafrica. It has been applied by over 50 Canadian
organizations and is a recommended model in se@aradian guidelines for flood control and stormewra
management.

Assumptions/Limitations

Versions
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How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,How to obtain model: from the HOMS National Refere Centre for Canada
t&€ontact: Mr K. David Harvey

Atmospheric Environment Service,

Environment Canada

La Salle Academy, 373 Sussex Dr., Room E-122

Ottawa, Ontario

K1A OH3

Tel: +(613) 992 28 74

Fax: +(613) 992 42 88

Email: Dave.Harvey@ec.gc.ca

Cost: Free of Charge

SYNHYD

Model Type (lumped or distributed

) Conceptual, lumped-parameter, event-based

event-based or continuous,
Hydrological unit
Origin (development andDeveloped by Gert Aron at the Pennsylvania Statedysity, U.S.A

maintenance)

Platform (PC?), Operating Syste
Open source?, GIS-based (wi

rPlatform: PC
n&perating System: DOS

GIS?), Computer Language@pen sour ce:

Visualisation facilities

Computer Language: GWBASIC
Gl S-based: No
Visualisation facilities: No

Pathways and processes modelleg

Surface runofbasds.

Inputs (data requirements)

Rainfall, subarea dimesstravel times
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Outputs Runoff hydrographs

Calibration Method Manual

Parameters Rainfall, travel times, curve numbers

Water quality constituents None

Case Studies / Publications Seliga, T. A., G. Aron, K. Aydin, and E. White, Z2%torm Runoff Simulation Using Radar Rainfall &aand

a Unit Hydrograph Model (SYN-HYD) Applied to GREVWatershed. In: Am. Meteor. Soc., 25th mt. Conf, on
Radar Hydrology, pp. 587-590.

Assumptions/Limitations
Versions

How to obtain Model (contacts,To obtain model contact: Gert Aron,
documentation), Cost, Easy [&rofessor Emeritus of Civil Engineering,

use (?) / training available Department of Civil and Environmental Engineering,
Pennsylvania State University

Sackett Building

E-mail: gxa4@psu.edu

L arge Basin Runoff M od€l

Model Type (lumped or distributed) Conceptual, lumped-parameter, continuous-simulation

event-based or continuous,

Hydrological unit

Origin (development andDeveloped by Dr. Thomas E. Croley Il and TimothyHBnter, Great Lakes Environmental Research Laborat
maintenance) National Oceanic and Atmospheric Administration N

Platform (PC?), Operating Systep®Rlatform: PC

Open source?, GIS-based (wh&perating System: MS-DOS, Windows
GIS?), Computer LanguageOpen source: Yes

Visualisation facilities FComputer Language: FORTRAN 95

Draft --- 93



Pathways Project

Review of Catchment ManagemealsT

Gl S-based: No
Visualisation facilities. a simple windows-based application, no visualisatam! for outputs.

Pathways and processes modelled Surface runoffp&@aspiration, infiltration, interflow, groundveaitflow, and percolation.

Inputs (data requirements)

Daily precipitation, pemature, solar radiation, observed outflow (fordelacalibration);

Outputs

Surface runoff, interflow and groundwatewt

Calibration Method

Model is calibrated by applyiagystematic search of the parameter space tonmmithe root-mean-square
error between observed and simulated outflow. presedure in implemented in FORTRAN 95.

Parameters

Model has 9 empirical parameters. fraibn example in which the possible values aanges of the ¢
parameters is presented in Crowley (2002).

Water quality constituents

no

Case Studies / Publications

Croley, T. E., Il (1987). Great Lakes Large BasimBff Model. ASCE, pp. 14-19.

Croley, T. E., ll, He, C., and Lee, D. H. (200B)stributed-parameter large basin runoff modelAppplication
Journal of Hydrologic Engineering, Vol. 10, No.pp. 182-191.

He, C., and Croley, T. E., Il (2007). Applicatioh @ distributed large basin runoff model in the &reakes
basin. Control Engineering Practice: Special $actin Modelling and Control for Participatory Plarmand
Managing Water Systems, Vol. 15, No. 8, pp. 1001110

Croley, T. E., Il, and He, C. (2006). Watershedate and subsurface spatial intraflows model. daluof
Hydrologic Engineering, Vol. 11, No. 1, pp. 12-20.

Watkins Jr., D. W., Li, H., Thiemann, K. A., Adartig T. E. (2003). Radar Rainfall Estimates for @ré.akes
Hydrologic Models. World Water and EnvironmentakBerces Congress, pp. 1449-1458.

Assumptions and Limitations

Versions

How to obtain Model (contacts,Contacts: Dr. Thomas E. Croley Il (tom.croley@ngeaw)
documentation), Cost, Easy {dimothy S. Hunter (tim.hunter@noaa.gqv)
use (?) / training available U.S. Department of Commerce
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National Oceanic and Atmospheric Administration
Office of Atmospheric Research / Environmental Rese Laboratories
Great Lakes Environmental Research Laboratory
4840 S. State Rd
Ann Arbor, Ml 48105

Model, source codes, and all examples are availabléo download from
http://www.glerl.noaa.gov/wr/LBRMFiles.html

Crowley, T.E. Il (2002). Large Bas
Frevert, D.K. eds. Water Resources

WASMOD

in Runoff Mod&hapter 17 in Mathematical Models of Large Watedskiydrology. Singh, V.P. and
Publicationgyr@do, USA, pp. 717-770.

Model Type (lumped or distributed
event-based or continuou
Hydrological unit

) Conceptual, lumped, continuous-simulation
S,

Origin (development an

maintenance)

dDeveloped at the Department of Earch Sciences, dlppmiversity, Sweden

Platform (PC?), Operating Syste
Open source?, GIS-based (wi
GIS?), Computer Languag
Visualisation facilities

mRlatform: PC
n&perating System: Windows

eOpen sour ce:

Computer Language: FORTRAN
Gl S-based: No
Visualisation facilities: plots, no GUI

Pathways and processes modelled

Snowfall and sralting) rainfall, evapotranspiration, soil moisturecounting, fast flow (surface runoff) a
slow flow (Baseflow)

Inputs (data requirements)

Monthly precipitatiootgmtial evapotranspiration, temperature, and hiiynid
Monthly runoff (calibration)

Outputs

Flow (surface runoff, and baseflow) , swdlisture index, actual evapotranspiration
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Calibration Method

Automatic optimization. A dééal example of model calibration is presented in(2Q02).

Parameters

Model has 3-6 parameters dependingecavailability of input data and climate of stuggion. For sensitivity
analysis, see Xu (2001).
Model Sensitivity: Sensitive to precipitation dataor, not so sensitive to potential evapotransipmadata error

Water quality constituents

None

Case Studies / Publications

Widén-Nilsson, E., d#all S., and Xu, C.-Y. (2007). Global water-bakmodelling with WASMOD-M:
Parameter estimation and regionalisation. Journidldrology, Vol. 340, No. 1-2, pp. 105-118.

Gong, L., Widén-Nilsson, E., Halldin, S., and Xu;Y (2009). Large-scale runoff routing with angaggated
network-response function. Journal of Hydrology).\A368, No. 1-4, pp. 237-250.

Engeland, K., Xu, C.-Y., and Gottschalk, L. (200583sessing uncertainties in a conceptual watembalanodel
using Bayesian methodology. Hydrological Scieneesral, Vol. 50, No. 1, pp. 45-63.

Mdaller, F., Schrautzer, J., Reiche, E.-W., and RmkA. (2006).Ecosystem based indicators in regsgve

Applications in Environmental Management, Vol. &.N, pp. 63-82.

Assumptions/Limitations

Versions

WASMOD-M, NOPEX-6

How to obtain Model (contacts
documentation), Cost, Easy to U
(?) / training available

5,Contact: Prof. Chong-yu Xu,
deepartment of Geosciences, Hydrology,
University of Oslo

Sem Saelands veli 1
P O Box 1047 Blindern
N-0316 Oslo
Norway

Tel: + 0047-22-855825%
Fax: + 0047-22-854215%

Email: chongyu.xu@geo.uio.no
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Cost:

Xu, C-Y, 2001. Statistical analysis o
Xu,C. -Y., 2002. WASMOD - the

f a conceptuater balance model, methodology and case studyenMResources Management 15: 75-92.
Water and Snow Baklmdodelling System. Chapter 17 in Mathematical Med# Small Watershed

Hydrology and Applications. Singh, V.P. and FreyBrtK. eds, Water Resources Publications, Colqrak&A, pp. 555-590.

The UBC moded

Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

)Conceptual, continuous-simulation, lumped

S,

Origin (development an

maintenance)

dDeveloped by M.C. Quick and A. Pipes at the depamntnof Civil Engineering, University of British Gohbia,

Vancouver, Canada.

Platform (PC?), Operating Syste
Open source?, GIS-based (wh
GIS?), Computer Languag
Visualisation facilities

mRlatform: PC, IBM
n&perating System: MS-DOS
eOpen sour ce:

Computer Language:
Gl S-based: No
Visualisation facilities: own GUI

Pathways and processes modelled

The model simukatapotranspiration, infiltration, interflow, petation, runoff, baseflow and deep
groundwater flow.

Inputs (data requirements)

Temperature, snowfalramfall, observed flow (for model calibration)

Outputs Surface runoff, Interflow, quick responssdflow, and deep groundwater response
Calibration Method Semi-automatic calibration mat
Parameters Model is designed so that many paresrmatéhe model do not require calibration. Othgtiraizable parameter

are given default values to provide a good bagighe start of calibration. Parameter ranges (alél in the
User Manual)

Water quality constituents

no

n

Case Studies / Publications

Micovic, Z., and Quick, M. C. (1999). Regional flegtimation using a hydrologic model. Proceedidgsjual
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Conference - Canadian Society for Civil Engineering 2, pp. 369-379, 14th Hydrotechnical Specis
Conference.

Hudson, R.O. and M.C. Quick. (1997). A componensedawater chemistry simulator for small subalg
watersheds. Canadian Water Resources Journal 2293325.

Whitfield, P.H., Reynolds, C.J. and Cannon, A.002). Modelling streamflows in present and futumnates—
examples from Georgia Basin, British Columbia. Chaa Water Resources Journal 27(4):427-456.

Ity

ine

Assumptions and Limitations

Versions

use (?) / training available

How to obtain Model (contacts,Contact: Prof. M.C. Quick
documentation), Cost, Easy {t®epartment of Civil Engineering,

University of British Colombia,

Vancouver 8, B.C. , Canada

Tel: 604 224-8895 [Home]

E-mail: mguick@civil.ubc.cdmcquick@telus.net

Cost: The model is available at nominal cost wluchers preparations of model disks, manual, inpdt@utput

files. Requests should be made to Prof. M.C. Quick.

HYMOD

Model Type (lumped or distributed

)Conceptual, lumped, continuous simulation

maintenance)

event-based or continuoys,
Hydrological unit
Origin (development angdDeveloped at the University of Arizona

Platform (PC?), Operating Syste
Open source?, GIS-based (wh

nmRlatform: PC
n&perating System: Windows
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GIS?), Computer Languag
Visualisation facilities

eOpen source: yes

Computer Language: Matlab
Gl S-based: No

Visualisation facilities: No

Pathways and processes modelled Pathways and gesdamped in 3 quick response storages and owaasponse storage.

Inputs (data requirements)

Rainfall, temperatubseoved outflow (for model calibration)

Outputs

Runoff discharge

Calibration Method

Manual (original version of nebd single-objective SCEM-UA and the multi-objective MOSCEM-diyorithms
developed at the University of Amsterdam were used for thenizatiion of the parameters of the HYMOD mo
(Bos and de Vreng, 2006)

el

Parameters

5 parameters require optimizatlmmaximum storage capacity in the catchment, the degrgmabél variability
of the soil moisture capacity within the catchment, the factor distributingptveoetween the two series of reservo
and the residence time of the linear quick and slow reservoirs.

Water quality constituents

None

Case Studies / Publications

Moradkhani, H., Sorooshian, S., Gupta, H. V., &ualser, P. R. (2005). Dual state-parameter egtmaif
hydrological models using ensemble Kalman filtetlvances in Water Resources, Vol. 28, No. 2, pp-1435

forecast: value of semidistributed modelilgater Resources Resea®@h(11) (2001), pp. 2749-27509.

Assumptions/Limitations

Versions

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,Prof. Hoshin V. Gupta,
tdniversity of Arizona,
john w harshbarger 314,
PO BOX 210011
Arizona, USA

Tel: 520-626-9712

D.P. Boyle, H.V. Gupta, S. Sorooshian, V. Koren,Zhang and M. Smith, Toward improved streamflow

Email: hoshin.gupta@hwr.arizona.edu
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Cost: Free of charge

Bos, A. and de Vreng, A. (2006).
University

Parameter ogation of the HYMOD model using SCEM-UA and MOSCHIA. M.Sc. Thesis,
of Amsterdam.

http://student.science.uva.nl/~devreng/files/Patar@&0optimization%200f%20the%20HYMOD%20model%20g%%20SCEM-

UA%20and%20MOSCEM-UA.pdf.

PSRM (Penn-State Runoff Modél)

Model Type (lumped or distributed
event-based or continuou
Hydrological unit

) Distributed, semi-continuous (up to 8 consecutieens events).

S1
Hydrological Unit: subareas

Origin (development an

maintenance)

dDeveloped by Gert Aron, David L. Lakatos, and Bzt L. White at the Pennsylvania State Univer&ity.A.

Platform (PC?), Operating Syste
Open source?, GIS-based (wh
GIS?), Computer Languag
Visualisation facilities

nPlatform: IBM-compatible PCs
n&perating System: DOS
eOpen sour ce:

Computer Language: GW-BASIC
GIS-based: no
Visualisation facilities: no Graphical user interface

Pathways and processes modelled

Infiltration, My@ofd channel routing

Inputs (data requirements)

Catchment data, Rajrdiafierved flow hydrograph (for model calibration)

Outputs Outflow hydrograph (Runoff discharge)
Calibration Method Manual
Parameters The curve number CN, initial abstradtator, weighting factor of Muskingum method, afdnning’s n. For

sensitive parameters , see Kibler and Aron (1978).

Water quality constituents

None in original modBISRM-QUAL.: total suspended solids, trace metalgjents, chemical oxygen dema
(COD) and biological oxygen demand (BOD)

Case Studies / Publications

Aron, G., David, J. V., Lakatos, F. , and Blair, @979). Penn State Urban Runoff Model To Pinpéiloiod
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Peak Source Location. Journal of the American WRe=ources Association, Vol. 15, No. 5, pp. 1256412

Tsihrintzis, V. A. and Sidan, C. B. (2008). ILLURAand PSRM-QUAL predictive ability in small urbareas
and comparison with other models. Hydrological Bsses, Vol. 22, No. 17, pp. 3321-3336.

Lakatos, D. F. (1981). Planning Storm Runoff Cohtmpoundments Using The Penn State Runoff Mo
Water Science and Technology, Vol. 2, pp. 995-1000.

Shamsi, U.M. (1996). Storm-water management imphgat®n through modelling and GIS. Journal of Wa
Resources Planning and Management - ASCE, VolN@22, pp. 114-127.

del.

ater

Assumptions and Limitations

Versions

KU-Penn State Runoff Model, PSRM-QUAL,

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,T0 obtain model contact: Gert Aron,

t&’rofessor Emeritus of Civil Engineering,
Department of Civil and Environmental Engineering,
Pennsylvania State University

Sackett Building

E-mail: gxa4@psu.edu

Cost:

Kibler, D. F., Aron, G. (1978). Effects Of ParamreBensitivity And Model Structure In Urban Run8ffulation. Ky Univ Off Res Eng Serv

Bull UKY BU116, pp. 81-89.

WBNM 2000

Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

)yconceptual, event-based, distributed, parametrigeino
S,

Hydrological unit : catchment divided into subaresepending on stream channel network.
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Origin (development
maintenance)

an

dDeveloped by M.J. Boyd, E.H. Rigby, and R. Vanlxig¢he Faculty of Engineering, University of Wolgmng,
Australia

Platform (PC?), Operating Syste
Open source?, GIS-based (wh
GIS?), Computer Languag
Visualisation facilities

eOpen source: yes

mPlatform: PC
n&perating System: DOS

Computer Language: FORTRAN 77/90, PASCAL for graphics
Gl S-based: No
Visualisation facilities: WBNM graphical user interface

Pathways and processes modelleg

Model computdkttegenerated on natural and urban catchments.

Inputs (data requirements) Rainfall

Outputs Runoff

Calibration Method Manual

Parameters A very few number of lag parameters
Water quality constituents None

Case Studies / Publications

Boyd, M. J. , Righy, E. H. and VanDrie, R. (1998)BNM - a computer software package for flood hygeph
studies. Environmental Software, Vol. 11, No. IMhdelling and Simulation Theme: Regional Developtm
and Environmental Change, pp. 167-172.

Adams, A. (1991).
National Conference Publication - Institution ofdgireers, Australia: Challenges for Sustainable preent,
Vol. 2, No. 91, pt 22, pp. 485-491.

Venugopal, K., Gopalakrishnan, T.V., and Sakthiveld R. (1983). Watershed Bounded Network Mo
(WBNM) For Runoff Prediction Of Large Basins. Nardilydrology, Vol. 14, No. 4, pp. 229-238.

Boyd, M.J., Righy, E.H., and VanDrie, R. (2000). Wi42000 - Computer software for flood studies onunait
and urban catchments. , Hydraulic engineering So&w 11, Water Studies, Vol. 7, pp. 37-46.

Application and comparison of RE) WBNM and RAFTS runoff routing models.

en

[2)

del

Assumptions/Limitations

Versions
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documentation), Cost, Easy
use (?) / training available

How to obtain Model (contacts

5,Contact: Professor Michael Boyd,

té-aculty of Engineering, University of Wollongong,
Australia 2522.

Tel: +61 2 4221 3054

Fax: +61 2 4221 3238

Email: michael _boyd@uow.edu.au

Web URL: http://www.edu.au/eng/staff/boyd.html

Cost: free of charge

PARCHED-THIRST

Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

)Process-based and semi-distribtuted by subcatckmentped into hydrological response units, contirgc
ssimulation

Hydrological unit : Hydrological response units

Origin (development an

maintenance)

dDeeveloped by Damion Young and John Gowing, Unityeod Newcastle upon Tyne

Platform (PC?), Operating SystenRlatform: PC

Open source?, GIS-based (wh&perating System: Windows

GIS?), Computer LanguageOpen source: no

Visualisation facilities Computer Language: compiled Visual Basic, FORTRAN 77(PARCHED only)
Gl S-based: No
Visualisation facilities: a simple, but limited interface written in Visuah$ic, also model has a decision supj
system

bort

Pathways and processes modelleg

Model is develwpsinulate the main processes in a Rainwater lsinge System. The main modules a

re:
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Climate Generator, Infiltration/Runoff Model, Saater Model, and Crop Growth Model.

The hydrological pathways in the model are: evamspiration, infiltration, soil water, rainfall, dmunoff.

Inputs (data requirements)

Daily rainfall, maximum and minimum temperaturend/ispeed, humidity, and solar radiation.

Outputs

Runoff, generated climate variables (rainfall, pemature, wind speed, humidity, and solar radiation

Calibration Method

Physical parameters require field measurements emtichation by pedotransfer functions. In principle
calibration required.

Parameters

Soil physical parameters, topography, crop parasetdimate parameters. Layout of the rainwatewésting
system. Two levels of parameters: level to be gagianged by the (novice) user and the advanced, |
normally default and only to be changed by experts

Sensitivity: Very high sensitivity to the soil watetention parameters

Water quality constituents

None

Case Studies / Publications

Young, M. D. B. , Gowm% J. W., Wyseure, G. C, land Hatibun, N. (2002). Parched-Thirst: develept an
\éalldatllozn1 (if4 651 process-based model of rainwatavdsting. Agricultural water management, Vol. BB,
, Pp- -140.

Case studies (see Wyseure et al. 2002)

Assumptions/Limitations

Versions

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

>3
tdark Damion Bede Young
Department of Agricultural and Environmental Scienc
King George VI Building
University of Newcastle upon Tyne,
NE1 7RU, UK
Phone: 0191 222 6942

Fax: 0191 222 5228
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email: m.d.b.young@ncl.ac.uk

Homepage: http://www.staff.ncl.ac.uk/m.d.b.youndér.html

How to obtain Model and documentation: contact MING, also Visit
http://www.agr.kuleuven.ac.be/vakken/IC03 _ICO4/rfind/PTHdbV?22.pdf (documentation)

http://www.biw.kuleuven.be/VAKKEN/IC03_1C04/runoffi/PTModel_download.aspfmodel)

Cost: free of charge

Wyseure, G. C. L., Gowing, J. W.

, and Young, M. B.(2002). PARCHED-THIRST: an agrohydrological mbéte planning rainwater

harvesting systems in semi-arid areas. Mathematicalels of small watershed hydrology and applicatic&ingh, V. P., and Frevert, D. (eds).
Water Resources Publications, Colorado, U.S.A.3pfh-334

SIRG

Model Type (lumped or distributed
event-based or continuou
Hydrological unit

) Semi-Physically-based, distributed, continuous-$itien hydrological model.
S1
Hydrological Unit:sub-basins

Origin (development
maintenance)

an

d Developed at the Department of Civil Engineeriéggu University, South Korea.

Platform (PC?), Operating Syste
Open source?, GIS-based (wi
GIS?), Computer
Visualisation facilities

mRlatform: PC
n&per ating System: Windows

LanguageOpen sour ce:

Computer Language:
Gl S-based: No
Visualisation facilities: no GUI, data and outputs displayed as graphs.

Pathways and processes modelleg

Rainfall-rundfftration, sub-surface flow, river discharge, agrdundwater flow.

Inputs (data requirements)

Rainfall, water depdimsl current velocities of river flow and groundwatkevations during the period of rair

—

Draft --- 105

y



Pathways Project

Review of Catchment ManagemealsT

season. Observed hydrograph and groundwater edagdtr model calibration

Outputs Discharge hydrograph and groundwater level.

Calibration Method Manual

Parameters Model has approximately 15 paramétemnajority of which are empirical.
Water quality constituents No.

Case Studies / Publications

Application to a watershed area of Yang-yang Nanutam located in the north-eastern coast of Kohé&zo(
2002).

Assumptions/Limitations

Versions

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,Contact:

t&rof. Dong Hoon Yoo, Department of Civil Enginegrir\jou University,
Suwon, 442-749, South Korea

dhy@hydroprogram.com

Yoo, D.H. (2002). Numerical Model
Models of Small Watershed Hydrol
pp. 167-182.
ThalesMode

of Surface Runodfffiltration, River Discharge, and GroundwateoWwtSIRG, Chapter 6 in Mathematical
ogy and Applicasio®ingh,V.P. and Frevert,D.K. eds. Water Resouredsications, Colorado, U.S/A. ,

Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

)simple distributed parameter, physically-basedtinanus simulation

S,
Hydrological unit: TAPES-C model divides the cat@mhinto elements using the “stream-tube” approésbe
Grayson et al. 1995).

Origin (development an
maintenance)

dDeveloped by G.Bloschl (Australian National Univgrs R.B. Grayson (University of Melbourne) andl.
Moore (Australian National University).

Platform (PC?), Operating Syste

rPlatform: PC

Open source?, GIS-based (wh

n&perating System: Windows
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GIS?), Computer  LanguageOpen source:

Visualisation facilities

Computer Language:
Gl S-based: no
Visualisation facilities: no GUI, data and outputs displayed as graphs.

Pathways and processes modelleg Infiltration, sarfanoff, channel routing, Groundwater flow, aiidflow (modelled as channel flow)

Inputs (data requirements) Rainfall, observed ruhgdrograph

Outputs Runoff, baseflow

Calibration Method

Parameters Input parameters: water content ait degbacity, drainable porosity, effective hydrawonductivity of the soi

profile, coefficient and exponent of the flow amiaeharge relationship (given, for example, by Magis
eqguation or the Darcy-Weisbach equation) as wethasnfiltration parameters.

Water quality constituents

No.

Case Studies / Publications

Adams, R., Western, A., Anderson, B., and Seed(2B808). Investigating spatial and temporal varigbiin
runoff and sediment generation using a physicadlyeldl model, Thales. Australian Journal of WateoRegs, V|
12, n 3, pp. 233-243.

Western, A. W., Grayson, R. B., and Green, T. R9€). The Tarrawarra project. high resolution sjg
measurement, modelling and analysis of soil masturd hydrological response. Hydrological Process&8, n
5, pp. 633-652.

Grayson, R. B., I. D. Moore, and T. A. McMahon (299hysically Based Hydrologic Modeling 1. A Ten-a|
Based Model for Investigative Purposes, Water Reses., 28(10), 2639-2658.

Versions

How to obtain Model (contacts
documentation), Cost, Easy

5 How to obtain Model and documentation, Contact:
t&’rof. Rodger Grayson

ati

use (?) / training available

CRC for Catchment Hydrology and Centre for Enviremtal Applied Hydrology
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Department of Civil and Environmental Engineering
University of Melbourne

Victoria, 3010, Australia

Phone: (61 3) 9905 1969 / 0417 054 660

Fax: (61 3) 9905 5033

E-mail: rodger@civenv.unimelb.edu.au

Cost:

Grayson, R.B., Bloschl ,G., and Moore, I.D. (1995)stributed parameter hydrologic modelling usirgctor elevation data: THALES and

TAPES-C, Chapter 19 in Computer
696.

Tank Modé

Models of WaterdHgdrology. Singh,V.P. ed., Water Resources Putiting, Colorado, U.S.A., pp. 669-

Model Type (lumped or distributed
event-based or continuou
Hydrological unit

)Lumped, conceptual, continuous-simulation
S,

Origin (development an

maintenance)

d
Developed by M. Sugawara, Mianai Karasuyama, TpBgpan

Platform (PC?), Operating Syste
Open source?, GIS-based (wi
GIS?), Computer Languag
Visualisation facilities

eOpen Sour ce:

mRlatform: PC
n&perating System: Windows

Gl S-Based: No
Computer Language: FORTRAN
Visualisation Facilities: no Graphical user inerface

Pathways and processes modelled

Model composemnhiofdnks laid vertically in series. Tanks havetdrot (except the last tank) and side outl
The outputs from the side outlets are the calcdlateoffs. Output from Top tank=surface runoff, @ed tank =

Pts.

intermediate runoff, third tank= sub-base runafig #ourth tank= baseflow.
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Inputs (data requirements)

Rainfall, observed disgh (for model calibration)

Outputs Computed runoff volumes.
Calibration Method Automatic Calibration by hilt@limbing method (see Sugawara, 1979 and Sugal@8%)
Parameters 7 empirical runoff-infiltration coeiéints, coefficients of the position of side outletscoefficients, paramete

of soil moisture structure: 4 parameters. Methoggpl@nd approach for calibrating these parameteds
coefficients are detailed in Sugawara (1995).

IS
an

Water quality constituents

None

Case Studies / Publications

Ramli, M., Ohnishi, Y., and Nishiyama, S.(2007).upled tank model and flow model for slope seepimye
analysis. Geotechnical Engineering, Vol. 38, Np,51-56.

variation. Hydrological Processes, Vol. 19, No. A9, 3837-3850.

Paik, K., Kim, J. H., Kim, H. S., and Lee, D. RO(@5). A conceptual rainfall-runoff model considegyiseasonal

Versions

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,How to obtain Model:
t€ontact Dr. M. Sugawara
6-13-30 Mianai Karasuyama
Setagaya — Ku

Tokyo 157, Japan.

Documentation: Contact Author. Also see Sugawa®83).

Sugawara, M. (1979). Automatic calibration of taek model. Hydro. Sci. Bull. No. 24, pp. 375-388

Sugawara, M. (1995). Tank Model,
Colorado, U.S.A., pp. 165-214.

OPUS

Chapter 6 in CampiModels of Watershed Hydrology. Singh,V.P. &tigter Resources Puiblications,

| Model Type (lumped or distributed), Distributedntiouous, physically-based, hydrological model.
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event-based continuou

Hydrological unit

or

S!
Hydrological Unit: Finite difference cell.

Origin (development an

maintenance)

dDeveloped by Roger E. Smith, United States Departnod Agriculture, Agricultural Research Servi

Platform (PC?), Operating Syste
Open source?, GIS-based (wh
GIS?), Computer Languag
Visualisation facilities

eOpen sour ce:

mRlatform: PC
n&perating System: DOS

Computer Language: FORTRAN
Gl S-based: No
Visualisation facilities: Opus-GUI (Beta version)

Pathways and processes modelled

Infiltration, attdon of surface water and soil water, runoff, qp@mnt source pollution, erosion, growth
plants, development of cover, water use, uptakeutfients, cycling of soil nitrogen, phosphorusd aarbon,
and transport of adsorbed pesticides and nutrients.

of

Inputs (data requirements)

Rainfall, maximum andimum daily temperature, solar radiation, conceimnaof chemicals in soil, an
observed runoff. Parameters must be input to desthie soil hydraulics, the basic soil organic eratihe field
slope and size, the soil erodibility charactersstibepth and spacing of any drains, vegetation thr@arameters
and other basic information.

Outputs

The model produces a variety of outpusfile part depending on the simulation options eho3he simulatior

file giving summaries of water balance on a daignthly, and annual basis, plus optional outpesfior water
and chemical distributions in the soil profile, foydrologic detail, and for daily plant status. Klautputs:
Discharge, concentration of chemicals in runoffevat

of residue and solil nitrogen cycles, pesticidedpamt, and erosion processes are optional. Therenain output

1l

Calibration Method

Parameters

Parameters must be input to descelmothhydraulics, the basic soil organic mattee, field slope and size, tf
soil erodibility characteristics, depth and spaanigany drains, vegetation growth parameters, ahdrdasic
information.

Five parameters describe the hydraulic and watentien characteristics of a soil layer: saturdtgdraulic
conductivity, saturated water content, residuakwabntent, air entry pressure, and a pore sizelison index.

e

Sensitive parameters: see chapter 4 in Zachd9a8s,
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Water quality constituents

Nitrogen, phosphoroashan, pesticides. Ten pesticides can be considamadtaneously

Case Studies / Publications

Ma, Q.L., Wauchope, R.D., Hook, J.E., Johnson, AWuman, C.C., Dowler, C.C., Gascho, G.J., Dali§,.,
Sumner, H.R., and Chandler, L.D.(1998). GLEAMS, ®pnd PRZM-2 model predicted versus measured r{
from coastal plain loamy sand. Transactions ofAheerican Society of Agricultural Engineers, Vol.,ANo. 1,
pp. 77-88.

Fontes, J. C., Pereira, L. S., and Smith, R. BEO420Runoff and erosion in volcanic soils of Azorssnulation
with OPUS. CATENA, Vol. 56, No. 1-3, Volcanic Sétlesources: Occurrence, Development and Propgupe
199-212.

Bormann, H. , Diekkruger, B. , and Hauschild, M99®). Impacts of landscape management on the ogloall
behaviour of small agricultural catchments. Physied Chemistry of the Earth, Part B: Hydrology, &tweand
Atmosphere, Vol. 24, No. 4, pp. 291-296.

Moberly, C., Workman, S. R., Warner, R. C. (200Qalibration and Evaluation of a Hydrologic Model {
Loose-Dump Mine Spoil. International Journal of Mig, Reclamation and Environment, Vol. 15, No. B,
147-162.

Assumptions and Limitations

Versions

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,Contact: Roger E. Smith

tdnited States Department of Agriculture
Agricultural Research Service,

Water Management Research Unit
Room S-320

2150 CENTRE AVE

BLDG D, STE 320

FORT COLLINS, CO, 80526

USA

INoff

)
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492-7430
492-7408

(970)
(970)

Phone:
Fax:
email: roger.smith@ars.usda.gov

How to obtain Model: contact the author for a copyhe model and documentation sroger@engr.comst
Cost: Free of charge

Zacharias,S. (1998). Modeling Spatial VariabilifyFeeld-Scale Solute Transport in the Vadose Z&e Dissertation, Virginia Tech, U.S.A.
http://scholar.lib.vt.edu/theses/available/etd-9842438/unrestricted/chap4.pdf

HYDROTEL Model

Model Type (lumped or distributed
event-based or continuou
Hydrological unit

) Physically-based, spatially distributed model, continuous-simulation.
S1
Hydrological Unit: relatively homogeous hydrological unit (RHHU).

Origin (development an

maintenance)

dDeveloped at the INRS-ETE (Institut National de la Recherche Scientifique, Eau, Terre et
Environnement), Canada.

Platform (PC?), Operating Syste
Open source?, GIS-based (wh
GIS?), Computer Languag
Visualisation facilities

eOpen source:

nPlatform: PC
n&perating System: Windows

Computer Language: C++
Gl S-based: No
Visualisation facilities: Physitel ( a graphical pre-processes for Hydrotéyjrotel GUI.

Pathways and processes modelled Evapotranspiration, infiltration, vertical water dget, surface and sub-surface runoff, and n
routing.

Inputs (data requirements) Precipitation, temperaturalpedo, solar radiation, humidity of the air andhavif Penman Montietl
model used).

Outputs

Runoff discharge and baseflow

Calibration Method

Shuffled complex evolution usedcalibration.
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Parameters

Parameters that are typically calitbrate
- Evapotranspiration coefficient (a multiplicatigarameter which boosts or reduces PET)
- Depth of each of the three layers of soil.
- Recession coefficient for the third layer.
- Manning’s n (roughness coefficient) for overlandoff routing

There are other parameters that are either medsunaban be obtained from literature.

Water quality constituents

None

Case Studies / Publications

Fortin, J.P., Turcotte, R., Massicotte, S., Mou&saFitzback, J., and Vellaeneuve, J.P. (20019trbuted
watershed model compatible with remote sensing&@&ddata. II: Application to Chaudiere watersheunirdal
of Hydrologic Engineering, Vol. 6, No. 2, pp. 1008L

Fortin, J.P. , Turcotte, R., Massicotte, S., MoussaFitzback, J., and Villeneuve, J.P. (2001xtibuted
watershed model compatible with remote sensing@fddata. |: Description of model. Journal of Hydgic
Engineering, Vol. 6, No. 2, pp. 91-99.

Fortin, V., Chahinian, N., Montanari, A., Moret®,, and Moussa, R. (2006). Distributed hydrologica
modelling with lumped inputs. IAHS-AISH PublicatioNo. 307, pp. 135-148.

Fortin, J.P., Moussa, R., Bocquillon, C. et Villeme, J.P. (1995) . "Hydrotel, un modéle hydrologigistribué
pouvant bénéficier des données fournies par lddé&étion et les systemes d’information géograpigrevue
des Sciences de I'eau, 8, 97-124.

Versions

How to obtain Model (contacts,Contact: Prof. Jean-Pierre FortiNRS-ETE (Institut National de la Recherche Scientifique, Eau,

documentation), Cost, Easy
use (?) / training available

tderre et Environnement, Canada

jean-pierre fortin@ete.inrs.ca

Draft --- 113




Pathways Project

Review of Catchment ManagemealsT

Documentationhttp://hydrotel.codeplex.com/Wiki/View.aspx?titleeBumentation

(in French).

Homepagehttp://www.ete.inrs.ca/activites/modeles/hydroteléecueil.htm

Cost:

InHM (Integrated Hydrology M odel)

Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

)Physically-based, distributed, three-dimensional
S,
Hydrological Unit: control volume finite element

Origin (development an

maintenance)

dThe Integrated Hydrology Model, is the productedgaarch that begun at the University of Waterlob983 and
continued at Stanford University in 1998.

Platform (PC?), Operating Syste
Open source?, GIS-based (wl
GIS?), Computer Languag
Visualisation facilities

eOpen source: yes

mRlatform: PC
n&perating System: Windows, Linux/Unix

Computer Language: Fortran 95
Gl S-based: No
Visualisation facilities; not available

Pathways and processes modelleg

Overland flowpsisze flow, infiltration, baseflow, percolatiomachannel flow, evapotranspiration.

Inputs (data requirements)

Rainfall, solar radmtidaily maximum and minimum temperatures, vapoasgure, observed flow for mod
calibration.

Outputs Surface runoff, stream flow, subsurfacesflo
Calibration Method manual
Parameters Physically-based parameters: PorousaMRatameters, Surface Water Parameters, numenathiématical

parameters (explained in model website Inhm.org)

Water quality constituents

Solutes, and sedimdras (et al, 2007).
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Case Studies / Publications

Rapid simulated hydrolesponse within the variably saturated nedasar
Ebel, Brian A.1; Loague, Keithl Source: Hydrologifeocesses, v 22, n 3, p 464-471, January 30, 2008

A hypothetical reality of Tarrawarra-like hydrolegiesponse
Mirus, Benjamin B.1; Loague, Keithl; VanderKwaasielE.2; Kampf, Stephanie K.3; Burges, Stephen J.4
Source: Hydrological Processes, v 23, n 7, p 1Qd®,1March 30, 2009

A high-resolution integrated hydrology-hydrodynamiodel of the Barataria Basin system
Inoue, Masamichil, 2; Park, Dongho2; Justic, Dukody 3; Wiseman Jr., William J.4 Source: Environtaén
Modelling and Software, v 23, n 9, p 1122-1132,t8eyber 2008

Physics-based continuous simulation of long-terar4seirface hydrologic response for the Coos Bay
experimental catchment

Ebel, Brian A.1, 5; Loague, Keithl, 5; Montgomebgvid R.2, 6; Dietrich, William E.3, 4 Source: Wiate
Resources Research, v 44, n 7, July 2008

Assumptions/Limitations

Versions

How to obtain Model (contacts,Contacts:
documentation), Cost, Easy to ys#oel E. VanderKwaak

(?) / training available

joel@integratedhydrology.com

or Keith Loague

Professor, Department of Geological & Environmefteknces
Stanford University, Stanford, California

CA 94305-2115, USA.

E-mail: keith@pangea.stanford.edu

Homepage: http://inhm.org/

Model and Documentation: can be downloaded fromMtthm.org/
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Ran, Q., Heppner, C.S., VanderKwaak,J.E., and Le&gy2007). Further testing of the integrated lbjalyy model (INnHM): multiple-species
sediment transport. Hydrological Processes, Valppl1522-1531.

CHDM
Model Type (lumped or distributed) A physically-based event-based semi-distributedehod
event-based or continuoys,
Hydrological unit
Origin (development angdDeveloped by Prof. Vicente L. Lopes, at the Departtof Biology, Texas State University - San Marcos
maintenance)

Platform (PC?), Operating Systep®Rlatform:
Open source?, GIS-based (wh&@perating System:

GIS?), Computer LanguageOpen source:
Visualisation facilities Computer Language:
Gl S-based:
Visualisation facilities:
Pathways and processes modelled represents thespescof interception, depression storage, irtfdtieexcess overland flow, channel flow and

non-equilibrium sediment transport.

Inputs (data requirements)

Outputs

Calibration Method

Parameters

Water quality constituents sediments

Case Studies / Publications Lopes, V. L.(1995).CHDM - Catchment Hydrology Dibktrted Model. Watershed Management Symposiym -

Proceedings, pp. 144-154.

De Aragdo, R., Srinivasan, V.S., Suzuki, K., KagoA., Oguro, M., Sakata, Y. (2005). Evaluation aof
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Publication, n 292, pp. 85-93.

physically-based model to simulate the runoff arakien processes in a semiarid region of BraziH$AAISH

Assumptions/Limitations

Versions

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,Contact: Prof. Vicente L. Lopes
tepartment

601

Texas

San Marcos,
USA

Phone:

Fax:

Email: vlopes@txstate.edu

How to obtain Model:
Documentation:

Cost:

of
University
State

Texas

Biology

Drive
University
786¢

(512)245-6709
(512)245-7918

»6

EUROSEM

Model Type (lumped or distributed

)Physically-based, distributed event-based model

event-based or continuous,
Hydrological unit Hydrological Unit: homogenous units or elements
Origin (development andThe European Soil Erosion Model (EUROSEM) is atjaffort of many European scientists. The work

maintenance)

involved more than 40 scientists from ten Europ€ammunity countries, two other European countried
collaboration with the USDA Agricultural EngineegiiResearch Service, Fort Collins, Colorado, USA.

has
a

Platform (PC?), Operating Syste

rPlatform: PC

Open source?, GIS-based (wh

n&perating System: Windows 95, 98, NT4, 2000
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GIS?), Computer LanguageDpen source: Yes

Visualisation facilities

Computer Language: FORTRAN
Gl S-based: no
Visualisation facilities: No graphical user interface

Pathways and processes modelled

Interception, skdpre storage, detachment of soil particles bydraj impact and by runoff, sedime
deposition, runoff

nt

Inputs (data requirements)

Rainfall, observed hgdiph, topographic and hydraulic characteristid®rmation about the soil.

Outputs Runoff depth, runoff volume, sediment comiadion and total sediment removed.
Calibration Method Manual
Parameters It is quite important to calibrate the runoff hyligy before attempting to calibrate the sedimeanhgport

parameters. List of parameters are available ineTald in Morgan et al. (1998). For sensitive paters se¢
Veihe and Quinton (2000)

\1*4

Water quality constituents

Sediments

Case Studies / Publications

Veihe, A. , Rey, J., Quinton, J.N., Strauss, Bncho, F.M., and Somarriba, M.(2001). Modellingeeént-basec
soil erosion in Costa Rica, Nicaragua and Mexicaal&ation of the EUROSEM model. Catena, v 44, p3,
187-203.

Folly, A., Quinton, J.N., and Smith, R.E. (1999%yaltiation of the EUROSEM model using data from@agsop
watershed, the Netherlands. Catena, v 37, n 3-4@p{519.

Modelling increased soil cohesion due to roots with  EUROSEM
De Baets, S., Torri, D., Poesen, J., Salvador, MaRd Meersmans, J. (2008). Earth Surface Processt
Landforms, v 33, n 13, pp. 1948-1963.

Soil erosion modelling withn EUROSEM at Embori and uldgodo catchments, Keny
Mati, B.M. , Morgan, R.P.C., and Quinton, J.N. (BDCEarth Surface Processes and Landforms, v 31,pp.
579-588.

The European soil erosion model (EUROSEM): a dyoapproach for predicting sediment transport fraiué
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and small catchments
Morgan, R.P.C. , Quinton, J.N., Smith, R.E., Gov&s Poesen, J.W.A., Auerswald, K., Chisci, G.iril®D.,
and Styczen, M.E. (1998). Earth Surface Process®tandforms, v 23, n 6, pp. 527-544.

Assumptions/Limitations

Versions

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,Contact: J.N. Quinton,

t&ater Management Group,
Cranfield University, Silsoe
Bedford MK45 4DT

U.K.

Tel: (0)1525-863294

Fax: (0)1525-863300

Email: J.Quinton@cranfield.ac.uk

How to obtain model and documentation: download mfr
http://www.es.lancs.ac.uk/people/johnd/EUROSEM%20uoad.html

EUROSEM homepagétttp://www.es.lancs.ac.uk/people/johng/EUROSEM.html

Cost: Free of charge

Veihe, A. and Quinton, J. (2000).

Sensitivity as@yof EUROSEM using Monte Carlo simulation |: Hetihgical, soil and vegetation

parameters Source: Hydrological Processes, v 54pp. 915-926.

Morgan, R.P.C, Quinton, J.N., Smith, R.E., Gov&s,Poesen, J.W.A., Auerswald, K., Chisci, G., Tdr,

Styczen, M.E., and Folly, A.J.V. (19
College, Cranfield University.

Soil Moisture Distribution and Routi

98). The Eurapeoil erosion model (EUROSEM): documentation aset guide. Silsoe

ng Modél
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Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

)SMDR is a fully spatially distributed , physicalbased model
S,

Hydrological Unit: element/cell on which geologicdabpographical and soil hydrodynamic properties
assumed homogeneous/uniform.

Origin (development
maintenance)

an

dDeveloped at the Soil and Water Laboratory, Biadagand Environmental Engineering Dept.,
Cornell University

Platform (PC?), Operating Syste
Open source?, GIS-based (wh
GIS?), Computer Languag
Visualisation facilities

eOpen source: Yes

nmPlatform: SOLARIS, PC
n&perating System: LINUX, Windows

Computer Language:
Gl S-based: yes GRASS GIS
Visualisation facilities: GRASS GIS, GUI in Python (for Windows)

Pathways and processes modelled

Evapotranspiratiooff, lateral runoff, runoff routing, and infiéition.

Inputs (data requirements)

Precipitation
Maximum, minimum and mean temperatures
Observed streamflow data

Outputs

A number of digital maps are created ah ¢iace step: water storages (by cell and by laysaiuration degreeg
(by cell and by layer), and transferred volumedil{ration, interflow, surface runoff, evapotransgtion,
percolation, precipitation).

ASCII files: Evapotranspiration, Comparison betwebserved and simulated Streamflows, Percolatiarfage
runoff, Simulated streamflow, and Water storage.

Calibration Method

Parameters

Water quality constituents

No

Case Studies / Publications

Frankenberger, J. R., Brooks, E. S., Walter, M. Walter, M. F., and Steenhuis, T. S.(1999).A GISduH
variable source area hydrology model. HydrologRmalcesses, v 13, n 6, pp. 805-822.

|
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Narayanan, R., Frankenberger, J. R., and Jenkisah,(2000).Predicting Water Table VariationsiRorested
Hillslope. ASAE Annual International Meeting, Tedtal Papers: Engineering Solutions for a New Centui2,
pp. 1931-1948.

Frankenberger, J. R., and Walter, M. F. (1997).liateon of diversions using a variable source drgdrologic
model American Society of Agricultural Engineers.

Brooks, E. S., Boll, J., and McDaniel, P. (2007).D&tributed and integrated response of a geogecd
information system-based hydrologic model in thetea Palouse region, Idaho. Hydrological Prosess@1l,
n1, pp.110-122.

Assumptions/Limitations

Versions

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,Contacts:

tdodd Walter
Biological and Environmental Engineering
Cornell University
Ithaca, NY 14853-5701
office: (607) 255-2488

lab: (607) 255-2463
Email: mtw5@cornell.edu

Homepage: http://soilandwater.bee.cornell.edu/rebéamdr/index.html
Documentation: http://soilandwater.bee.cornell.ezBgarch/smdr/maindescription.html#download
How to obtain Model: download from http://soilandeabee.cornell.edu/research/smdr/download.html

Cost: Free of charge

Institute of Hydrology Distributed M

odel (IHDM)

| Model Type (lumped or distributed), Physically-bésaistributed model, continuous simulations
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event-based continuou

Hydrological unit

or

S!
Hydrological Unit: Finite Elements

Origin (development an

maintenance)

dDeveloped at the U.K. Institute of Hydrology.

Platform (PC?), Operating Syste
Open source?, GIS-based (wh
GIS?), Computer Languag
Visualisation facilities

nPlatform: IBM-compatible PC
n&perating System: Windows
eOpen sour ce:

Computer Language: FORTRAN
Gl S-based: No
Visualisation facilities: no GUI

Pathways and processes modelleg

Precipitationceggon, snowmelt, infiltration, evapotranspiratieaturated and unsaturated flow.

Inputs (data requirements)

Geometric description of the catchment, rainfaliaggolar radiation, humidity of the air and winahd
material hydraulic properties, observed flow fordabcalibration,

Outputs Estimates of flow, water contents, andqunespotentials at user-specified locations inctitehment.
Calibration Method Manual calibration. See Rogsral. (1985) and Calver (1988)
Parameters Some are physically-based and obtémoed field measurements, some are optimizable. Begers et al

(1985), Calver (1988), and Binley and Beven(1991).

Water quality constituents

none

Case Studies / Publications

Beven, K. and Binley, A. (1992). Future of distribd models: Model calibration and uncertainty pcgdn.
Hydrological Processes, Vol. 6, No. 3, pp. 279-298.

Wood, W.L. and Calver, A. (1992). Initial condit®for hillslope hydrology modelling. Journal of ¢tglogy,
Vol. 130, No. 1-4, pp. 379-397.

Calver, A. and Wood, W.L (1989). On the discreimatand cost-effectiveness of a finite element tsmtufor
hillslope subsurface flow. Journal of Hydrology,|Vb10, No. 1-2, pp. 165-179.

Wood, W. L. (1996). A note on how to avoid spuriassillation in the finite-element solution of thasaturatec

flow equation. Journal of Hydrology, Vol. 176, Nib4, pp. 205-218.
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Binley, A.M. and Beven,K.J. (1991). Changing Resssnin Hydrology: Assessing the Uncertainty in Riafy
Based Model Predictions. Water Resources Resedoth?7, No. 6, pp. 1253-1261.

Assumptions/Limitations

Versions

IHDM4, IHDM3

documentation), Cost

, Easy

use (?) / training available

How to obtain Model (contacts,Contact:

té\. Calver,

Centre for Ecology and Hydrology (CEH) Wallingfok¥allingford, Oxfordshire OX10 8BB

email: anc@ceh.ac.u
Tel: +44 (0)1491 838800 (switchboard)

Fax: +44 (0)1491 692424

Rogers, C.C.M., Beven, K.J., Morris, E.M. and Arster, M.G. (1985). Sensitivity analysis, calibratiand predictive uncertainty of the
institute of hydrology distributed model. JournfHydrology, Vol.81, pp. 179-191.

Calver, A. (1988). Calibration, sensitivity and idaltion of a physically-based rainfall-runoff mod&burnal of Hydrology, Vol. 103, No. 1-2,

pp. 103-115.

|WEM

Integrated Water Flow Model formerly known as IGS{ti#egrated Groundwater and Surface water Modéldganeration).

Hydrological unit

Model Type (lumped or distributed)Physically-based, distributed, continuous simatati
event-based or continuoys,

Hydrological Unit: elements (finite element method)

Origin (development
maintenance)

an

dDeveloped by the State of California DepartmeniMater Resources, formerly known as IGSM2 (Integks
Groundwater and Surface water Model 2nd generation)

ate

GIS?), Computer

Platform (PC?), Operating Syste
Open source?, GIS-based (wh&perating System: Windows

Languag

rPlatform: PC

eOpen source: Yes
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Visualisation facilities

Computer Language: Fortran 77 and Fortran 95.
Gl S-based: no
Visualisation facilities: no GUI, results can be plotted as graphs.

Pathways and processes modelled

The model simgaiaadwater heads in a multi-layer aquifer systameam flows, lakes (open water bodigs),
direct runoff of precipitation, return flow fromrigation water, infiltration, evapotranspiratiorertical moisture
movement in the root zone and the unsatutazone that lies between the root zone and therated
groundwater system. The interaction between thdexgstreams and lakes as well as land subsidéiee,
drainage, subsurface irrigation and the runoff fomall watersheds adjacent to model domain arenatstelled
by IWFM.

Inputs (data requirements)

Main inputs: Precimtatinformation about wells (location, elevatiorfsbottom and top perforations), stream
inflow data, monthly evapotranspiration data, obsdroutflow, initial aquifer head values.

Outputs

Virtual Crop Characteristics, Element Halosv Output File, Boundary Flux Output File, Tiledin Hydrograph
Output, Stream Flow Hydrograph Output File, Grouatbr Level Hydrograph Output, Groundwater Level
Output at Every Node, Layer Vertical Flow OutpueFi

Calibration Method

Model can be used in conjugatwith the automatic calibration programme PESTrgReter ESTimation
program).

Parameters

A full account of model parametersvisrgin Dogrul (2007)

Water quality constituents

no

Case Studies / Publications

Dogrul, E. C., Brush, C. F., and Kadir, T. N. (2DOéntegrated Water Flow Model (IWFM), A Tool For
Numerically Simulating Linked Groundwater, SurfAb@ater And Land-Surface Hydrologic Processes.
American Geophysical Union, Fall Meeting 2006, edodt#H41D-0434

The model was applied in a number of catchmentsasths in California.

Assumptions/Limitations

Versions

V3.0, V3.01

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

sHow to obtain model: Model executables and sourcedec can be downloaded from
tdittp://baydeltaoffice.water.ca.gov/modeling/hydgldWFM/IWFMv3_01/index_v3_01.cfm

Documentation: Theoretical and user manual can belso a downloaded from

Draft --- 124



Pathways Project

Review of Catchment ManagemealsT

http://baydeltaoffice.water.ca.gov/modeling/hyadgpl/IWFM/IWFMv3_01/index_v3 01.cfm

Cost: Free of charge

Dorgul, E. (2007). Integrated Water

Flow Model (IWF/3.0). User’'s Manual. Hydrology Development Unit

Modeling Support Branch, Bay-Delta Office, Depanitnef Water Resources, California, USA.

HEC-HMS

Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

) continuous, distributed parameter, conceptual

S, . . . . . .
Hydrological unit:Hydrologic elements are connected in a dendritic network. Available elements are:

subbasin,
reach, junction, reservoir, diversion, source, and sink.

Origin (development an

maintenance)

dDeveloped at the Hydrologic Engineering CenterS.lArmy Corps of Engineers

Platform (PC?), Operating Syste
Open source?,
GIS?), Computer
Visualisation facilities

Languag

nmRlatform: PC
GIS-based (wh&perating System: Sun Solaris 2.5, Windows95/98/NT/XP/Vista, Linux
eOpen source: No

Computer Language: Java, but some modules still written in FORTRAN
Gl S-based: yes theHEC-GeoHMS version
Visualisation facilities. own GUI

Pathways and processes modelled

Snowmelt , pratgpit Infiltration, runoff, evapotranspirationtémception, Detention Storage, overland flg
groundwater flow, and channel Flow.

Inputs (data requirements)

The minimum required input is precipitation data grarameters required by the selected computatethods.
Optionally, observed flow data and stage-flow carmeay be included.

Outputs

Surface runoff

Calibration Method

The program includes a versatile optimization facthat may be employed when observed flow dagta ar
available. Goodness-of-fit is estimated by eitencent error in peak flow, sum of absolute redgjisam of

squared residuals, or peak-weighted root mean seuresr. The search algorithm is either a uniargror
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downhill simplex method.
See Cunderlik and Simonovic (2004).

Parameters

Sensitive parameters: imperviousnas& aumber and base flow recession factor (Al-Aekedl., 2005). Kenb
et al. (2005) and McColl and Aggett (2007) found tturve number (CN) and initial abstraction (lap®the
most sensitive parameters. Also see Cunderlik amai®vic (2004).

Water quality constituents

No

Case Studies / Publications

Cydzik, K., and Hogue, T. S. (2009). Modeling pwstfesponse and recovery using the hydrologicrergging
center hydrologic modeling system (HEC-HMS). Jouoiaghe American Water Resources Association, vri
3, pp. 702-714.

Chu, X., and Steinman, A. (2009). Event and comtirsu hydrologic modeling with HEC-HMS. Journal
Irrigation and Drainage Engineering, v 135, n 1, 1®©-124.

Anderson, M.L., Chen, Z.-Q., Kavvas, M.L., and Fetth, A. (2002). Coupling HEC-HMS with atmosphe
models for prediction of watershed runoff. JoumfaHydrologic Engineering, v 7, n 4, pp. 312-318.

Yusop, Z., Chan, C.H., and Katimon, A. (2007). Rifircharacteristics and application of HEC-HMS
modelling stormflow hydrograph in an oil palm catent. Water Science and Technology, v 56, n 84pgl8.

Gaytan, R., De Anda, J., Nelson, J. (2008). Contjsutaf changes in the run-off regimen of the L&ata Ang
watershed (Zacatecas, Mexico). Lakes and Reserrmsearch and Management, v 13, n 2, pp. 155-167.

Assumptions/Limitations

Versions

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,Contacts: William Scharffenberg, Research Division,
télydrologic Engineering Center,

U.S. Army Corps of Engineers

609 Second Street, Davis, CA 95616

Tel: (530) 756-1104
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Fax: (530) 756-8250

Model Website: http://www.hec.usace.army.mil

Documentation and model: downloadable from the HHE\TS website

Al-Abed, N., Abdulla, F. and Abu Khyarah, A. (2008}1S-hydrological models for managing water researin the Zarqa River basin.

Environmental Geology. Vol. 47, NO. 3, pp.405-411.

McColl, C. and Aggett, G. (2007). Land-use foreiwmstand hydrologic model integration for improvethd-use decision support, Journal of
Environmental Management, Vol. 84, No. 4, pp. 492-5

Cunderlik, J.M. and Simonovic, S.P. (2004). Caliora validation, and sensitivity analysis of th&EHMS hydrological model. CFCAS

project: Assessment of Water

Resources Risk and nevability to changing climate conditions. ProjedReport [V.

http://www.eng.uwo.ca/research/iclr/fids/publicaisécfcas-climate/reports/Report%20I1V.pdf

HMS

Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

)a physically-based, continuous-simulation, distelddparameter model system developed to simulagg
dhydrologic response of large river basins. It casgw pre-processcing, post-preocesscing, and fawdul®es,
which are Soil Hydrologic Model (SHM), Terrestriblydrologic Model (THM), Ground-water Hydrolog
Model (GHM), and Channel Ground-water InteractiGii().

Hydrological unit: finite difference grid

Origin (development an

maintenance)

dDeveloped by Dr. Zhongbo Yu, Earth System Scieneat€?, The Pennsylvania State University

Platform (PC?), Operating Syste
Open source?, GIS-based (wh
GIS?), Computer
Visualisation facilities

LanguageQpen sour ce:

rPlatform: Sun workstation, PC
n&perating System: Windows, Unix

Computer Language: C and FORTRAN

Gl S-based: no but can be linked to GIS (see Yu et al., 2001)
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Visualisation facilities; no GUI

Pathways and processes modelled

vertical soil oreidtow, evapotranspiration (ET), infiltration, @dand flow, channel flow, and ground-wa
flow.

Inputs (data requirements)

Precipitation, tempeeafmnax. and min), wind speed, solar radiation.

Outputs

streamflow, surface runoff, ground-watesdflaw, and water levels in wells.

Calibration Method

Based on the indirect apprdaghising a process like Latin Hypercube samplingawer the range of adjustal
variables systematically. Calibration targets can &treamflow, surface runoff, ground-water basefland
water levels in wells. See Yu. and Schwartz (1999).

Parameters

Numerous. Physical parameters cantéiaedh from measurements/records, some requirgraabn.

Water quality constituents

No

Case Studies / Publications

Yu, Z., Barron, E.J., Yarnal, B., Lakhtakia, M.Mvhite, R.A., Pollard, D., and Miller, D.A. (2002} &uation of
basin-scale hydrologic response to a multi-stomugation. Journal of Hydrology, v 257, n 1-4, pf22225.

Olivera, F. (2001).Extracting hydrologic informatiofrom spatial data for HMS modelling. Journal
Hydrologic Engineering, v 6, n 6, pp. 524-531.

Yu, Z. (2000). Assessing the response of subgraidiggic processes to atmospheric forcing with drbolpgic
model system. Global and Planetary Change, v 252 nhpp. 1-17.

Yu, Z., Lakhtakia, M.N., Yarnal, B., White, R.A.,iNér, D.A., Frakes, B., Barron, E.J., Duffy, CndaSchwartz
F.W. (1999).Simulating the river-basin responsattmospheric forcing by linking a mesoscale metegichl
model and hydrologic model system. Journal of Hialyg, v 218, n 1-2, pp. 72-91.

Frakes, B. and Yu, Z. (1999). An evaluation of tmarologic models for climate change scenariosrridwof
the American Water Resources Association, v 35,pp61351-1363.

Yu, Z., Carlson, T.N., Barron, E.J., and SchwakRXYV. (2001). On evaluating the spatial-temporaiataim of
soil moisture in the Susquehanna River Basin. WRé&sources Research, v 37, n 5, pp. 1313-1326.

Assumptions/Limitations
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Versions

How to obtain Model (contacts,Contact: Dr. Zhongbo Y

documentation), Cost, Easy tdarth System Science Cen

use (?) / training available The Pennsylvania State Univers
University Park, PA 1680

phone: (814) 865-1781; fax: (814) 865-3191; email@essc.psu.edu

Homepagehttp://hydro.nevada.edu/hms/hms.html

(er

NJ

Cost:

Yu, Z. and Schwartz F. W. (1999).

Vol. 13, No.2, pp. 191-209.

Automated calilen applied to watershed-scale flow simulatiom$ydrological processes,

Yu, Z., Guo, Y., Voortman, J. , White, R., and Mill D. A. (2001). Journal of American Water Researdssociation, vol. 37, 957-971.

SCS-CN Based Model

Model Type (lumped or distributed
event-based or continuou
Hydrological unit

)Deterministic Model, event-based, lumped
S1

Origin (development an

maintenance)

Institute of Technology, India.

dDeveloped by Dr. Vijay P. Singh at Texas A & M Uarsity, U.S.A. and Dr. Surendra Kumar Mishra, Imdia

Platform (PC?), Operating Syste
Open source?, GIS-based (wl
GIS?), Computer Languag
Visualisation facilities

nmRlatform: PC
n&perating System: Windows

e0Open Sour ce:

GIS-Based: No
Computer Language:
Visualisation Facilities: no graphical interface, results can be plottedraplts

Pathways and processes modelled

Infiltration an@sa runoff

Inputs (data requirements)

Rainfall hyetographeeedent precipitation amount, infiltration datapmerphological characteristics of t

watershed, soil-vegetation-land use complex.

Draft --- 129



Pathways Project

Review of Catchment ManagemealsT

Outputs

Infiltration and runoff volumes, Infiltrat rates and runoff hydrographs

Calibration Method

Optimization by Marquardt least square approach

Parameters

Potential maximum retention, initial abstractioreffiwient, infiltration rate, and storage routingefficient

Model sensitivity: Model is sensitive to variatiai parameters values on small agricultural watetshet

insensitive to urban watersheds.

Water quality constituents

None

Case Studies / Publications

Reshmidevi, T.V. , Jana, R., and Eldho, T.I. (90@Beospatial estimation of soil moisture in ra@a-fpaddy
fields using SCS-CN-based model. Agricultural Watanagement, v 95, n 4, pp. 447-457.

Mishra, S.K. , Jain, M.K., and Singh, V.P. (200&Naluation of the SCS-CN-based model incorporati
antecedent moisture. Water Resources Managem#8t,nv6, pp. 567-589.

Tyagi, J.V., Mishra, S.K., Singh, R., and SinghPV(2008). SCS-CN based time-distributed sedimezitl y
model. Journal of Hydrology, v 352, n 3-4, pp. 388.

ng

Jain, M.K., Mishra, S.K., and Singh, V.P. (2006yakiation of AMC-dependent SCS-CN-based modelsgusin

watershed characteristics; Source: Water ResoiMaeagement, v 20, n 4, pp. 531-552.

Singh, P.K., Bhunya, P.K., Mishra, S.K.,and Chaub«;.(2008). A sediment graph model based on SCS
method. Journal of Hydrology, v 349, n 1-2, pp. -2%5.

Mishra, S. K., Kumar, S. R., and Singh, V. P. (10@alibration and validation of a general infittcam model.
Hydrological Processes, v 13, n 11, pp. 1691-1718.

Versions
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How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

~

P

—F

Contacts:
1. Dr. Vijay P. Singh, Professor of Biological and Agitural Engineering, Department of Biological and

Agricultural Engineering, Texas A and M Universi§goates Hall, 2117 TAMU, College Station, Te
77843-2117, U.S.A. Emailsingh@tamu.edu

o

2. Dr. Surendra Kumar Mishra, Department of Water Resgs Development and Management, Ing
Institute of Technology, Roorkee-247 667, Uttaraidhdndia. E-mail: skm61fwt@iitr.ernet.in
Documentation: No manual for the model. Theoretaetlails and applications of the model can be foun

Mishra and Singh (2002).

Mishra, S.K. and Singh,V.p. (2002).

SCS-CN-Baseddipgic Simulation Package. Chapter 13 in Math@ahModels of Small Watershed

Hydrology and Applications. Singh,V.P. nad Fre\2i. eds., Water Resources Publications, Colorbds,, pp. 391-464.

CEQUEAU Model

Model Type (lumped or distributed
event-based or continuou
Hydrological unit

)Water-balance type conceptual model with distributed parameters, continuous-simulation.
S,
Hydrological Unit: ‘partial squares’

Origin (development an

maintenance)

dDeveloped at the INRS-ETE (Institut National de la Recherche Scientifique, Eau, Terre et
Environnement), Canada.

Platform (PC?), Operating Syste
Open source?, GIS-based (wi
GIS?), Computer Languag
Visualisation facilities

nRlatform: PC

n&perating System: Windows

eOpen source: No

Computer Language:

Gl S-based: No

Visualisation facilities: CEQUEAU interface

Pathways and processes modelled

Rainfall, snow mwapo-transpiration, infiltration, Runoff, intenv, baseflow, and channel routing
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Inputs (data requirements)

maximum air temperature (-C)

minimum air temperature (-C)

precipitation (mm)

observed streamflow for the calibration period

Outputs

Steam flows at any points of the watersaed estimated data on the watershddily rain, mean daily
temperature, snow accumulation on the soil, medy daowmelt, daily evaporation, water level in t8©IL
reservoir, water level in the WATER TABLE resenjoir

Calibration Method

adjustment of the parameters of the model is dgrtedds and errors or by optimization usiB@TM technique
based on M.J.D. Powell's method (1964).

Parameters

Table 13.3, page 557 in Morin (200@jiymzes a list of 28 parameters that can be opt@niZéne optimization
algorithm BOTM allows the simultaneous optimizatmi?1 parameters.

Water quality constituents

Yes (The model contaimsodule that allows simulation of the water qyadit a river).

Case Studies / Publications

Ayadi, M. and Bargaoui, Z .(1998). Modelling of Woof the Miliane River using the CEQUEAU mod
Hydrological Sciences Journal/Journal des ScieHgesologiques ,vol. 43, no. 5, pp. 741-758.

Fortin, J.P. , Proulx, H. , and Bellon, A. (198Utilisation des donnees d'un radar meteorologicoer pa
simulation des ecoulements en riviere a I'aide diodele hydrologique matriciel, Journal of Hydralp§olume
90, Issues 3-4, pp. 327-350.

Pinheiro, A. and Caussade, B. (1994) Model torilesthe fate of agricultural pollutants
Proceedings - National Conference on Hydraulic B®gjing, n pt 1, pp. 170-174.

Boukchina, R., Lagace, R., and Morin, G.(1995). delong nitrate output from agricultural watershedsng a
hydrological model. Water Quality Research Jouafi&@anada, v 30, n 2, pp. 247-263.

D

Versions

V2.0, V4.0

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,Technical Contact:
t&uy Morin
Institut National de la Recherche Scientifique

Eau, Terre et Environnement
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2800, rue Einstein, C.P. 75
Sainte-Foy (Québec)
Canada G1V 4C7

Guy_Morin@inrs-ete.uquebec.ca

Tél : (418) 654-254]

Télécopie : (418) 654-2600

Model Homepagehttp://www.ete.inrs.ca/activites/modeles/cequeadex.html
A demo version of CEQUEAU V4.0 is available fomddoad.

4

Powell, M.J.D. (1964). An efficient method for finding the minimum of a function of several

variables without calculating derivati

ves. Computer J. 7, 155-162.

Morin, G. (2002). CEQUEAU Hydrological Model, Chap 13 in ‘Mathematical Models of Large Watershegdiblogy'. Singh,V.P. and

Frevert,D.K. eds., Water Resources

ARC/EGMO

Publicationgyr@do, USA, pp. 507-576.

event-based or continuou

Hydrological unit

Model Type (lumped or distributed) Conceptual, semi-distributed, 3D-catchment modelfirayer

S,

Hydrological unit: hydrotope (a unit which behavsslrologically uniform and unique)

Origin
maintenance)

(development andDeveloped at the Bureau of Applied Hydrology, Gemngna

Platform (PC?), Operating Syste
Open source?, GIS-based (wh
GIS?), Computer
Visualisation facilities

nPlatform: PC
n&perating System: Windows, Unix

LanguageOpen source: No

Computer Language: C language
Gl S-based: yes ARCInfo or ARCView
Visualisation facilities: ARCInfo or ARCView

Pathways and processes modelled

Evapotranspiratfdtration, snow melt, begetation model, surfarel subsurface flow routing, and baseflo

W.
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Inputs (data requirements)

time series of predipmaair temperature, air humidity, global radvatior sun duration, wind velocity

Outputs

Time series (stream flow (discharge), wédtedget components, carbon and nitrogen budget coems,
vegetation variables, results of the climate regii@ation, etc.); imported easily into GIS (e.g.cXrew,

ArcGIS) or into table calculation programs (EXCRICCESS etc.)

Calibration Method

Calibration only necessary $ome parameters of the lateral flows domain (sdi@serstorage and flow etc)).
Many parameters are physically-based and henceunaddes or obtained from maps/records.

Parameters

very sensitive against precipitation, global radiatand air temperature but also against the siggacteristics
(e.g. vegetation parameter)

Water quality constituents

nutrients

Case Studies / Publications

Muller-Wohlfeil, D.-I. , Burger, G. and Lahmer, W2000). Response of a River Catchment to Climatiar@e:
Application of Expanded Downscaling to Northern @any. Climatic Change Vo0.47, No. 1-2, pp. 61-89.

Klocking, B., Haberlandt, U. (2002). Impact of lande changes on water dynamics--a case study ipetate
meso and macroscale river basins, Physics and Gtrgrof the Earth, Parts A/B/C, Vol. 27, No. 9-pp, 619-
629.

Becker, A. and Braun, P. (1999). Disaggregatiomgregation and spatial scaling in hydrological mbdg)
Journal of Hydrology, Vol. 217, No. 3-4, pp. 239225

Haberlandt, U., Klocking, B., Krysanova, V., andcBer, A. (2001). Regionalisation of the base flomtex from
dynamically simulated flow components - A case gtudthe Elbe River Basin. Journal of Hydrology248, n
1-4, pp. 35-53.
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Haberlandt, U. , Krysanova, V., Klocking, B., Bec, A., and Béardossy, A. (2001). Development gf a
metamodel for large-scale assessment of water ainiemt fluxes - First components and initial tefststhe Elbe
River basin. IAHS-AISH Publication, n 268, pp. 2839, Regional Management of Water Resources.

Assumptions/Limitations

Versions
How to obtain Model (contactsContact: Buro fur Angewandte Hydrologie (BAH)

documentation), Cost, Easy ftdOberlesteig 6

use (?) / training available 13156 Berlin
webmaster@bah-berlin.de
www.bah-berlin.de

Documentation: www.arcegmo.de (in German)

Cost: commercial licence fees applies, free foversities and research institutions.
Training available

Soil and Water I ntegrated Modd (SWIM)

Model Type (lumped or distributed)continuous-time spatially distributed river basiondal, simulating hydrology, vegetation, erosion aattients.
event-based or continuoys,
Hydrological unit Hydrological unit: Hydrological Response Unit (HRWy hydrotope. A hydrotope is a set of disconrecteits
in the sub-basin, which have a unique land usesaildype and can be assumed to behave in a hyicaldy
uniform way within the sub-basin.

Origin (development andSWIM was developed in the Potsdam Institute fom@le Impact Research, Germany on the basis of ther p
maintenance) models:

SWAT (Arnold et al.,, 1993 & 1994) and MATSALU (Krgeova et al., 1989). The SWAT model was
developed in the Blackland Research Center (USDA ARemple, Texas) while the The MATSALU model
developed in Estonia on the basis of CREAMS hasithéar structure as SWAT.
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Platform (PC?), Operating Syste
Open source?, GIS-based (wk
GIS?), Computer Languag
Visualisation facilities

nRlatform: PC
n&per ating System: UNIX uses the Geo Information System GRASS , LIN@Kd Windows
eOpen Source: yes

Gl S-Based: GRASS
Computer Language: C (SWIM/GRASS interface) , FORTRAN (SWIM code)
Visualisation Facilities: GRASS GIS interface

Pathways and processes modelleg

Hydrological processes: precipitation, surface fijnenow melt, evapotranspiration, infiltration, subsurface

runoff, and streamflow routing. The water balanoe the shallow aquifer includes groundwater recba
capillary rise to the solil profile, lateral flowna@ percolation to the deep aquifer.

rg

Inputs (data requirements)

daily precipitation,rage, minimum and maximum air temperature, soldiaten, rainfall intensity paramete

river runoff in the basin outlet, river cross-seans or mean river width and depth in subbasin tsjtheydraulic
structure (for regulated rivers)

amount of N and P applied per hectare

Is

Outputs

Vertical and lateral water flows, plant biomass and crop yields, nitrogen- and phosphorus
concentrations, sediment transport at daily, monthly or annual time steps and as GIS layers.

Calibration Method

manual

Parameters

Many parameters. Sensitive parameterested and shown in Chapter 4 of SWIM Manualy¢nova etal,

2000).

Water quality constituents

Nutrients (N and P) saediments.

Case Studies / Publications

Hattermann, F. F. , Wattenbach, M, Krysanova, ahgd Wechsung, F. (2005). Runoff simulations on
macroscale with the ecohydrological model SWIMhe Elbe catchment - Validation and uncertainty ysisl
Hydrological Processes, v 19, n 3, special IssU¢AS 2000 Development and Applications, pp. 693-714.

Krysanova V., Meiner, A., Roosaare, J., Vasilyev,1889. Simulation modelling of the coastal watsution

the

from agricultural watersheécoogical. Modellingd9, 7-29.
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Krysanova, V., Hattermann, F., and Wechsung, F0Og2Development of the ecohydrological model SWivl
regional impact studies and vulnerability assessmdydrological Processes, v 19, n 3, special ISSWAT
2000 Development and Applications, pp.763-783.

Gaze, S. R., Simmonds, L. P. , Brouwer, J. , aodnf&, J. (1997). Measurement of surface redistabudf
rainfall and modelling its effect on water balamadculations for a millet field on sandy soil indér, Journal of
Hydrology, Vol. 188-189, pp. 267-284.

Wattenbach, M., Hattermann, F., Weng, R., Wechskn Krysanova, V., and Badeck, F. (2005). Agified
approach to implement forest eco-hydrological proge in regional hydrological modelling. Ecolodica
Modelling, v 187, n 1 SPEC. ISS., pp. 40-59.

Versions

SWIM-CN (carbon cycle included).

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,Contact: Valentina Krysanoval

t&otsdam Institute for Climate Impact Reseadrch
P.0.Box 601203, Telegrafenberg
14412 Potsdam, Germany,
phone: +49-(0)331-288-251%
fax: +49-(0)331-288-2600

e-mail: valen@pik-potsdam.de

How to obtain Model:
For code and documentation please contact Fred Hattermann at hattermann@pik-potsdam.de.

Krysanova V., Wechsung, F., Arnold, J., Srinivasan, R., andigls, J. (2000). SWIM (Soil and Water Integratedddl) User Manual, V
SWIM- 8 . Potsdam Institute for Climate Impact Research, Potsdam, Germany.

INCA
Integrated Catchment Model
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Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

).,The INCA model is a semi-distributed, deterministignamic nitrogen model which simulates and ptsdic
snitrogen transport and processes within catchments.

Origin (development an

maintenance)

dThe INCA model was developed at the Aquatic Envinents Research Centre (AERC) of the University
Reading, U.K.

Platform (PC?), Operating Syste
Open source?, GIS-based (wh
GIS?), Computer Languag
Visualisation facilities

eOpen source: No

nmPlatform: IBM Compatible PC with MSDOS
n&perating System: Windows

Computer Language: C++
Gl S-based: yes,GIS-INCA interface
Visualisation facilities: output graphics and statistics package

Pathways and processes modelled

Surface runofffratibn, evapotranspiration, soil moisture acding, groundwater flow, nitrogen ar
phosphorous processes.

Inputs (data requirements)

Daily rainfall, soil stare deficit, temperature and solar radiationeoked
instream data at whatever frequency is availablgiser inputs (either annual averages or daihetseries).

Outputs

Daily time series of flows, and water quality ouleg. nitrate-nitrogen and ammonium-nitrogen
concentrations, at selected sites along the river;

profiles of flow or water quality along the river selected times;

cumulative frequency distributions of flow and wageality at selected sites;

table of statistics for all sites;

Daily and annual water quality loads for all largks and all processes.

3D pictorial representations of flow and water dyal

Calibration Method

Manual (calibration proceduecammended by the authors is describedchiapter 7 of the user guic
(Butterfield, et al.).

Parameters

A detailed account of the parametelld@A as well as a table showing the range of \@alokparameters af
given in Chapters 5 and 8 of the INCA-N user gyi8letterfield, et al.). Granlund et al (2004) prossdvalues o
calibrated parameters of the INCA model.

Water quality constituents

N, P Sediments , Macytgs) epiphytes and phytoplankton
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Case Studies / Publications

Ranzinia, M., FortiM.Whitehead, P. G., Arcovaa, F. C. S., de Cicvoand Wade, A. J. (2007) Integrat
Nitrogen CAtchment model (INCA) applied to a tragdicatchment on the Atlantic Forest, Sdo PauloziB
Hydrology and Earth Systems Science Journal, 14-62P.

Wade, A. J., Butterfield, D., Griffiths, T. and Wihead, P. G. (2007) Eutrophication control inrisygstems: ar
application of INCA-P to the River Lugg HydrologgaEarth Systems Sciences, 11, 584-600.

Wade, A. J., Butterfield, D. and Whitehead, P. 8006) Towards an improved understanding of theatat
dynamics in lowland, permeable river-systems: @agibbns of INCA-N Journal of Hydrology, 330, 185320

Wade, A. J., Neal, C. N., Whitehead, P. G. and ii5lysh (2005) Modelling nitrogen fluxes from the ¢hsurface
to the coastal zone in European systems: a peigp@ttthe INCA project Journal of Hydrology, 30#1,3-429.

Whitehead, P. G., Hill, T. J. and Neal, C. N. (200#pacts of forestry on nitrogen in upland and levd
catchments: a comparison of the River Severn atliflpn in Mid Wales and the Bedford Ouse in soudbts
England using the INCA model Hydrology and Eartlst8gns Science, 8, 533-544.

[a

=

D

Assumptions and Limitations

Knowledge of initiallsmnditions, cannot differentiate between algeces

Versions

INCA-N, INCA-P, INCA-Chalk, INCA-C, and IBA-Sed

How to obtain Model (contacts
documentation), Cost, Easy to U
(?) / training available

5,Cost: Free of charge for evaluation purposes.
SEo obtain Model contact:

Prof. Paul Whitehead

Aquatic Environments Research Centre,
Department of Geography,

University of Reading,

Reading,

RG6 6AB,

UK.

Tel: +44 (0)118 931 8740
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Fax: +44 (0)118 975 5865
E-mail: aerc@reading.ac.uk

Butterfield, D., Wade, A.J. and Whitehead, P.GQLCA-N v1.7 User Guide
Granlund, K., Rankinen, K. and Lepistd, a. (2008sting the INCA model in a small agricultural ¢datent in southern Finland. Hydrology

and Earth System Sciences, 8(4), 717-728.

The Xinanjiang M odél

Model Type (lumped or distributed
event-based or continuou
Hydrological unit

)Conceptual, continuous simulation, quasi-distributed

S1
Hydrological unit: sub-basins

Origin (development an

maintenance)

dDeveloped in 1973, published in 1980 (Zhao et 280)

Platform (PC?), Operating Syste
Open source?, GIS-based (wh
GIS?), Computer Languag
Visualisation facilities

nmPlatform: PC
n&perating System: Windows
eOpen source: Yes

Computer Language: FORTRAN
Gl S-based: No
Visualisation facilities; None

Pathways and processes modelled

Runoff, intertt@seflow, evapotranspiration, and runoff routing

Inputs (data requirements)

Rainfall and measuredepaporation.

Outputs Discharge and actual evapotranspiration
Calibration Method Manual, automatic calibrati@lLOBE package). See Yunian (2000)
Parameters There are 17 parameters in total (Mwhath pertain to the sub-basin). The output is ensensitive to 7

parameters (Zhao nad Liu, 1995).

Water quality constituents

No

Case Studies / Publications

Li, H., Zhang, Y., Chiew, F., Xu, S. (2009). Prdig runoff in ungauged catchments by using Xirzang

model with MODIS leaf area index, Journal of Hyadg}, Volume 370, Issues 1-4, Pages 155-162
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Cheng, C.-T., Zhao, M.-Y., Chau, KW. , Wu, X.-§2006). Using genetic algorithm and TOPSIS

Xinanjiang model calibration with a single proceglutournal of Hydrology, Volume 316, Issues 1-4d2al129-
140

Liu,J., Chen, X., Zhang, J., Flury, M. (2009). @bag the Xinanjiang model to a kinematic flow motased
on digital drainage networks for flood forecastiklydrological Processes, Vol.23, No. 9, pp. 1334813

Assumptions and Limitations

Versions

documentation), Cost, Easy
use (?) / training available

How to obtain Model (contacts,Contact: Prof. Guo Shenglia

t®uhan University
China
Email: slguo@whu..edu.cn

Cost: Free of charge

Zhao,R.J., Zhuang,Y.-L., Fang,L.-R., Liu,X.-R., afldlang,Q.-S.(1980). The Xinanjiang Model, HydrotmdiForecasting Proceedings Oxford

Symposium, IAHS 129,pp. 351-356

Yunian, L. (2000). Automatic Calibration of the Xamjiang Model for the Upper Reach of the HuaiheeRiWaster of Science Thesis, IHE

Delft.

Zhao,R.J., and Liu, X.R. (1995) The Xinanjiang Modehapter 7 in Computer Models of Watershed Hyalyg] Singh,V.P. editor, Water
Resources Publications, Colorado, USA.

ARNO /NUARNO

Model Type (lumped or distributed
event-based or continuou

) Semi-distributed conceptual model
S

Hydrological unit

Hydrological unit: sub-units over which the proasare lumped
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Origin (development an
maintenance)

dDeveloped by E. Todini and L. Ciarapica, DeparttridrEarth and Geo-Environmental Sciences, Uniteis
Bologna, Bologna, Italy

Platform (PC?), Operating Syste

GIS?), Computer Languag
Visualisation facilities

Open source?, GIS-based (wh&perating System: Windows

rPlatform: PC

eOpen source: No

Computer Language: FORTRAN

Gl S-based: No

Visualisation facilities. no graphical user interface, graphs only

evapotranspiration, overland runoff routing, arréamn routing.

Inputs (data requirements)

Continuous record afipi@tion and temperature, average temperature

Outputs Runoff and baseflow
Calibration Method Manual
Parameters Only soil component parameters (6 peas) require accurate calibration using historidata. Other

parameters do not require calibration and can texilly evaluated on the basis of geo-morphologisail, and
land use maps

Water quality constituents

None

Case Studies / Publications

Abdulla, F. A., Lettenmaier, D. P. and Liang, X1999). "Estimation of the ARNO model baseflow partere
using daily streamflow data.” Journal of Hydrold32(1-4): 37-54.

Mellor, D., Sheffield, J. ,O'Connell, P.E. and khdfe, A.V. (2000). "A stochastic space-time raihflarecasting
system for real time flow forecasting Il: Applicati of SHETRAN and ARNO rainfall runoff models teetBrue
catchment " Hydrology and Earth System Sciencef 8(4-626.

Todini, E. (1996). The ARNO rainfall--runoff moddipurnal of Hydrology, Volume 175, Issues 1-4,330-382

Assumptions/Limitations

Limitations: Not all the AR® model parameters can be directly estimated ovetefrom maps, which is th
major model limitation when wishing to use the magleungauged catchments.

Pathways and processes modelled The processessaet@@ in the model are: soil moisture balancejnage, percolation, groundwater,

e

Versions
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57

How to obtain Model (contacts,Contacts: E. Todini, Department of Earth and GewHtnmental Sciences, University of Bologna, Piadz:
documentation), Cost, Easy {té#orta S. Donato, 1 Bologna

use (?) / training available Tel: +39 051 20 9 4537

Email: todini@geomin.unibo.it

Cost: free of charge for academic use

TOPKAPI
TOPographic Kinematic Approximation and Integratinadel.

Model Type (lumped or distributed) Physically-based distributed hydrological catchnmantlel, also has a lumped model version.
event-based or continuoys,

Hydrological unit Modelling unit: square cells over which the modgliations are integrated.
Origin (development andDeveloped by E. Todini and L. Ciarapica. Departma&nEarth and Geo-Environmental Sciences, Univwesit
maintenance) Bologna, Bologna, Italy

Platform (PC?), Operating Systep®Rlatform: PC
Open source?, GIS-based (wh&perating System: Windows
GIS?), Computer LanguageOpen Source: No

Visualisation facilities Computer Language: FORTRAN
GlSbased?: Yes
Visualisation facilities: own Visual interface, GIS
Pathways and processes modelled It relates the ammenps of flow to soil moisture within the catchrhelh considers surface runoff as being

generated by (1) saturation from above (Hortoni¢?))saturation from below (Dunne) or (3) return
flow, in which subsurface flow is forced to the fawe by topographic influences., e.g. in areasubksrface
flow convergence or concave slope profiles.

Inputs (data requirements) Precipitation, soil terafure, potential evapotranspiration

Outputs Discharge, Water level, spatially distrdsbiinformation

Calibration Method Parameter by optimization metho

Parameters Its parameters are physically baseghatameter set is large enough to represent aytizee phenomena but
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not too large to become overparametrized and diffio calibrate.

Water quality constituents

None

Case Studies / Publications

Liu, Z., M.V.L. Martina and E. Todini, Flood foresting using a fully distributed model: applicatioh the
TOPKAPI model to the Upper Xixian Catchment, Hydg} and Earth Systems Scien@}) (2005), pp. 347-
364

Ciarapica, L. and Todini, E. (2002). Hydrologicab&esses, v 16, n 2, pp. 207-229.TOPKAPI: A modetlie
representation of the rainfall-runoff process at ffedent scales

Liu, Z.-Y., Tan, B.-Q., Tao, X., Xie, Z.-H. (2008RApplication of a distributed hydrologic model ttodd
forecasting in catchments of different conditiahsurnal of Hydrologic Engineering, v 13, n 5, Matbtogies in
Hydrologic Modeling, pp. 378-384.

Implementation of the TOPKAPI model in South Afridaitial results from the Liebenbergsvlei catchim
Vischel, T., Pegram, G., Sinclair, S., Parak, 28008). Water SA, v 34, n 3, pp. 331-342.

D

1)
>

Assumptions and Limitations

TOPKAPI is based on fibllowing assumptions: (1) At spatial scales largegan one hundred meters, it
convenient to assume that the total amount of pitation reaching the catchment infiltrate into g, untill
the soil becomes saturated. (2) Subsurface floanigssential component of a flood wave. It is $icgt in
terms of volume of water and also because it téadsturate downstream areas close to the char{8glShe
dynamics of horizontal flow, both surface and sufage, depend "statistically” on the distributidntloe slopes
and not much on their actual position within thecbeent. (4) At the catchment scale, all the megmponents

soil.

of the flow (drainage, evapotranspiration, infilioa etc.) can be related to the total soil moistcontent of the

S

Versions

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5How to obtain Mode: contact Prof. E. Todini, Department of Earth ando®&avironmental Science
t&Jniversity of Bologna, Via Zamboni, 6
40127 Bologna
Italy

Phone: +39-051-2094537

Draft --- 144



Pathways Project

Review of Catchment ManagemealsT

ezio.todini@unibo.it

Documentation: Not available in the public domain but it can bé¢aifred from Professor Todini.
Cost: free of charge for academic use

GBHM

Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

)Physically-based distributed, continuous-simulatigdrological model.
S,

Hydrological unit: hillslope element.

Origin (development an

maintenance)

dDeveloped at the Institute of Industrial ScienceiMarsity of Tokyo.

Platform (PC?), Operating Syste
Open source?,
GIS?), Computer
Visualisation facilities

Languag

mRlatform: PC
GIS-based (wh&perating System: Windows
eOpen sour ce:

Computer Language:
Gl S-based: yes ARC/INFO
Visualisation facilities: GIS ARC/INFO

estimated from field.

The anisotropy ratio of soil hydraulic conductivity, is not measurable, which needs to be calibraéadther
parameters are physically-based and therefore @li@ubbtained from measurements.

Pathways and processes modelled Interceptiontratfdn, evapotranspiration, surface runoff, saedand unsaturated flow, and channel routing.
Inputs (data requirements) Daily potential evaporathourly precipitation and air temperature

Outputs River discharge at selected points, soistae, and actual evaporation

Calibration Method

Parameters Topographical parameters (hillslopgtlerangle, and elevation) estimated from DEM; saker parameters
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Hourly (or higher temporal resolution) hydrologic@sponses are sensitive to the DEM resolution theg
threshold area that used to extract the river nétwiche DEM resolution is suggested to be finentthekm; the
threshold area is suggested to be less than®1-km

Water quality constituents

None.

Case Studies / Publications

Jijun Xu, Dawen Yang, Yonghong Yi, Zhidong Lei, &den, Wenjun Yang, Spatial and temporal variatib
runoff in the Yangtze River basin during the pastdars, Quaternary International, Volume 186,dsku_arger
Asian rivers and their interactions with estuaged coasts, 1 August 2008, Pages 32-42.

Wang, L., T. Koike, K. Yang, T. J. Jackson, R. Bistdl and D. Yang (2009), Development of a distiduoll
biosphere hydrological model and its evaluationhwithe Southern Great Plains Experiments (SGP97
SGP99),J. Geophys. Resl14, D08107, doi:10.1029/2008JD010800.

Application to the Seki River Basin in Japan andparison with MIKE SHE and TOPMODEL (Yang et
2002).

Application to a large tropical catchment in ThadgYang et al. 2002).

Assumptions/Limitations

Versions

How to obtain Model (contact$,Contacts: Dr. Dawen Yang

documentation), Cost, Easy
use (?) / training available

tonstitute of Industrial Science, University of Taky
4-6-1, Komaba, Meguro-ku,

Tokyo, 153-8505, JAPAN

Tel: +81-3-5452-6381

Fax: +81-3-5452-6383

E-mail: yang@rainbow.iis.u-tokyo.ac.jp

Documentation: Not available.

-

anc

How to obtain Model: contact Dr. Dawen Yang
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Yang,D., Oki,T, Herath, S., Musiake, K. (2002). &d&norphogy-Based Hydrological Model and its appiloces. Chapter 9 in Mathematical
Models of Small Watershed Hydrology and Applicasio8ingh,V.P. and Frevert,D.K. eds, pp. 259-300.

WISTOO Modé
Model Type (lumped or distributed)Distributed, continuous-simulation, physically-based.
event-based or continuoys,
Hydrological unit Hydrological unit: raster square elements/cells.
Origin (development angdModel was developed at Cracow University of Tecbggl in cooperation with Warsaw University (of
maintenance) Technology, Poland.

Platform (PC?), Operating Systep®Rlatform: PC

Open source?, GIS-based (wh&perating System: Windows

GIS?), Computer LanguageQpen source:

Visualisation facilities Computer Language:

GlS-based: Yes (can take GIS data)

Visualisation facilities: own Graphical User Interface

Pathways and processes modelled The model simulaEseption, evapotranspiration, infiltration,rfeice and subsurface flow, groundwater,
baseflow, and channel flow.

Inputs (data requirements) Precipitation, air terapee, relative humidity, wind velocity, and sotadiation.

Outputs Surface runoff, interflow, and baseflow

Calibration Method None of the parameters usdlemmodel is optimized (Ozga-Zielinska, M., 2002).

Fitting of simulated hydrographs to observed osefone by soil parameter correction.

®

Parameters state of the terrain and land-useaésistance coefficient — roughness, coverage hgignmeability, coverag
retention etc.), soil and sub-soil type: porosigfficient, maximal soil conductivity, soil depth.

Physically-based parameters, mainly calculated fagital thematic layers
Model output hydrograph is sensitive to cell si2ell size should be equal to mean river bed width.
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Water quality constituents No
Case Studies / Publications Example of WISTOO model application for LososinadRiWatershed (Ozga-Zielinska et al., 2002)
Assumptions and Limitations » High level of detail in spatial data

* Model structure focuses on mountainous watershaast(can also be applied for hilly watersheds)
How to obtain Model (contacts,Contact: Dr Wieslaw Gadek

documentation), Cost, Easy t&racow University of Technology

use (?) / training available Institute of Water Engineering and Water Management

31-155 Krakow

ul. Warszawska 24

Poland

wieslaw.gadek@iigw.pl

Documentation: Entire documentation is availabl€m@cow University of Technology.

M. Ozga-Zielinska, W. Gadek, K. Ksiazynski, E. Ndchand R. Szczepanek (2002). MATHEMATICAL MODEDF RAINFALL-RUNOFF
TRANSFORMATION-WISTOO, chapter 19 in Mathematicabdils of Large Watershed Hydrology. Edt by VijayShgh and Donald K.
Frevert, Water Resources Publications, Colorad®.US

SWMM model

Model Type (lumped or distributed)physically baseddistributed rainfall-runoff simulation model uséor single event or long-term (continuoys)
event-based or continuoyssimulation of runoff quantity and quality from pramly urban areas but also simulates non-urbamalareas).
Hydrological unit Hydrological Unit: subcatchments and river segments

Origin (development andSWMM was first developed in 1971 by the U.S. Ennim@ntal Protection Agency and has undergone seyvera
maintenance) major upgrades since then. The recent version SWhIMas pursued under a Cooperative Research anc

Development Agreement between the Water Supplwdaidr Resources Division of the U.S. Environmental
Protection Agency and the consulting engineering Hf Camp Dresser & McKee Inc.

Platform (PC?), Operating Systep®Rlatform: PC

Open source?, GIS-based (wh&perating System: Windows
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GIS?), Computer LanguageDpen source: Yes (except XP-SWMM)

Visualisation facilities

Computer Language: C
Gl S-based: No
Visualisation facilities: own GUI (SWMM 5), also XP-SWMM is coupled with EXRE GUI. MIKE-SWMM

Pathways and processes modelled

The model simul@tes-varying rainfall, evaporation of standingrfege water, snow accumulation and
melting, rainfall interception from depression sige, infiltration of rainfall into unsaturated sddyers,
percolation of infiltrated water into groundwatayérs, interflow between groundwater and the dgereystem
and nonlinear reservoir routing of overland flow.

Inputs (data requirements)

Precipitation, Tempeeatwind speed, and evaporation.

Outputs hydrographs and pollutographs at any deki@ation in the drainage system.
Calibration Method Manual, coupled with some aailon routines (Wan and James, 2002), Barco @088
Parameters Detailed in the SWMM user Manual (Ressr2009)

Water quality constituents

yes

Case Studies / Publications

Peterson, E.W. and Wicks, C. M. (2006). Assesdiegrnportance of conduit geometry and physicalpatars
in karst systems using the storm water managemedeh{SWMM). Journal of Hydrology, v 329, n 1-2,.pp
294-305.

Cho, J.H. and Seo, H.J. (2007). Parameter optirnizaf SWMM for runoff quantity and quality calctilan in a
eutrophic lake watershed using a genetic algoritMater Science and Technology: Water Supply, v&-6n pp.
35-41.

Liong, S.-Y., Chan, W. T., and Shreeram, J. (199%8ak-flow forecasting with genetic algorithm &\WMM.
Journal of Hydraulic Engineering - ASCE, v 121,,1pg. 613-617.

Wu, Y., Jiang, Y., Yuan, D., Li, L.(2008). Modelingydrological responses of karst spring to storrané.
Example of the Shuifang spring (Jinfo Mt., ChonggiChina). Environmental Geology, v 55, n 7, pp435
1553

Assumptions and Limitations

* URBAN areas oriented (but not exclusively)
» Simulates process in small basins
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* Time step not flexible (1 hr)

Versions

XP-SWMM (not a public domain model), SWMM 5.0, SWMB10.015

use (?) / training available

How to obtain Model (contacts
documentation), Cost, Easy

5,How to obtain Model: The model, user manual, araplical user interface can be downloaded from
thnttp://www.epa.gov/ednnrmrl/models/swmm/

Technical Support: There is no formal support @ftefor EPA SWMM. A SWMM Users Listserve, establighe
by the University of Guelph, allows subscribersasi questions and exchange information. To sulescsdnd ar
email message testserv@listserv.uoguelph.ca

Cost: Free of charge
GUI US$ 500-5000

|

Rossman, L.A. (2009). Storm Water Management Mdds&r's Manual, Version 5.0. National Risk ManagetriResearch Laboratory, U.S.
Environmental Protection Agency, Cincinnati, OH 882EPA/600/R-05/040.

Wan, B. and James, W. (2002). SWMM calibration ggjanetic algorithms. Global Solutions for Urbamaidage, pp. 1-14.

Barco, J., Wong, K. M., and Strenstrom, M. K. (2D08utomatic calibration of the U.S. EPA SWMM model a large urban catchment
Journal of Hydraulic Engineering, v 134, n 4, pp64174.

Erosion Productivity | mpact Calculator EPIC

Hydrological unit

Model Type (lumped or distributed
event-based or continuoy

)Continuous simulation mechanistic model that camded to determine the effect of management stestem
sagricultural production and soil and water resosird@mped

Origin (development
maintenance)

an

dWas developed at Texas Agricultural Experimenti@iafTAES)
Blackland Research Center, Temple, Texas, U.S.
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Open source?, GIS-based (wh&perating System: DOS, UNIX, Windows

Platform (PC?), Operating Syste’EF?latform: PC IBM, Macintosh, or Sun

GIS?), Computer Languag
Visualisation facilities

Open source: No

Computer Language: FORTRAN version 5125

Gl S-based: Spatial-EPIC is a GIS-based application for EPIRASS GIS, GEPIC (GIS-based tool for EPIC
Visualisation facilities: Spatial-EPIC, WInEPIC

Pathways and processes modelled

The model simulatather, surface runoff, baseflow, percolatiorgp®iranspiration, lateral subsurface fl
and snow melt. Water Erosion; Wind Erosion; N &Bs in runoff, nitrogen leaching; Organic N & Rrisport
by sediment; N & P mineralization, immobilizationdauptake; Denitrification; Mineral P cycling; Nxé&tion;
Pesticide fate and transport; Soil temperature
Crop growth and yield for over 80 crops; Crop natas; Tillage, Plant Environment control (drainagggation,
fertilization, furrow diking, liming); Economic aoanting; Waste management(feed yards dairies withithout
lagoons).

Inputs (data requirements)

Precipitation, tempegafmnonthly means) optional; solar radiation, wapeed, relative humidity

Outputs Runoff, sediment load, nitrogen and phospi®loads
Calibration Method Manual
Parameters Most sensitive parameters: sand¢adtse fragment contents, and curve number (SCBoahe(Bhuyan et a;.

2002)

Water quality constituents

Nutrients (nitrogen ahosphorus), sediments

Case Studies / Publications

Edwards D. R. , Benson V. W., Williams J. R., DaiieC., Lemunyon J., and Gilbert R. G. (1994) W$dhe
EPIC model to predict runoff transport of surfapgleed inorganic fertilizer and poultry manure ctitoents.
Transactions of the ASAE, vol. 37, no2, pp. 403-409

Vadas, P. A. , Krogstad, T., and Sharpley, A. NDO@.Modeling Phosphorus Transfer between Labile
Nonlabile Soil Pools: Updating the EPIC Model. S&tience Society of America Journal, v 70, n 336-743.

Pierson, S.T., Cabrera, M.L., Evanylo, G.K., ScdeyeP.D., Radcliffe, D.E., Kuykendall, H.A., Bensd/.W.,

an

Williams, J.R., Hoveland, C.S., and McCann, M.A0O@2). Phosphorus losses from grasslands fertilzitial
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broiler litter: EPIC simulations, Journal of Envraental Quality, v 30, n 5, pp. 1790-1795.

Hauser, V. L., Gimon, D. M., Bonta, J. V., Howdll, A., Malone, R. W., and Williams, J.R. (2005). ti&s for
hydrologic design of evapotranspiration landfilvecs. Environmental Science and Technology, v 383,npp.
7226-7233.

Chung, S.W., Gassman, P.W., Kramer, L.A., Williamd$R., and Gu, R.(1999). Validation of EPIC for t
watersheds in southwest lowa Journal of Environaiépuality, v 28, n 3, pp. 971-979.

WO

Assumptions and Limitations

Limitations

. Cannot represent watershed subsurface flow.

. Does not simulate sediment routing in detail.

. No mention of how the model deals with tile drains.
Versions
How to obtain Model (contacts,Contacts:

documentation), Cost, Easy
use (?) / training available

toDr. Jimmy Williams Texas A&M University — TAES Biland Research and Extension Center 720 E.
Blackland Road Temple, TX 76502
Tel.- (254) 774-6124
Email — williams@brc.tamus.edu

Avery Meinardus Texas A&M University — TAES Blackid Research and Extension Center 720 E. Blacklar
Road Temple, TX 76502

Tel. (254) 774-6110

Email — meinardu@brc.tamus.edu or epic@brc.tamus.ed

Website: http://epicapex.brc.tamus.edu/

nd
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Training: To schedule a training session (minimurd participants) if one is not currently availalghdease
contact: Evelyn Steglich, Texas A&M University AES Blackland Research and Extension Center
(254) 774-6127 Email — esteglich@brc.tamus.edu

Cost: Free of charge

Bhuyan,S.J., Kalita, P. K., Janssen
Modelling & Software, Vol.17, Issue

APEX

, K. A., andhBsy P. L. (2002). Soil loss predictions with theeesion simulation models, Environmental
2, pp 135-144

Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

) Continuous simulation mechanistic model, distridutenature.

S,

Hydrological Unit: subcatchments/subareas homogenhéo terms of weather, soil, landuse, and manage
practices.

me

Origin (development an

maintenance)

dWas developed at Texas Agricultural Experimenti@iafTAES)
Blackland Research Center, Temple, Texas, U.S. Agecultural Policy EXtender (APEX) model wd
developed in the 1990s to facilitate multiple selascenarios and/or manure

management strategies, such as automatic lanccapii of liquid manure from waste

storage ponds, which cannot be simulated in EPIC.

In addition to the EPIC functions, APEX has compusdor routing water, sediment,

nutrients, and pesticides across complex landsaapmeshannel systems to the watershed outlet.

S

Platform (PC?), Operating Syste
Open source?, GIS-based (wh
GIS?), Computer Languag
Visualisation facilities

eOpen source: No

nPlatform: PC IBM, Macintosh, or Sun
n&perating System: DOS, UNIX, Windows

Computer Language: Fortran
Gl S-based: yes, ArcGIS (WIinAPEX-GIS and SWAPP

Visualisation facilities: WIinAPEX (Version 0604), WinAPEX-GIS (version 080&GWAT-APEX (SWAPP)
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Pathways and processes modelleg

The model simwagather and snow melt, surface runoff, baseflosvcq@ation, evapotranspiration, late
subsurface flow, routing of water, sediment, nutise and pesticides across complex landscapes learthel
systems to the watershed outlet. Water ErosiondviEirosion; N & P loss in runoff, nitrogen leachir@yganic
N & P transport by sediment; N & P mineralizatiommobilization and uptake; Denitrification; Miner&l
cycling; N fixation; Pesticide fate and transp@&ujil temperature
Crop growth and vyield; Crop rotations; Tillage, ml&nvironment control (drainage, irrigation, fezttion,
furrow diking, liming); Economic accounting; Wasteinagement (feed yards dairies with or without dag).

ral

Inputs (data requirements)

Daily Precipitation, maxn and minimum temperature , and solar radiation
(wind speed, relative humidity If Penman equat®toibe used). Wind speed also if dust erosioimslated.

Outputs

Weather, hydrology, erosion, nutrientstipees, crop production, soil properties. By subaa routing reac
and total watershed. Option S: daily, monthly, ainuser selects outputs

—

Calibration Method

Manual

Parameters

Sensitivity analysis (Wang et al.6200

Water quality constituents

N and P cycles: minaseganic (NO3, NH3, active & stable organic N; lald®, active and stable mineral and

organic P, uptake, mineralization- immobilizatiatrification, denitrification, N fixation, volatization

GLEAMS pesticide component. Wash off of plants,ajem soil & on foliage, leaching runoff and sedimh
transport

D

Case Studies / Publications

Wang, E., Xin, C., Williams, J. R., Xu, C. (200®)edicting soil erosion for alternative land uss&surnal of
Environmental Quality, v 35, n 2, pp. 459-467.

Borah, D. K., Yagow, G., Saleh, A., Barnes, P. Rqgsenthal, W., Krug, E. C., and Hauck, L. M. (20(

Sediment and nutrient modeling for TMDL development and implementation.

Transactions of the ASABE, v 49, n 4, pp. 967-986.

Test of APEX for nine forested watersheds in East exab

6)

Wang, X. ,Saleh, A., McBroom, M.W., Williams, J.Rnd Yin, L. (2007). Journal of Environmental Qtglv
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36, n 4, pp. 983-995

Assumptions and Limitations

Versions 4220, 5140, 7045, 8190(1999) , 1310(R(MBL0(2006), 0604(2008), 0806.

How to obtain Model (contacts,Contact: J.R Williams , USDA-ARS, 808 E Blacklandd’, Temple, TX 76503
documentation), Cost, Easy [to
use (?) / training available Tel +1 817 770 6508

Fax +1 817 770 6561

Model : Model executables for version0604 can berdoaded from
http://epicapex.brc.tamus.edu/downloads/model-eabbes.aspx

Documents (theoretical and user manual) can be ldaged from:
http://epicapex.brc.tamus.edu/downloads/user-marasix

Website: http://epicapex.brc.tamus.edu/

Cost: Free of charge

Wang, X., Potter, S.R., Williams, J.R., Atwood).)J and Pitts, T.(2006). Sensitivity analysisAélEX for national assessment. Transactions
of the ASABE, v 49, n 3, pp. 679-688.

HYSIM
HYSIM is aHydrologicalSimulationM odel which uses rainfall and potential evapotramasioin data to simulate river flow

Model Type (lumped or distributed) Continuous, conceptual, semi-distributed
event-based or continuoys,
Hydrological unit Hydrological Unit: subareas

Draft --- 155



Pathways Project

Review of Catchment ManagemealsT

Origin (development an
maintenance)

dDeveloped by Ron Manley, Water Resources Associates

Platform (PC?), Operating Syste
Open source?, GIS-based (wh

nmRlatform: PC
n&perating System: Windows

GIS?), Computer LanguageOpen source: no

Visualisation facilities

Computer Language: Visual Basic
Gl S-based: no
Visualisation facilities. has own GUI

Pathways and processes modelled

Inputs (data requirements)

v) Groundwater abstractions.

It simulates epeon storage, runoff from impermeable areas, lamdrflow, interflow from the upper and
lower and soil horizons, rapid and slow responsmfgroundwater and the hydraulics of flow in richannels.
Precipitation. This is iveg as catchment areal averapge.
i) Potential  evapotranspiration rate.  Estimates sebda on an empirical relationship.
i) Potential melt rate. This can be based on thegree day method or a more complex one.
iv) Sewage flow/direct abstractions. The net figure for these is used.

Outputs

Outflow discharge, recharge to groundwateapotranspiration.

Calibration Method

An optimization scheme basedtlom Rosenbrook method. There is a choice of tlgective functions
depending on whether high flows, low flows or oWlemacuracy is most important

Parameters

The model has around 25 parameteibrafiah in HYSIM uses an automatic search algamittor the most
sensitive parameters. The other parameters canebdys hydrograph analysis or by measured phys
characteristics of the catchment

sical

Water quality constituents

no

Case Studies / Publications

Mountain N.C. and Jones J.A.A.(2006). Reconstrgcartreme flows using an airflow index-based stetiba
weather generator and a hydrological simulationehddATENA, Volume 66, Issues 1-2, pp.120-134.

Pilling, C. and Jones, J. A. A. (1999). High resioln climate change scenarios: implications fortiBhi runoff,
Hydrological Processes, Vol. 13, Issue 17, pp. 282895.

Charlton, R., Fealy, R., Moore, S., Sweeney,id, Murphy, C. (2006). Assessing the impact of ctenzhange
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on water supply and flood hazard in Ireland usitaggstical downscaling and hydrological modellieghniques
Climatic Change, v 74, n 4, pp. 475-491.

Manley, R. E. (1978). Calibration Of Hydrologicalolllel Using Optimization Technique. ASCE J Hydraul,[
v 104, n 2, pp. 189-202.

Assumptions and Limitations

Versions

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,Contacts: Ron Manley
tdVater Resources Associates
Email: rm04@watres.com

Cost: Free of charge
How to obtain model: both model and wuser manual cdme downloaded from:
http://www.watres.com/software/soft-hysim.html

Training available: Yes, see http://www.watres.dpamiing/tr-HY SIM.htm

DHSVM

Distributed Hydrology Soil Vegetation Model

Model Type (lumped or distributed

) Distributed physically-based continuous-simulatioadel
S,
Hydrological/Modelling unit: computational grid t=l

event-based or continuou
Hydrological unit

Origin (development an
maintenance)

doriginally developed in the early 1990s
by Mark Wigmosta while at the University of Washioig (Wigmosta et al. 1994). Since then the model
code has been further developed by a wide castavhcters at the University of Washington, Pacific
Northwest National Laboratory, and the UniversityBatish Columbia.

Platform (PC?), Operating Syste

rPlatform: PC, SUN workstations, and HP workstations

Open source?, GIS-based (wh

n&perating System: Windows, UNIX, LINUX
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GIS?), Computer LanguageQpen source: yes

Visualisation facilities

Computer Language: ANSI-C
Gl S-based: yes ARC/INFO
Visualisation facilities: GIS interface

Pathways and processes modelled

Evapotranspiramowpack accumulation and melt, interception, twmaged moisture movement, saturated

subsurface flow, surface overland flow, and chafioel and sediment transport

Inputs (data requirements)

Air temperature, Wineesl) humidity, incoming shortwave radiation andoming longwave radiatio
Jprecipitation, observed runoff, and sediment load

Outputs Runoff, evapotranspiration, channel flomd aediment yield.
Calibration Method Manual, see Storck et al. (998
Parameters Physically-based parameters that caitise measurable or obtained from literature.nals number can b

calibrated.

D

Water quality constituents

No, only sediments.

Case Studies / Publications

Storck, P., Bowling, L., Wetherbee, P., and Lettaram D. (1998). Application of a GIS-based disitéx
hydrology model for prediction of forest harvesfeefs on peak stream flow in the Pacific Northwg
Hydrological Processes, Vol. 12, No.6, pp. 889-904.

Doten, C. O., Bowling, L.C., Lanini, J. S., Mauré&r, P., and Lettenmaier, D. P. (2006). A spatidistributed
model for the dynamic prediction of sediment ernsegnd transport in mountainous forested waters
Water Resources Research, v 42, W04417, doi:10/20@9WR003829.

Cuo, L., Giambelluca, T. W., Ziegler, A. D., andINti M., A. (2006). Use of the distributed hydrgiosoil
vegetation model to study road effects on hydraalgiprocesses in Pang Khum Experimental Waters
northern Thailand. Forest Ecology and Manageme24; n 1-2, pp. 81-94, March 15, Catchment Pr@sesy
Southeast Asia

Cuo, L., Lettenmaier, D. P., Alberti, M., Richey, B. (2009). Effects of a century of land cover afichate
change on the hydrology of the Puget Sound basidrdibgical Processes, v 23, n 6, pp. 907-933.

2St.

heds

hed
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VanShaar, J. R., Haddeland, I., Lettenmaier, D{2B02). Effects of land-cover changes on the hydyickl
response of interior Columbia River basin forestatthments. Hydrological Processes, v 16, n 132pp9-
2520.

Assumptions and Limitations
Versions DHSVM 2.0.1, DHSVM 3.0 r1, DHSVM 3.0

How to obtain Model (contactsHow to obtain model: http://www.hydro.washingtoruAcettenmaier/Models/DHSVM/code.shtml
documentation), Cost, Easy [&ontact: dhsvm-users group (http://www.hydro.wagtun.edu/Lettenmaier/Models/DHSVM/contact.shtml)

use (?) / training available

dhsvm@hydro.washington.edu

Technical Support: no technical support is avadabther than the DHSVM web page, unless specific
arrangements have been made.

SIMHYD

Model Type (lumped or distributed)Jumped conceptual daily rainfall-runoff model
event-based or continuoys,
Hydrological unit
Origin (development andSIMHYD is a simplified version of the daily concapt rainfall-runoff model, HYDROLOG,
maintenance) that was developed in 1972 and the more recent MODROLOG. SIMHYD is one of

the rainfall-runoff models in RRL (Rainfall-Runofibrary) which was developed by the CRC for Catchtme
Hydrology’s Predicting Catchment Behaviour Resedudgram. The SIMHYD code was written by Dr. Franci
Chiew (The University of Melbourne, Australia).
Platform (PC?), Operating SystepPRlatform: PC

Open source?, GIS-based (wh&perating System: Windows

GIS?), Computer Language@pen Source: No

Visualisation facilities Gl S-based: No

Computer language:
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Visualisation facilities: own friendly interface

Pathways and processes modelled The model calsulaterception, runoff, infiltration , evapotramsgion, interflow, recharge, and baseflow.
Inputs (data requirements) daily precipitation potential evapotranspiration

Outputs Runoff which consists of (impervious runaffiltration excess runoff, interflow and Basetfip

Calibration Method When using the RRL, the follogiautomatic calibration methods are available:fadm random sampling,

Pattern search, Multi start pattern search, RoseklsearchRosenbrock multi-start search, Genetic algorithm,
and the Shuffled Complex Evolution (SCE-UA).

Parameters 7 model parameters only.

Water quality constituents no

Case Studies / Publications Jones, R. N., Chiew, F. H.S., Boughton, W. C., Ahdng, L. (2006). Estimating the sensitivity ofaneannua
runoff to climate change using selected hydroldgivadels. Advances in Water Resources, v 29, mpf01419-
1429.

Wang, G., Zhang, J., and He, R. (2007). Compariddrydrological models in the middle reach of ¥alow
River. IAHS-AISH Publication, n 311, pp. 158-163etlodology in Hydrology.

Development of a coupled pathogen-hydrologic cataitm model
Haydon, S., and Deletic, A. (2006). Journal of Hydgy, v 328, n 3-4, pp. 467-480.

Integration and application of the Rainfall Runoff Library
Kim, S., Vertessy, R.A., Perraud, J.-M., and Sohg2005). Water Science and Technology, v 52, pp,275-
282.

Siriwardena, L., Finlayson, B.L., and McMahon, T.@®006). The impact of land use change on catchment
hydrology in large catchments: The Comet River,t@rQueensland, Australia. Journal of Hydrologya26, n
1-4, pp. 199-214

Versions
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How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

How to obtain model and documentation: SIMHYD ig @i the rainfall-runoff models in RRL (Rainfall-Roff
thibrary), a software product in the Catchment MadglToolkit (www.toolkit.net.au/rrl).

Cost: Free of charge
Contact: Dr. Francis Chiew, Cooperative Researehti@ for Catchment Hydrology, Department of Cauild

Environmental Engineering, University of Melbouriarkville 3010, Victoria, Autralia.
f.chiew@civen.unimelb.edu.au

Simple Lumped Reservoir Parametric Model SL URP

event-based or continuou

Hydrological unit

Model Type (lumped or distributed)js a continuous simulation, conceptual distribyttginally lumped)
dhydrological model in which the parameters areteel@o land cover

(vegetation type)

Hydrological unit : The model divides the watersir@d hydrologically-consistent
sub-units known as aggregated simulation areas JASRASA is not a
homogeneous area but is a grouping of smaller avighknown

properties.

Open source?,
GIS?), Computer
Visualisation facilities

Origin (development andDeveloped by Dr. Geoff W. Kite at the National Hytihgy Research Institute, Saskatchewan
maintenance) Canada.
Platform (PC?), Operating SystepRlatform: PC

GIS-based (wh&perating System: Windows
LanguageOpen source: no

Computer Language: FORTRAN 90
Gl S-based: no but can be used.
Visualisation facilities; own GRU interface

Pathways and processes modelled

The model routesippation through the appropriate processes amdemutes outputs (evaporation,
transpiration and runoff) and changes in storagedpy interception, snowpack and soil moisturendis are
accumulated from each land cover within an ASA gisirtime/contributing area relationship for eaaidlaover
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and the combined runoff is converted to streamfo routed between each ASA.

=

Inputs (data requirements) Inputs include dailyetiseries of precipitation, temperature, hours mgbrsunshine and dew point temperature
Outputs The SLURP model produces two types of duipypoint data such as streamflow at differertaltions in the
basin, and ii) spatially distributed data such asitbwide evaporation, transpiration, or net runoff

Calibration Method manual

Parameters The most important parameters aree saturated conductivity, precipitation multiplicat factor, rain/snow
division factor, and the snowmelt rate (Kite, 1995)

Water quality constituents no

Case Studies / Publications Jain, S.K., N. Kumar, T. Ahmed and G.W. Kite, 1998URP model and GIS for estimation of runoff ipart

of Satluj catchment, India. Hydrological Sciencesraal, 43(6), 875-884.

Barr AG, Kite GW, Granger R, Smith C (1997) Evaiogtthree evapotranspiration methods in SLURP
macroscale hydrological model. Hydrological Proesss 11, n 13, p 1685-1705.

Effects of reduced land cover detail on hydrololgica model response
Armstrong, Robert N.; Martz, Lawrence W. Sourcedkyogical Processes, v 22, n 14, p 2395-2409, Tuly
2008

The temporal transferability of calibrated paramete of a hydrological model
Apaydin, Halit; Anli, Alper S.; Ozturk, Ahmet SowcEcological Modelling, v 195, n 3-4, p 307-31dnd 15,
2006

Large-scale distributed watershed modelling for eresir operations in cold boreal regions
St. Laurent, M.E.; Valeo, C. Source: Canadian JaluwhCivil Engineering, v 34, n 4, p 525-538, Ai#0D07

Assumptions and Limitations
Versions
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How to obtain Model (contacts,Contact: Dr. Geoff W. Kite
documentation), Cost, Easy [tdNational Hydrology Research Institute
use (?) / training available 11 Innovation Blvd

Saskatoon

Saskatchewan

Canada S7N 3H5

phone (306) 975-5687

fax (306) 975-5143
geoff.kite@ec.gc.ca
kiteg@nhrisv.nhrc.sk.ec.gc.ca

cost: contact Dr. Geoff W. Kite

Kite, G. (1995). The SLURP model in Computer modeisWatershed Hydrology. Edited by Singh,V.P. WaRgsources Publication,
Colorado, USA.

SSARR
The Streamflow Synthesis and Reservoir Regulatiodél

Model Type (lumped or distributed) Semi-distributed, continuous simulation, conceptual
event-based or continuouys,
Hydrological unit

Origin (development angdDeveloped by the US Army Corps of Engineers, N&wilcific, 1972.
maintenance)

Platform (PC?), Operating SystepPRlatform: PC, RISC-processor workstations
Open source?, GIS-based (wh&perating System: Dos, Unix

GIS?), Computer LanguageOpen source: yes
Visualisation facilities Computer Language: Fortran
Gl S-based: No
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Visualisation facilities: GUI (AUTOREG for RISC workstations)

Pathways and processes modelled

The model simulaiesall-runoff, interception, evapotranspiratiospil moisture accouting, baseflg
infiltration, and routing of runoff into the streasystem.

W

Inputs (data requirements)

Precipitation and teatpes

Outputs Surface runoff, subsurface flow, and basefl
Calibration Method Has an automatic calibratiocatdiee.
Parameters Sensitive parameters (see Kang,1978).

Water quality constituents

no

Case Studies / Publications

COMPARISON OF TWO DAILY STREAMFLOW SIMULATION MODEKS OF AN ALPINE
WATERSHED.
Brendecke, Charles M.1; Laiho, Douglas R.1; Holdeyan C.1 Source: Journal of Hydrology, v 77, n, 1p4
171-186, 1985

Interactive calibration for the SSARR watershed aic
Rockwood, D.M.; Kuehl, D.W. Source: Proceeding3loé Western Snow Conference, p 273, 1993

STREAMFLOW MODELING OF UPPER INDUS RIVER CATCHMENT]
Selvalingam, S.; Masood, A. Source: Water ResouBedistin, v 14, n 4, p 827-841, 1978.

COMPARISON OF DETERMINISTIC MATHEMATICAL WATERSHED  MODELS.
Perrier, E.R.; Ford, W.B. Source: Paper - AmeriSaniety of Agricultural Engineers, 1977

Climate change impacts in the Elbow River Waters
Valeo, C.; Xiang, Z.; Bouchart, F.J.-C.; Yeung, Ryan, M.C. Source: Canadian Water Resources Jour3a,
n 4, p 285-302, Winter 2007

nd

hed

Assumptions and Limitations

Versions

How to obtain Model (contacts

5,How to obtain model and documentation: http://wwmdAvc.usace.army.mil/report/ssarr.htm

documentation), Cost, Easy

t&€Cost: Free of charge.
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use (?) / training available

Contact: D. D. Speers
Hydrologic Engineering Branch, Water Managementidion, U.S. Army of Engineers, North Pacific Dias,

Portland District, P.O. Box 2870, Portland, OR 8-2870, USA.

Sensitivity of

the Parameters of the SSARR Model.

Kang, Narut Source: Journal of Hydraulic Reseavct, n 1, p 1-25, 1978

SMAR

Soil Moisutre Accounting and Routing Model

(lumped
event-based

Model Type
distributed),

continuous, Hydrological unit

I Lumped, conceptual, continuous simulation model
DI

Origin (development
maintenance)

d  SMAR Model is a development of the ‘Layers’ conegptrainfall-runoff model introduced by O’Connetl
al. (1970), its water balance component having lpeeposed in 1969 by Nash and Sutcliffe (Clark80p,
1994). The SMAR/layers model has been further fretiby Khan, (1986) and Liang (1992).

Open source?,
GIS?), Computer
Visualisation facilities

Platform (PC?), Operating Syste
GIS-based (wh&perating System: Windows
Languag

TPlatform: PC

e0Open source: yes

Computer Language: FORTRAN

Gl S-based: No

Visualisation facilities: only as part of the Rainfall Runoff Library (RRL) the Galway package.

Pathways and processes Evaporation and evapotranspiration, infiltratioargolation, interflow, baseflow and surface runoff
modelled

Inputs (data requirements) Pan evaporation, rajraiatl observed runoff hydrograph (for model calilmm)

Outputs Surface runoff, interflow, quick and slomgndwater flow.

Calibration Method

Automatic (genetic algorithmm@lex method), within the RRL (Uniform Random SegrPattern Search
Multi Start Pattern Search, Rosenbrock Method, Matlirt Rosenbrock search, genetic algorithm).

Parameters

Around 6 parameters.

Water quality constituents

No
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Case Studies / Publications

M.A. Fazal, M. Imaizusilshida, T. Kawachi, T. Tsuchihara, Estimatgngundwater recharge using t

he

SMAR conceptual model calibrated by genetic alponit Journal of Hydrology, Volume 303, Issues 1-4, 1

March 2005, Pages 56-78

Ahmed Nasr, Michael Bruen, Development of neur@fjumodels to account for temporal and sp3
variations in a lumped rainfall-runoff model, Joalrof Hydrology, Volume 349, Issues 3-4, 1 Febru
2008, Pages 277-290

Assessing the performance of eight real-time updatnodels and procedures for the Brosna R
Goswami, M.1; O'Connor, Kieran M.1; Bhattarai, KLPShamseldin, A.Y.2 Source: Hydrology and Ez
System Sciences, v 9, n 4, p 394-411, 2005, AdwaimcElood Forecasting

Rainfall-runoff modelling of Bua River basin, Mala
Mkhandi, S.H.1; Kumambala, P.G.2 Source: IAHS-AIBtblication, n 308, p 239-243, 2006

itial
ary

iver
wrth

Versions

SMARY (Tan and O'Connor, 1996), SMARG (Gai et al. , 2002)

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

to

Cost: Free of Charge
How to obtain:

Can be obtained from: Department of Engineeringrblipd)y, University College Galway, Galway, Ireland.

Documentation: journal articles and M.Sc. ThesethatDepartment of Engineering Hydrology, Univers
college Galway, Ireland.

t

D

B. Q. Tan, K. M. O'Connor, Application of an empdi infiltration equation in the SMAR conceptual det Journal of Hydrology, Volume
185, Issues 1-4, 1 November 1996, Pages 275-295.
O’Connell, P.E., J.E. Nash, and J.P. Farrell, RMerv forecasting through conceptual models. Paifiliz Brosna catchment at Ferbane,

Journal of Hydrology., 10: 317-329,

1970.

Clarke, R.T., Statistical Modelling in Hydrologyhih Wiley and Sons, 1994.
Khan, H., 1986. Conceptual modelling of rainfalkoff system. In: M.Eng. Thesis, Department of Eegmng Hydrology, University

College Galway.
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revised SMAR mottel Memorandum to the River Flow Forecasting Vbidp Group, Department of

Engineering Hydrology, University College Galwaypublished).

Goswami, M., O’Connor, K.M., Shamseldin A.Y., 20@ructures & performances of five rainfall-runofbdels for continuous river-flow
simulation. In: Proc. 1st Biennial Meeting of I&nv. Modeling and Software Soc., Lugano, Switzet|aml. 1, pp. 476-481.

TREX

Two-dimensional Runoff, Erosion

, and Export model

Model Type (lumped or

continuous, Hydrological unit

distributed), event-based or

Physically-based, distributed-parameter, rastargsagrid), two-dimensional watershed model.

Hydrological unit: finite difference square gridilse

Origin (development and
maintenance)

Developed by Velleux, M., England, J., and Jullnin Colorado State University. The model was tase
CASC2D but expanded and enhanced to support flamdehmg and chemical transport features based@n th
WASP/IPX model

Visualisation facilities

Platform (PC?), Operating SystepRlatform: PC
Open source?, GIS-based (wh&perating System: Windows, linux, Unix
GIS?), Computer Language@pen source: yes

Computer Language: C and follows ANSI C99 conventions.
Gl S-based?: No
Visualisation facilities: No GUI.

modelled

Pathways and processes TREX has three components: hydrology (rainfall antdrception, infiltration and transmission lostrage,

overland and channel flow), sediment transport, @mmical transport and fate.

Inputs (data requirements)

Precipitation data, aretegical variables for continuous simulationgr{erature, relative humidity, wind
speed, solar radiation)

Outputs

Runoff flow, sediment flow, and chemicahds at the outlet, summary files and time-seriedlaf,
sediments and chemicals.

Calibration Method

Manual.

Parameters

Key parameters of the hydrological moud#ude hydraulic conductivity (Kh), and surfaceughness
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(Manning n). Key parameters of the sediment trarismodel include grain size, erosion threshold.(e.

critical shear stress), soil erosivity (K), landreofactor (C), porosity, and grain size distribati Key
parameters include the distribution (partition)fliceent (Kd) and the initial distribution of cherpals in soil
and sediment. See Velleux et al. (2008) and Vel&tial. (2006) for sensitive parameters.

Water quality constituents

Sediments and chem{cdidsolved or particulate form)

Case Studies / Publications

174

Two-dimensional sinmariat of extreme floods on a large watershed

England Jr., John F.; Velleux, Mark L.; Julien,ReY. Source: Journal of Hydrology, v 347, n 1p2229-
241, December 15, 2007

TREX: Spatially distributed model to assess wateilsh contaminant transport and fate

Velleux, Mark L.; England Jr., John F.; Julien,rReY. Source: Science of the Total Environment04, n
1, p 113-128, October 1, 2008

Mark L. Velleux,*t Pierre Y. Julien,T Rosalia Roj@anchez,t William H. Clements, and John F. Erjl
Jr.§ Simulation of Metals Transport and Toxicityaatline-Impacted Watershed: California Gulch, Catim

Environ. Sci. Technql2006, 40 (22), pp 6996—7004

Versions

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,Cost: Free of charge
t&€ontacts: Mark Velleux,HydroQual, Inc.,

Denver, CO 80225

1200 MacArthur Boulevard
Mahwah, NJ 07430

email: mvelleux@hydroqual.com

John England

Bureau of Reclamation
Flood Hydrology and Meteorology Group, 86-68250, CIiS
Bldg. 67, Denver Federal Center
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email: jengland@do.usbr.gov

Pierre Julien

Department of Civil Engineerin
Colorado State University
Fort Collins, CO 80523

email:pierre@engr.colostate.edu

How to obtain model and Documentatic

http://www.engr.colostate.edu/~pierre/ce_old/PrgAiREX%20Web%20Pages/TREX-Overview.html

LASCAM
LASCAM has been developed with
water quality.

the aim of predgtine impact of land use and climatic changes endtily trends of stream flow and

n:

Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

)Complex conceptual model (within subcatchment),tiooilwus simulation, distributed model, semi-phyyci
shased

Hydrological unit: subcatchment aggregated visastr@etworks.

52

Origin (development an

maintenance)

dDeveloped at the Centre for Water Research, Unityen§ western Australia by M. Sivapalan, N.R. Wneind
C. Zammit

Platform (PC?), Operating Syste
Open source?, GIS-based (wi
GIS?), Computer Languag
Visualisation facilities

e0Open source: No

mPlatform: PC
n&perating System: windows, Linux and Mac

Computer Language: Fortran 95
Gl S-based: no
Visualisation facilities; own GUI

Pathways and processes modelled

The model simuslatizsce and subsurface runoff, groundwater, evapspiration, and streamflow routing

Inputs (data requirements)

Daily rainfall, annuah @vaporation, measured streamflow and watertyuaiaita.

Outputs

Surface and subsurface runoff, actual ea#ipa, recharge to the permanent groundwater téfalseflow, ang

!
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estimates of soil water storage.

Calibration Method Calibrations scheme based erSthuffled Complex Evolution algorithm.

Parameters The hydrological and water quality rhbde 87 parameters, which describe each of theoleéhtial flux paths
Of these, 30 define the water balance, 5 defines#ificbalance, 6 define the sediment balance arakf8e the
nutrient balance (11 for the phosphorus model @htbdthe nitrogen model). A further 7 parameteziree the
initial storage values and 10 define the disaggdregaf the initial average stores to each subcatstt.

While some parameters are physically meaningful eneh measurable or can be estimated from litexatur
values, most of the parameters are conceptual amerly be quantified by calibration against striéaww or
stream nutrient load data.

Water quality constituents Sediments, nutrientl$, sa

Case Studies / Publications Modelling the effedtdand-use modifications to control nutrient loaflem an agricultural catchment |n
Western Australia Zammit, C.; Sivapalan, M.; KelsBy, Viney, N.R. Source: Ecological Modelling, 871 n 1
SPEC. ISS., p 60-70, September 10, 2005

A conceptual model of sediment transport: Applmatio the Avon River Basin in Western Australia
Viney, Neil R.; Sivapalan, Murugesu Source: Hydgital Processes, v 13, n 5, p 727-743, April 19919

Modelling catchment processes in the Swan-Avorr tasin
Viney, Neil R.; Sivapalan, Murugesu Source: Hydgital Processes, v 15, n 13, p 2671-2685, Septehtddr

Modeling of surface runoff in Xitiaoxi catchmenthi@a. Xu, Ligang; Zhang, Qi; Li, Hengpeng; VineyeiNR.;
Xu, Jintao; Liu, Jia Source: Water Resources Mameage, v 21, n 8, p 1313-1323, August 2007

Limitations The smallest unit sis sub-catchment dredefore it does resolve this subcatchementintatsmaller units and
therefore cannot be used to predict the hydroldgéssponses within these sub-units.
The smallest temporal scale is one day.

Large number of parameters.

Versions
How to obtain Model (contacts,To obtain model and documentation, contact:
documentation), Cost, Easy to yséentre for Water Research, University of westerstfalia
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(?) / training available MO023 , 35 Stirling Highway
Crawley 6009
Australia
CWR Melbourne Office
Suite 1, Level 3
470 Collins St
Melbourne Vic 3000
Phone +61 3 9629 9035
Centre Manager
Ph: +61 8 6488 2400
Fax: +61 8 6488 3058
Email: info@cwr.uwa.edu.au
Cost: free of charge
Documentation: see Sivapalan et al. (2002)
Sivapalan,M., Viney,N.R., and Zammit, C. (2002). 28AM: Large Scale Catchment Model in Mathematicaldels of Large Watershed
Hydrology, etd. Singh,V.P. and Frevert,D.K. Wat@sBurces Publications,LLC.
MIKE SHE
Model Type (lumped or distributed)Physically Based, distributed, continuous simutgtiategrated hydrologic modeling system
event-based or continuoys,
Hydrological unit Hydrological unit: rectangular grid/cell
Origin (development andMIKE SHE is a developed based on the SHE modetimgcept developed by a European constortium oéthre
maintenance) organisations: the Institute of Hydrology (UK), theench consulting firm SOGREAH and the Danish tic
Institute (DHI).
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Open source?, GIS-based (wh&perating System: Windows NT, 95 and 98, XP Professional, Vista Business

GIS?), Computer LanguageOpen source: No

Visualisation facilities Computer Language: Fortran

GlS-based?: Yes, Arcview GIS

Visualisation facilities: GIS, interactive GUI with pre- and post-processcapabilities, MIKE SHE 2-D
graphical Editor

Platform (PC?), Operating Syste’EF?Iatform: PC

Pathways and processes modelled It simulates viler (precipitation, evapotranspiration, intercepti infiltration (unsaturated zone flow),
overland flow, channel flow, and groundwater flowgter quality and sediment transport.
Inputs (data requirements) Climate data (daily ipieation, daily mean temperature, potential eveguugpiration)

Stream flow data (water stages and flows)

Ground water data (groundwater stages, groundwateactions)

Soils data (saturated hydraulic conductivity, $ndisture retention curves)

Land use data (Land use and cropping pattern desst-index and root depth)

Watershed characteristics

Outputs actual evapotranspiration

stages and flows in the river system

recharge to the saturated zone and moisture caritetite unsaturated zone

stages and flows in the saturated zone (groundwzdeel)

exchange flows between rivers and aquifers, rigsacsdrained areas, rivers and overland flow.

Calibration Method Manual

Parameters Being physically based MIKE SHE adagisit data that are measured in field. Some modtbration is
however always required. The most important calibnaparameters are hydraulic conductivity of thyiiter,
manning number in rivers, saturated/unsaturatedaoyid conductivity for the unsaturated zone model.

As for pure groundwater models MIKE SHE are highbnsitive to the hydraulic properties of the aquife
system. In surface water dominated regimes it ntayelver be the surface water features (Manningsrbkse
sectional geometry) that becomes the most impoftarthe model calibration (Mannings M, channel getry).
Also see (Xevi et al., 1997)
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Water quality constituents

Conservation solutegngbal transformation equations may be added tditéde modelling non-conservativ
solutes.

e

Case Studies / Publications

Application of the dedpgVIIKE SHE/MIKE 11 modelling system to a lowlameet grassland in southeg
England
Thompson, J.R.; Srenson, H. Refstrup; Gavin, Hfsggard, A. Source: Journal of Hydrology, v 293.-4, p
151-179, June 2004

Distributed hydrological modelling in California reearid shrublands: MIKE SHE model calibration a
uncertainty estimation
McMichael, Christine E.; Hope, Allen S.; Loaiciddygo A. Source: Journal of Hydrology, v 317, n 34307-
324, Febrary 20, 2006

Assessing the impacts of land use changes on \kattrshydrology using MIKE SHE
Im, Sangjun; Kim, Hyeonjun; Kim, Chulgyum; Jang,e0lhee Source: Environmental Geology, v 57, n23}p
239, March 2009

Effect of grid size on effective parameters and ehogerformance of the MIKE-SHE cod
Vzquez, R.F.; Feyen, L.; Feyen, J.; Refsgaard,3o0rce: Hydrological Processes, v 16, n 2, p 385-Bebrary
15, 2002

1St

nd

e

Versions

How to obtain Model (contacts
documentation), Cost, Easy to U
(?) / training available

5,Contacts: DHI agent in Ireland: Alan G. Hooper, MD 87/89 Morehampton Road 1st Floor
geonnybrook , Dublin 4, IRELAND
Telephone: +353-1-663-290(
Facsimile: +353-1-663-2888
E-mail: hooperag@cdm.com

Software support centre (technical support): E-mail software@dhigroup.cor
Tel: +45 4516 9333(Open 7.30-16.00 GM

>

Fax: +45 45 16 92 92
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Cost: contact DHI agent in Ireland
Training: http://www.dhigroup.com/Software/Trainiagpx

Xevi,E., Christiaens, K., Espino, A.
Analysis of the MIKE-SHE Model U
242.

, Sewnandan, Wallants, D., Sgrensen, H. and Feyen, J. (1€fipration, Validation and Sensitivity
sing the NeuenkiechCatchment as Case Study. Water Resources Maaag¥oi. 11, No. 3, pp. 219 —

Dynamic Water shed Simulation M odel (DWSM)

Model Type (lumped or distributed
event-based or continuou
Hydrological unit

),The DWSM is a physically based, event-based, Oigied, and unsteady rainfall-runoff, soil/sedimerdsion-
dransport, and agrochemical mixing-transport model.

Hydrological unit: subwatersheds, specifically,oiine-dimensional overland elements, channel setgmand
reservoir units. An overland element is represeated rectangular area with the same area as frettiewidth
equal to the adjacent (receiving) channel length.

Origin (development an

maintenance)

d
Developed by the lllinois State Water Survey ,.U.S

Platform (PC?), Operating Syste
Open source?, GIS-based (wh
GIS?), Computer Languag
Visualisation facilities

eOpen source: upon request

mRlatform: PC
n&perating System: PC-DOS or Windows

Computer Language: FORTRAN
Gl S-based: No
Visualisation facilities: None

Pathways and processes modelled

Simulates inteoeptfiltration, detention storage, and evapanatiosses and routes the excess rainfall
overland surface and part of the infiltrated wataough overland subsurface, and route the combilosd
through channel segments, and through reservois,uiany, from single or a consecutive seriegafall
events.

bver

Inputs (data requirements)

Physical data reprasgtiie watershed, initial moisture, soil and adtical chemicals and meteorological d:

ata

representing the rainfall events
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Outputs

Summary of total rainfall at each rain gagatershed outflow volume, peak flow, and timehe peak flow.

Summaries of areas, rainfall and rainfall excegsttde runoff volumes, and unit-width peak-flowsawverland
planes. Summaries of drainage areas, runoff volupesk flows and times to the peak flows for tharctels
and reservoirs. Time series of areal average taimfensity, watershed outflow, and outflows oflessted
channels and/or reservoirs at each time step, wdantbe used to develop hyetograph and hydrographs.

Calibration Method

Manual

Parameters

Sensitive to runoff curve number, atddr hydraulic conductivity, Manning's roughnes&ftaent, flow
detachment coefficient, chemical partition coeéfiti chemical mixing parameter, sediment partidgle
distribution, and rainfall intensities and theimigoral distributions

(7]

Calibration parameters include runoff curve nundresaturated hydrological conductivity, Manningigighness
coefficient, flow detachment coefficient, chemipaltition coefficient, and chemical mixing parannete

Water quality constituents

Nutrients, sedimentsl, pecticides.

Case Studies / Publications

Storm event flow and sediment simulations in adncal watersheds using DWSM
Borah, D.K.; Bera, M.; Xia, R. Source: Transactiafishe American Society of Agricultural Engineevs47, n
5, p 1539-1559, September/October 2004

Storm event and continuous hydrologic modelingcfanprehensive and efficient watershed simulations
Borah, Deva K.; Arnold, Jeffrey G.; Bera, Maitreyéaug, Edward C.; Liang, Xin-Zhong Source: Jouroé
Hydrologic Engineering, v 12, n 6, p 605-616, NobemiDecember 2007

Watershed-scale hydrologic and nonpoint-sourcaipoti models: Review of applications
Borah, D.K.; Bera, M. Source: Transactions of thmeefican Society of Agricultural Engineers, v 473,rp 789-
803, May/June 2004

Hydrologic and water quality model for tile drained watersheds in lllinois
Borah, D.K.1, 2; Xia, R.1, 2; Bera, M.1, 2 Sourz800 ASAE Annual International Meeting, TechnicabBrs:
Engineering Solutions for a New Century, v 2, p 22479, 2000, 2000 ASAE Annual International Megtin
Technical Papers: Engineering Solutions for a New entQry
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Conference: 2000 ASAE Annual International Meetifigchnical Papers: Engineering Solutions for a N
Century, July 09,2000 July 12,20
Publisher: American Society of Agricultural and Bigical Engineers

lew
DO

Model Limitations

Only used to simulate single event
Only for agricultural watersheds
One-dimensional channel simulation (no ecologicatesses)

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,Cost: Free of charge
t&€ontacts:

Dr. Deva K. Borah, Woolpert, Inc., 415 Port CerRagkway, Suite 101, Portsmouth, VA 23704-4924; T&V-
398-6858, Fax: 757-399-6869, Email: deva.borah@perblcom

Cost: free of charge

Contact the authors for documentation and model

LISEM

LiImburg Soil Erosion Model simulates the hydrologyd sediment transport during and immediately aitsingle rainfall event in a small

catchment.

Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

),a single-event physically-based hydrological aaitl srosion model for drainage basins. The LISEMdelas
spne of the first examples of a physically based ehddat is completely incorporated in a raster Gaplical
Information System.

Hydrological unit: grid cells

Origin (development an

maintenance)

dDr. Ad P.J. De Roo, Mr. C.G. Wesseling, Dr. V.Gitede (Utrecht Universitfy (Physical Geography))..NIr.J.
Ritsema (Staring Centre, Wageningen), the Netheslan

Platform (PC?), Operating Syste
Open source?, GIS-based (wh

mPlatform: PC
n&perating System: Windows

GIS?), Computer Languag
Visualisation facilities

Open source: No
FComputer Language: C++
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Gl S-based: yes PCRaster
Visualisation facilities; PCRaster

Pathways and processes modelled

Processes indegbanathe model are rainfall, interception, suefatorage in micro-depressions, infiltrati
vertical movement of water in the soil, overlandwf] channel flow, detachment by rainfall and thiafadj,
detachment by overland flow, and transport capaxitie flow.

n,

Inputs (data requirements)

Rainfall data

Outputs

« atext-file with totals (total rainfall, total disarge, peak discharge, total soil loss etc.);
« a ASCII data file which can be used to plot hydegdrs and sedigraphs.
« Pc-Raster maps of soil erosion and depositionaased by the event;

PcRaster maps of overland flow at desired timeate during the event.

Calibration Method

manual

Parameters

Sensitive parameters (Roo et al., 1996)

Water quality constituents

Sediments, nutrientsggen and phosphorus in solution and in suspepsion

Case Studies / Publications

Evaluation of the LISEM soil erosion model in twatchments in the East African Highlands
Hessel, Rudi; van den Bosch, Rik; Vigiak, Olga $eurEarth Surface Processes and Landforms, v 31,pr
469-486, April 15, 2006

Suitability of transport equations in modellinglsmiosion for a small Loess Plateau catchment
Hessel, Rudi; Jetten, Victor Source: EngineeringlGgy, v 91, n 1, p 56-71, April 23, 2007

Effects of spatially structured vegetation pattesnshillslope erosion in a semiarid Mediterraneami®nment:
A simulation study. Boer, Matthias; Puigdefabregamn. Earth Surface Processes and Landforms, v 30p
149-167, February 2005

Erosion models: Quality of spatial predictions.
Jetten, Victor; Govers, Gerard; Hessel, Rudi. Hialjigal Processes, v 17, n 5, p 887-900, April2(8)3

Assumptions and Limitations

Versions

1.53, 1.54, 1.55, 1.61, 1.63(2), 2.012203, 2.12, 2.13, 2.154, 2.155, 2.156, 2.15I58,.2.159 to 2.34 (V.
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050704), 2.35 (VJ 050811), 2.36-2.391 (VJ 0710R391-2.40 (VJ 170806), 2.5.0 (VJ 080217), 2.58.32(VJ
080620), 3.0

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,Contact: Dr Ad P.J. De Roo
tepartment of Physical Geography, Utrecht Univegr$ttO. Box 80115, 3508 TC Utrecht, The Netherlands

Tel:+31 30 253 5773

Fax: +31 30 254 0604

Email: a.deroo@frw.ruu.nl

Model homepage: http://www.itc.nl/lisem/

Model and documentation: http://www.itc.nl/lisem/

LISEM: a single-event, physically
application

based hydrologiead soil erosion model for drainage basins. énsitivity analysis, validation and

De Roo, A.P.J.; Offermans, R.J.E.; Cremers, N.H.[Bdurce: Hydrological Processes, v 10, n 8, p 4111175, 1996

CASC2D (CASC2D-SED)

Model Type (lumped or distributed
event-based or continuou
Hydrological unit

)CASC2D is a fully-unsteady, physically-based, distired-parameter, raster (square-grid), two-dinwared]
gnfiltration-excess (Hortonian) hydrologic model imulating the hydrologic response of watershadgect to
an input rainfall field

Hydrological unit: finite difference square grids.

Colorado State University and was called CASC2D-SED

Origin (development andCASC2D development was initiated in 1989 at the.lA8ny Research Office (ARO) funded Center for

maintenance) Excellence in Geosciences at Colorado State Untyefihe original version of CASC2D has been sigaifitly
enhanced under funding from ARO and the U.S. Arnoyp€ of Engineers Waterways Experiment Station
(USACEWES). The upland erosion and channel sedirtransport module was added by Johnson (1997) at

Platform (PC?), Operating Syste
Open source?,
GIS?), Computer
Visualisation facilities

Languag

GIS-based (wl

nRlatform: PC

n&perating System: Windows, Unix
eOpen source: Yes

Computer Language: C

Gl Sbased?: Yes, GRASS GIS, ARC/INFO
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Visualisation facilities; GRASS GIS, WMS 7

Pathways and processes modelled

Major components of  the model include: continuous
soil-moisture accounting, rainfall, interception, nfiltration, surface and
channel runoff routing, soil erosion and sedimearigport.

Inputs (data requirements)

Precipitation data, ovetegical variables for continuous simulationsniperature, relative humidity, wind
speed, solar radiation)

Outputs

Runoff flow and sediment flow at the oytetmmary files and time-series of flow and seditsien

Calibration Method

The Shuffled Complex EvolutiXCE) automated calibration procedure (Duan efi@2) was successfully
employed by Senarath et al. (2000) to calibrate CAS in continuous simulationg
Published tables of parameter values (e.g. soiltratfon and overland roughness
parameters) usually provide good initial valueslS Gan be used to describe the spatial
distribution of parameters using land-use/land-cawel soil textural classifications.

Parameters

Model has around 20 parameters. The seositive parameters are: overland flow Manningghness
coefficient, channel flow Manning roughness coédfit, soil saturated hydraulic conductivity; ovedaflow
retention depth; and plant canopy resistance. mdel is quite sensitive to errors in rainfall rate

Water quality constituents

No, only sediment tramsp

Case Studies / Publications

M. Marsik and P. Waykem application of the distributed hydrologic mbd@ASC2D to a tropical montane
watershed, Journal of Hydrolo@®0 (2006), pp. 481-495

Billy E. Johnson, Pierre Y Julien, Darcy K Moln&hester C. Watson, THE TWO-DIMENSIONAL UPLAND
EROSION MODEL CASC2D-SED,2000, Vol.36, No. 1, Jalraf the American Water Resources Associatjon,
pp. 31-42

Versions

CASC2D-SED, CASC-2D

How to obtain Model (contacts

5,Contact: Prof. P.Y. Julien

documentation), Cost, Easy

tepartment of Civil Engineering
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use (?) / training available

Colorado State University
Fort Collins CO 80523-137
Phone (970) 491-8450
Fax (970) 491-7008

pierre@engr.colostatela

Cost: Free of charge

How to obtain model and Documentatiohttp://www.engr.colostate.edu/~pierre/ce_old/PriggcASC2D-
SED%20Web%20site%20082506/CASC2D-SED-Home.htm

Documentation exists for CASC2D Version 1.18 (Ogd&98), which includes model details related
hydrologic simulations, continuous formulation, amekerland/channel erosion, sedimg
transport, and deposition.

Ogden, F.L., 1998, CASC2D Version 1.18 Referenceddf Dept. of Civil & Environmental Engineering;37, University of Connecticut,
Storrs, CT 06269, 106 pp.

Duan, Q., S. Sorooshian and V. Gupta, 1992, Effectind efficient global optimization for conceptuainfall-runoff modelsWater Resour.
Res, 28(4): 1015-1031.

Senarath, S.U.S., F.L. Ogden, C.W. Downer, and HSKarif, 2000, On the Calibration and Verificatioh Distributed, Physically-Based,
Continouous, Hortonian Hydrologic ModeWater Resources Resear@6(6):1495-1510.

WaSIM-ETH

event-based
Hydrological unit

Model Type (lumped or distributed

or continuou

), Deterministic, physically based, fully distribufentinuous, modular and highly adaptable hydrckignodel
S,
Hydrological unit: cells/square grid.

maintenance)

Origin (development an

dDeveloped at the Swiss Federal Institute of TeatuglZurich

Open source?,

Platform (PC?), Operating Syste

rPlatform: PC

GIS-based (wl

n&perating System: Windows/Linux
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GIS?), Computer Languag
Visualisation facilities

eOpen source: No

Computer Language: C++

Gl S-based: No

Visualisation facilities: Graphlines a GUI for WASIM-ETH, ShowGRID

Pathways and processes modelleg

Interceptiontratidn, evapotranspiration, surface runoff, sakev accounting, and groundwater flow,

Inputs (data requirements)

precipitation , tempeegtwind speed, vapour pressure, and radiation

Outputs Runoff, sediment yield, tracers load
Calibration Method Manual
Parameters A very large number of physically-baged free (can be calibrated) parameters. Freemeteas~95. Fo

sensitivity analysis of the most important paramsgtsee chapter 3.6 of WASIM-ETH manual (Schulld
Jasper, 2007 ).

an

Water quality constituents

phase flow are not taken into account.)

sediments, and tracdthqugh chemical or bio-chemical processes likardation and denitrification or multi

Case Studies / Publications

Krause, S., J. Ja¢olBronstert (2007). Modelling the impacts of lanse and drainage density on the wsa
balance of a lowland—floodplain landscape in n@asthé&ermany. Ecol. Modelling 200(3-4): 475-492

Cullmann, J., V. Mishra, R. Peters (2006) Flow gsial with WaSiM-ETH model parameter sensitivity
different scales. Adv. Geosci. 9: 73-77

Krause, S., A. Bronstert (2006) The impact of gawater-surface water interactions on the waterricaglaf a
mesoscale lowland river catchment in northeastenm@ny. Hydrol. Proc. 21(2): 169-184

Kunstmann, H., J. Krause, S. Mayr (2006) Inversgritiuted hydrological modelling of Alpine catchnen
Hydrol. Earth Syst. Sci. 10: 395-412

Kunstmann, H., A. Heckl, A. Rimmer (2006) Physigdlased distributed hydrological modelling of tdpper
Jordan catchment and investigation of effective ehequations. Adv. Geosci. 9: 123-130

ater

at

Lindenschmidt, K.-E., G. Ollesch, M. Rode (2004)
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Physically-based hydrological modelling for non+godissolved phosphorus transport in small and omed
sized river basins. Hydrol. Sci. J. 49(3): 495-510

Assumptions and Limitations
Versions WaSIM-Topmodel, WaSIM-Richards

How to obtain Model (contactsCost: Free of charge

documentation), Cost, Easy to ys€ontacts: Dr. Karsten Jasper,

(?) / training available Postweg 11

CH 8143 Stallikon

Tel.: +41 (0)44 700 26 1
E-mail: k.jasper @ wasim.ch

Or

Dr. Jorg Schulla

Regensdorferstrasse 162
CH 8049 Zurich

Tel.: +41 (0)44 341 84 3
E-mail: j.schulla @ wasim.ch

Website: http://www.wasim.ch/en/index.htmi

Schulla,J. and Jasper, K. (2007). WASIM-ETH ModekEription . Technical report, pp. 181.

HBV

Model Type (lumped or distributed) Semi-distributed conceptual model that is basethertheory of linear reservoirs.
event-based or continuous Hydrological units: sub-basins as primary hydrotadjunits
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Origin (development an
maintenance)

dDeveloped by Sweden's Meteorological and Hydroklgiostitute in the early 70°s to assist hydropo
operations (Bergstrom 1976) by providing hydroladjforecasts.

wver

Platform (PC?), Operating Syste
Open source?, GIS-based (wh

GIS?), Computer LanguageOpen source: No

Visualisation facilities

mPlatform: PC
n&perating System: DOS , Windows-95, NT or unix

Computer Language: There are several implemented versions, most aftwh Fortran, the newest in C++.
Gl S-based: No
Visualisation facilities. own GUI (IHMS 5)

Pathways and processes modelled

The model simusatéace runoff, evapotranspiration, snow melts@| moisture accounting, infiltration, ar
transmission losses

nd

Inputs (data requirements)

§ Precipitation records (on daily or shorter timeytep
§ Air temperature records (if snow is present)

§ Monthly estimates of evapotranspiration

§ Runoff record for calibration

Outputs Catchment discharge, usually daily values
Calibration Method Automatic calibration techniduees been developed (Harlin,1991)
Parameters A range of parameters are includedwanfeasured, but many simply given a value by apsam Usually

between 10 and 15 are optimized by calibration sieity analysis: Lindstrom and Harlin, 1992; Harand
Kung, 1992; Seibert, 1997; Lidén and Harlin, 2000

Water quality constituents

Nitrogen and phosph@HBV-NP)

Case Studies / Publications

System Science 6(3): 407-417.

Bruland, O. and Killingtveit, A. (2002). "An ensrdpalance based HBV-model with application to armctiksr
watershed on Svalbard, Spitsbergen " Nordic HydypR3( 2-3): 123-144.

Tisseuil, Clement Wade, A., Tudesque, L.and 1RK2008). "Modeling the stream water nitrate dyitanm a
60,000-km2 European catchment, the garonne, sosthkrance " Journal of Environmental Quality 37

Kobold, M. and Brily/(2006). The use of HBV model for flash flood foasting . Natural Hazards and Earth

6):

2155-2169.
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Sorman A. Arda, Sensoy, A. , Tekeli A. , Sorman, @&d Akyirek, Z. (2009). "Modelling and forecastin

snowmelt runoff process using the HBV model in dastern part of Turkey." Hydrological Processes/R3(
1031-1040.
Goétzinger, J. and Bardossy, A. (2007). "Comparisinfour regionalisation methods for a distribut

ed
hydrological model." Journal of Hydrology 333(2-3).4-384.

Versions

HBV, HBV-N, HBV-NP, HBV-96, PULSE

Limitations

Crude classification of land use (fdréake, etc.) within a subbasin

How to obtain Model (contacts
documentation), Cost, Easy to U
(?) / training available

5,Cost: The model is free for research purpose. &omaercial use a licence may be bought from SMHI.
sEraining: Courses are organised regularly at SMHI.

Contacts: Prof Sten Bergstrom
Sweden's Meteorological and Hydrological Institute

Box 923, S-60176 Norrkoping, Sweden.

Harlin, J. (1991). Development of a process origérmdalibration scheme for the HBV hydrological Madsebrdic Hydrology, Vol. 22, No. 1,

pp.13 -36.

WATFLOOD/SPL9

WATFLOOD is an integrated set of computer programorecast flood flows for watershed having regmtimes ranging from one hour to
several weeks. Continuous simulation can be camgdby chaining up to 100 events. SPL is the hydjioal modeling component in

WATFLOOD.

Model Type (lumped or distributed
event-based or continuou
Hydrological unit

),The model SPL9 is a physically-based, distributetukation model of the hydrologic budget of a watexd.
sHydrological unit: Group response units and grillisce

Origin (development
maintenance)

an

dDeveloped by N. Kouwen, Department of Civil Engirieg, University of Waterloo, Ontario, Canada

Platform (PC?), Operating Syste

nmRlatform: PC,SUN Solaris, SGI and Linux systems

Open source?, GIS-based (wh

n&perating System: DOS, Unix
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GIS?), Computer LanguageDpen source: No

Visualisation facilities

Computer Language: FORTRAN95
Gl S-based: no but can use GIS for data management
Visualisation facilities. Green Kenu@ormerly EnSim Hydrologic)

Pathways and processes modelled

The processesedadelude interception, infiltration, evaporati@mow accumulation and ablation, interflo
recharge, baseflow, and overland and channel mputin

W,

Inputs (data requirements)

Rainfall, temperatuck solar radiation.

Outputs

Total discharge.

Calibration Method

Hooke and Jeeves (1961) automadttern search optimization algorithm taken frdhonro (1971). The
program can be run to automatically determine whmmbination of parameters best fit measured cromdit

Parameters

Soil permeability, overland flow rouggs) channel roughness, depression storage, amgpan zone depletion

factor.

Water quality constituents

Not in original modetdsnents, nutrients (P and N) Leon et al. 200(hqugens (Dorner et al. 2006)

Case Studies / Publications

Kouwen, N., (1988). "WATFLOOD: A Micro-Computer msFlood Forecasting System based on Real-Tim
Weather Radar,” Canadian Water Resources Jou3{al), bp.62-77.

Pietroniro, A., Prowse, T.D., Hamlin, L., Kouwen, &hd Soulis, E.D. (1996). Application of a groupesgponse
unit hydrologic model to a northern wetland reginernational Journal of Hydrologic Processes,pi0,1245-
1261.

Shaw, D. A., Martz, L. W., and Pietroniro, A. (2005 methodology for preserving channel flow netwodnd
connectivity patterns in large-scale distributedimjogical models. Hydrological Processes, Vol. 18,1. pp.
149-168.

Bingeman, A.K, Kouwen, N. and Soulis, E. D. (200&lidation of the hydrological processes in a lojalgical
model. Journal of Hydrologic Engineering, ASCE.(%), pp.451-463.

e

Dibike, Y.B. and Coulibaly, P. (2007). Validatior loydrological models for climate scenario simuwdati the
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case of Saguenay watershed in Quebec. Hydrologroglesses, Vol. 21, No. 23, pp. 3123-3135.

Assumptions and Limitations

Versions

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,Contact: N. Kouwen, Department of Civil Engineeritlpiversity of Waterloo,
t&email: kouwen@uwaterloo.ca or by phone at (519)8887 X33309

Or Frank Seglenieks e-malil at frseglen@uwaterloorday phone at (519) 888-4567 X36112.
Software executables can be downloaded from: Migw.civil.uwaterloo.ca/watflood/index.htm
Cost: Free of charge

Technical support: email N. Kouwen or Frank Seglksi

Leon, L. F., Soulis, E. D. , Kouwen, N. , Farquh@r J. (2001). Nonpoint source pollution: a disited water quality modeling approach,

Water Research, Volume 35, Issue

4, pp. 997-1007.

Dorner, S. M., Anderson, W.B., Slawson, R. M., KemyN., and Huck, P.M. (2006). Hydrologic ModelwigPathogen Fate and Transport.
Environmental Science & Technology, Vol. 40, No, ap. 4746-4753.

TOPOG
TOPOG is a terrain analysis-based

hydrologic mougll

Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

) Deterministic, distributed-parameter hydrologic ralidg package which uses topographical information
S,
Hydrological unit: element

Origin (development an
maintenance)

dit has been developed jointly by CSIRO Land andaiand the Cooperative Research Centre for Catah
Hydrology, Australia

men

Platform (PC?), Operating Syste

rPlatform: PC
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Open source?, GIS-based (wh&perating System: Windows, UNIX (The full TOPOG package will onlyrmwn UNIX workstations)

GIS?), Computer LanguageOpen source: Yes

Visualisation facilities Computer Language: FOTRAN and C
Visualisation facilities: The screen graphics routines and user interfaeewaitten in X-WINDOWS anc
MOTIF.
Gl S-based?: No

Pathways and processes modelled TOPOG describesvatar moves through landscapes; over the lanadaeirinto the soil, through the soil and

groundwater and back to the atmosphere via evapordthe model:

(a) describe the topographic attributes of comgheae dimensional landscapes

(b) predict the spatial distribution of steady staiaterlogging, erosion hazard and landslide nslices

(c) simulate the transient hydrologic behaviourcafchments, and how this is affected by changinghozent
vegetation

(d) model the growth of vegetation and how thisaets on the water balance

(e) model solute movement through the soil

(H) model sediment movement over the soil surface

Inputs (data requirements) Total daily rainfall,anedaily vapour pressure deficit, daily maximum amicimum temperature, total solar
radiation.

Outputs Runoff hydrograph, estimates of solutesediment yield.

Calibration Method Manual

Parameters Davis et al. (1999), Carluer and DsiMg2004)

Water quality constituents Conservative solute mmesmt and sediment transport

Assumptions and Limitations It is intended for apgiion to small catchments (up to 10 km2, and galyesmaller than 1 km2).

The primary strength of TOPOG is that it is basedaosophisticated digital terrain analysis moddhjciv
accurately describes the topographic attributébree-dimensional landscapes.

Case Studies / Publications Silberstein, R. (2006). Hydrological models aregamd, do we still need data? Environmental Modgllg
Software, Vol. 21, No. 9, pp. 1340 — 1352.

Carluer, N. and De Marsily, G (2004). Assessmeantrmodelling of the influence of man-made netwarkghe
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hydrology of a small watershed: implications fostflow components, water quality and landscapeagament
Journal of Hydrology, Vol 285, Issues 1-4, pp. B-9

Atmosphere, Vol 25, Issues 7-8, pp. 659-664

DAVIS, S.H., VERTESSY, R.A. AND SILBERSTEIN, R.PL999):
techniques. Hydrol. Process. 13: 677-688

VERTESSY, R.A. AND ELSENBEER, H. (1999):

parameterization. Water Resources Research, VoN®@57 2173 - 2187

ZHU, T.X., BAND, L.E. AND VERTESSY, R.A. (1999):
Continuous modelling of intermittent stormflows asemi-arid agricultural catchment. J. Hydrologg:2P1-29

ZHANG, L., DAWES, W.R., HATTON, T.J. HUME, LH., GONNELL, M.G., MITCHELL, D.C,,
MILTHORP, P.L. AND YEE, M. (1999):

Estimating episodic recharge under different cragtipre rotations in the Mallee region. Part 1. Expents and
model calibration. Agricultural Water Management24®-235

J. Schellekens, (2000). The interception and rumgeifierating processes in the Bisley catchment, illaq
experimental forest, Puerto Rico. Physics and Cseyiof the Earth, Part B: Hydrology, Oceans and

The sensitivity of a catchment model to soil hydicaproperties obtained by using different measieem

c

Distributed modeling of stormflow generation in &mazonian rain forest catchment: Effects of magdel

Versions

TOPOG_Dynamic

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,TOPOG is available as a ‘restricted product” frorhe t eWater CRC Catchment Modelli

g

td oolkit(http://www.toolkit.net.au/). You will needo register as a Toolkit user and then email Ruthar

Silberstein(Richard.Silberstein@csiro.au) or JaghiRan (Joel.Rahman@csiro.au) for access to the code

Cost: Free of charge
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Technical support: currently, no technical support can be providedhstalling or using TOPOG.

Training: Check for upcoming workshops and online tutorialdNIX Tutorials at
http://www.per.clw.csiro.au/topog/workshops/tuttsia

MoreInfo: Check TOPOG website (http://www.per.clw.csiro.apétg/)

Water Erosion Prediction Project (W

EPP)

Model Type (lumped or distributed
event-based or continuou
Hydrological unit

)js a process-based, distributed parameter, contssionulation, erosion prediction model

S1
Hydrological unit: hillslope profiles

Origin (development an

maintenance)

dUSDA-ARS National Soil Erosion Research Laboratdvigst Lafayette, IN

Platform (PC?), Operating Syste
Open source?, GIS-based (wh
GIS?), Computer Languag
Visualisation facilities

nPlatform: PC
n&perating System: Windows 95/98/NT/2000/XP/Vista
eOpen source: No

Computer Language: ANSI FORTRAN 77

Gl S-based: no but some studies integrated it with GIS and ARSMuse with WEPP is available on the web
for evaluation

Visualisation facilities: own interface, FS WEPP, GeoWEPP (with ARC GIS9.0)

Site

Pathways and processes modelleg

The WEPP modetlexctomponents for weather generation, frozes, gmbw accumulation and
melt, irrigation, infiltration, overland flow hydudics, water balance, plant growth, residue
decomposition, soil disturbance by tillage, cordation, and erosion and deposition.

Inputs (data requirements)

Rainfall

Outputs Runoff Volume, sediment yield, and soiklos
Calibration Method Manual
Parameters Hillslope length, Manning's coefficgemind channel slope were found to be key paramgteéhe prediction o
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watershed sediment yields. Erodibility and critishlear stress were found to be important for evetsre
channel scour was active, and the results weratsen® the hydraulic conductivity for events wiimall runoff
and small sediment contributions from hillslop&affaut et al, 1997;Zhang,X.C.,2004; Pandey e2@0D8)

Water quality constituents

Sediments only

Case Studies / Publications

Dun, S., Wu, J., Elliot, W., Robichaud ,P., FlanggB., Frankenberger, J., Brown, R., and Xu, A0@.
"Adapting the Water Erosion Prediction Project (WWPnodel for forest applications.” Journal of Hyldgy
366(1-4): 46-54.

agricultural watershed in India using the WEPP nhbddeurnal of Hydrology 348(3-4): 305-319.
Pieri, L., Bittelli, M., Wu, J., Dun, S, Flanagdb,, Pisa, P., Ventura, F., Salvatorelli, F.(200Using the Watel

Erosion Prediction Project (WEPP) model to simulédd-observed runoff and erosion in the Apenni
mountain range, Italy." Journal of Hydrology 33&t-84-97.

cultivated catchment." Physics and Chemistry offhgh, Parts A/B/C 31(17): 1038-1047.

Pandey, A., Chowdary, V., Mal, B. and Billib,M. @8). "Runoff and sediment yield modeling from a 8ma

nes

Raclot, D. and Albergel , J. (2006). "Runoff andtevaerosion modelling using WEPP on a Mediterranean

while

Limitations - Hillslope profile applications compute interrill and rilosion and deposition along selected landscape profiles,
watershed applications also estimate channel erosion and dapositd deposition in impoundments. The procedures do
not consider classical gully erosion.

- Model application is limited to areas where the hydrology is dominated lgrtigom overland flow.

Versions 2002.700, 2004.700, 2006.5, 2008.907sflatersion)

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5 How to obtain Model: can be downloaded from
tdittp://topsoil.nserl.purdue.edu/nserlweb/weppmaitaftiownload2.htm

Cost: Free of charge

Software page: http://topsoil.nserl.purdue.edulnsdy/weppmain/
Documentation: http://topsoil.nserl.purdue.edu/lgss/weppmain/docs/readme.htm
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Areal Nonpoint Sour ce Water shed Environment Response Simulation (ANSWERS2000)

Model Type (lumped or distributed
event-based or continuous

)]t is a physically-based deterministic continuodsstributed parameter model (ANSWERS is an eveset
simulation model)

Hydrological Unit: The model divides the area siatatl into a uniform grid of square (1 hectare oaltm),
within which all properties (surface and subsurfasml properties, vegetation, surface conditionppg
management, and climate) are assumed homogeneous.

=

Origin (development an

maintenance)

dDeveloped at the Agricultural Engineering DeparttridrPurdue University (Beasley and Huggins, 1981)

Platform (PC?), Operating Syste
Open source?, GIS-based (wk
GIS?), Computer Languag
Visualisation facilities

eOpen source: Yes

nRlatform: PC and Sun workstation
n&perating System: Unix, Windows

Computer Language: FORTRANT77
GIS-based: GRASS-GIS, ArcView
Visualisation facilities: GRASS-GIS, ArcView, Que&sts

Pathways and processes modelled

The model simudégseption; surface retention/detention; indition; percolation; sediment detachment
transport of mixed particle size classes in riligerrill areas, and channels; crop growth; plaptakke of
nutrients; N and P dynamics in the soil; nitratacleng; and losses of nitrate, ammonium, total dgal
nitrogen, and P in surface runoff as affected bly satrient, cover and hydrologic conditions

and

Assumptions and Limitations

Limitations:

The sediment detachment sub-model is empiricabanadf date.
Predictions of ammonium loss in surface runoff ha@en poor. This sub-model needs to be updated,
Current procedures for simulating fertilizer pla@mhare cumbersome and need to be automated.
The currently distributed version of the model doessimulate interflow and groundwater contribogo
to baseflow. The model is therefore inappropriateuse in watersheds where baseflow is significEimé.
groundwater version of the model recently develdpe@ouraoui et al. (1997) may overcome this

limitation.
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* The model does not currently simulate nutrienteyend fate in receiving waters. This limits the ok
the model to small upland watersheds.

* The model does not simulate snow pack and meltsatilis unsuitable for use in areas with significan
winter snow accumulation and snowmelt.

Dissolved P: initial labile P, clay and silt conten

Water quality constituents

Sediments, N (nitratemenium, total Kjeldahl nitrogen ) and P

Case Studies / Publications

Connolly, R. D., D. M. Silburn, et al. (1997). "Dibuted parameter hydrology model (ANSWERS) apptie a
range of catchment scales using rainfall simulaata. Ill. Application to a spatially complex catoént.”
Journal of Hydrology 193(1-4): 183-203.

Ahmadi, S. H., S. Amin, et al. (2006). "SimulatiMyatershed Outlet Sediment Concentration using
ANSWERS Model by applying Two Sediment Transporp&aty Equations.” Biosystems Engineering 94
615-626.

Inputs (data requirements) Rainfall

Outputs Runoff volume, sediment yield, nitrogen phdsphorus,

Calibration Method Manual

Parameters Parameters are generally physicalgdbasd calibration is not required.
The most sensitive parameters for the major outputs include:
Runoff volume: silt and clay content, solar radiati
Sediment yield: clay content
Nitrate in runoff: clay content
Dissolved: sensitive runoff volume parameters
Sediment-bound TKN: clay content, soil N level, et organic N
Sediment-bound P: initial labile P, clay and silt ontent

the
4):

Bouraoui, F. and. Dillaha, T. (2000). "ANSWERS-200n-Point-Source Nutrient Planning Model." ASCE

Journal of Environmental Engineering 126(11), pg3:Q055.

Bouraoui, F. and. Dillaha, T. (1996). "ANSWERS-208uinoff and Sediment Transport Model." ASCE Jou
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of Environmental Engineering 122(6), pp.493 - 502.

Versions

ANSWERS, ANSWERS-2000

use (?) / training available

How to obtain Model (contacts,Cost: Free of charge
documentation), Cost, Easy [tdlodel documentation: user manual only for the exemsed version.

How to obtain Model: Model can be downloaded from  ebgite:
http://www.bse.vt.edu/ANSWERS/Download.php
Model documentation and user support is very lichite

Contacts: Prof. Theo Dillaha
Professor of Biological Systems Engineering
Virginia Tech, Blacksburg, VA 24061-030

Phone: 540-231-6813, Fax: 540-231-3199, E-maikaldii@vt.edu

Training available: No

Website: http://www.bse.vt.edu/ANSWERS/index.php

Pr ecipitation-Runoff Modeling System (PRM S)

event-based or continuous
Hydrological Unit

Model Type (lumped or distributed) PRMS is a modular-design, deterministic, distrideparameter

Hydrological Unit: A watershed is divided into suits based on such basin characteristics as shspect,
elevation, vegetation type, soil type, land usé, precipitation distribution. Two levels of paiditing are
available. The first divides the basin into

homogeneous response units (HRU) based on the taaiacteristics. Water and energy balances ar@uieah
daily for each HRU. The sum of the responses lofiRIU's, weighted on a unit-area basis, producesdtily
system response and streamflow for a basin. A setmrel of partitioning is available for storm hpdraph
simulation. The watershed is conceptualized asiassef interconnected flow planes and channeinsegs.
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Origin (development an
maintenance)

dModel was developed by the: US Geological Survey.

Platform (PC?), Operating Syste
Open source?, GIS-based (wh

GIS?), Computer LanguageComputer Language: Fortran 77

Visualisation facilities

mPlatform: PC
n&perating system: UNIX, DOS

Open source: Yes (for UNIX only)
Gl S-based: No (but ARCINFO and SPANS are linked ($eégel and Lillwitz (1993))
Visualisation facilities. GIS (PRMS developed into the Modular Modelling t8ys Leavesley et al. (1996))

Pathways and processes modelled

models the imphgiecipitation (interception, soil-moisture acoting, evapotranspiration, surface rung
subsurface flow, and groundwater), channel routtlgnate(snow component), and land use on streami
sediment yields and groundwater recharge.

ff,
lo

Inputs (data requirements)

For daily streamflow patations, a minimum of daily precipitation and lganaximum and minimum ai
temperature are required. For snowmelt computstidaily short-wave solar radiation data sseommended
For areas without snowmelt, daily pan evaporatiataccan be substituted for temperature data. teomg
hydrograph and sediment computations, short tirtexval precipitation, streamflow, and sediment date
needed. Physical descriptive data on the topograguils, and vegetation are input for eagtershed subuni
The spatial and temporal variation of precipitatimmperature and solar radiation are also needed

Outputs

The observed (if available) and predictehmdaily discharge for the basin is output in kabtorm. Annual
and monthly summaries of precipitation, intercemtipotential and actual evapotranspiration, antbws and
outflows of the ground water and subsurface reseyvare available. A summary table of observed
predicted peak flows and runoff volumes for eachrstperiod is output in tabular form.

and

Calibration Method

Parameter-optimization (Rozewckr technigue and Gauss- Newton technique) and itiséigs analysis
capabilities are provided.

Parameters

Physically-based and can be spatmliymporally-distributed. For sensitive parame{see Jeton, and Smit
1993).

=

Water quality constituents

No, only sediment tramsp

Case Studies / Publications

Mazi, K. , Koussis, A. D. , Restrepo, P. J. , anoutsoyiannis, D. (2004). A groundwater-based, dhjec
heuristic parameter optimisation method for a giéaiion-runoff model and its application to a samrd basin,

Journal of Hydrology, Volume 290, Issues 3-4, p{8-258
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Bongartz, K. (2003).Applying different spatial dibution and modelling concepts in three nestedaveae
catchments of Germany, Physics and Chemistry ofEueh, Parts A/B/C, Volume 28, Issues 33-36, Recen
Development in River Basin Research and Managerppnt,343-1349.

Brendecke, C. M. , Laiho, D. R. , and Holden, D.(f985). Comparison of two daily streamflow simidat
models of an alpine watershed, Journal of Hydrol&dplume 77, Issues 1-4, pp. 171-186.

Legesse, D., Vallet-Coulomb, C., Gasse, F. (20@8jlrological response of a catchment to climateland use
changes in Tropical Africa: case study South Cértthiopia, Journal of Hydrology, Volume 275, Issuk-2,
pp. 67-85.

Versions
How to obtain Model (contacts,Operation and Distribution:

documentation), Cost, Easy [to U.S. Geological Survey

use (?) / training available Hydrologic Analysis Software Support Riag
437 National Center

Reston, VA 20192

h2osoft@usgs.gov
Cost: Free of charge
http://water.usgs.gov/software/prms.html
Jeton, A. and Smith, J. (1993). Development of \iéteed Models for two Sierra Nevada Basins usingeag@&phic Information System,
Journal of the American Water Resources Associatfoh 29, No. 6, pp. 923 — 932.

Flagel, W. andLillwitz, Th. (1993).Using a distributed hydrologic model with the aid of GIS for compagdnydrological modelling of
micro- and meso-scale catchments in the USA and in Gerriveyo-scale Modelling of the Hydrosphere, IAHSReation No. 214.
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Brewer, M. Sd afiger, R. J. (1996). The modular modeling systé&iMS) — The physical process

modeling component of a database-centered decssipport system for water and power management. WAaite & Soil Pollution. Vol.90,

No. 1-2, pp.303-311.

SHETRAN

Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

),
sSHETRAN is a three-dimensional, coupled surfadedatface, physically-based, spatially-distributédite-

difference model for coupled water flow, multifrect sediment transport and multiple, reactive stunsport
in river basins.

Hydrological unit: a regular rectangular grid with typical dimensiafis few hundreds of meters (200-300t
The equations are solved with an explicit finitHedtence method.

m).

method, evapotranspiration by the Penman Monteigthad, flow in unsaturated soil by a one-dimenaig
Richards' equation, saturated, groundwater, flowthieyBoussinesqg equation and snowmelt by an ermrgget
approach. It modells overland flow as a two-dimenal diffusie wave and Manning's resistance law.

Origin (development and

maintenance) The SHETRAN system was developed by the Water lResse Systems Research Laboratory (WRSRL), is
based on the SHE (Systeme Hydrologique Europead)was developed by international collaboratiormieen
the Danish Hydraulic Institute, the British Instéwof Hydrology and SOGREAH in France.

Platform (PC?), Operating SystepRlatform: PC

Open source?, GIS-based (wh&perating System: Windows

GIS?), Computer LanguageOpen Source: No.

Visualisation facilities GIS-Based?: No
Computer Language: FORTRAN90
Visualisation facilitiess. SHEGRAPH graphics package

Pathways and processes modelled Each of the majoents of the hydrologic cycle is modelled sepdyatnterception by the Rutter accounting

n

Inputs (data requirements)

Time series of rainfadt, radiation,
air temperature, humidity and wind speed,

Outputs

Main outputs: Runoff hydrograph and sedinyesid.
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Calibration Method

Manual

Parameters

Large number of physically-based pdessme
See Bathurst (1986).

Water quality constituents

Soil erosion and mudtifron transport on ground surface and in streasnméls
Multiple, reactive solute transport on ground scefand in stream channels and subsurface
Nitrogen (Birkinshaw and Ewen ,2000).

Phosphorus (Nasr et al, 2005)

Case Studies / Publications

Nasr, A., Bruen, M., Jordan, P., Moles, R., KigB;,and Byrne, P. (2007) A comparison of SWAT, H&iPE
SHETRAN/GOPC for modelling phosphorus export fromee catchments in Ireland. Water Research,
pp.1065-1073.

Ewen, J., O’'Donnell, G., Burton, A. and O’'Connd¥,E. (2007) Errors and uncertainty in physicallgdxh
rainfall-runoff modelling of catchment change etéedournal of Hydrology, 330, pp. 641-650.

Birkinshaw, S.J. (2008) Physically-based modellioig double-peak discharge responses at Slapton V
catchment. Hydrological Processes, 22, pp. 1419.143

Bathurst J. C., Ewen J., Parkin G., O’Connell Paid Cooper, J. D. (2004) Validation of catchmentats for
predicting land-use and climate change impact&Ili8d validation for internal and outlet respongesirnal of
Hydrology, 287, pp.74-94.

41,

Voo

Versions

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,Contact: Professor P.E. O'Connell Professor ofeWResources Engineering Department of Civil Engiimg
twniversity of Newcastle Newcastle upon Tyne NE1 7RH
(44) (0) 191 222 6319

p.e.o’connell@ncl.ac.uk
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Website:http://www.ceqg.ncl.ac.uk/shetran/
Cost: Software fees and license applied
Training Available: No.

Bathurst, J.C., 1986. Sensitivity analysis of tlyst&m Hydrologique European for an upland catchnientrnal of Hydrology 87, 103-123.
Birkinshaw, S.J., and Ewen, J., (2000). Nitrogemsformation component for SHETRAN catchment rettaansport modelling. Journal of

Hydrology 230, pp.1-17.

Nasr, A, Taskinen, A, and Bruen, M (2005) Develgpam independent, generic, phosphorus modellingpooent for use with grid-oriented,

physically based distributed catchm

HSPE

ent models. Watence and Technology, Vol. 51, no. 3-4, pp.133-

A comprehensive package for simulation of catchnigmirologic and associated water quality processepervious and impervious land

surface, in the soil profile, and in str

eams and-mexed impoundments.

Model Type (lumped or distributed
event-based or continuous
Hydrological unit

)Quasi physically-based, semi-distributed, contirsuou
Hydrological unit: Pervious/Impervious land segment

Origin (development an

maintenance)

dThe origin of HSPF was that of the Stanford Catahinidodel (SWM) (Crawford and Linsley, 1966) whiclasy

have assisted in the development of the Hydrolbdgimmulation Program — FORTRAN (HSPF). In additig
HSPF model system integrates other EPA existingetsogthich include the Agriculture Runoff Managem
Model (ARM), the Non Point Source (NPS) Model, dnel Hydrocomp Simulation Program (HSP).

Platform (PC?), Operating Syste
Open source?, GIS-based (wi
GIS?), Computer Languag
Visualisation facilities

eComputer Language: FORTRAN 77.

nPlatform: PC
n&perating Systems: Unix, DOS

Open source?: Yes
GIS?. YES, ARCView
Visualisation Facilities: WMS 7.0 (Watershed Modelling System), BASINS, ARV, EXPERT system

re-written using the FORTRAN programming languafieen numerous modifications and code enhancements

Pathways and processes modelled

HSPF uses corgimaonfall and other meteorologic records to corapstreamflow hydrographs ai

nd

pollutographs. HSPF simulates interception soilstooe, surface runoff, interflow, base flow, sn@ek depth
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and water content, snowmelt, evapotranspiratiord ground-water recharge. It also simulates sedir
detachment and transport, sediment routing bygarsize, channel routing and reservoir routing.

nent

Inputs (data requirements)

Data needs for HSPFedensive. HSPF is a continuous simulation progash requires continuous data
drive the simulations. As a minimum, continuoushfai records are required to drive the runoff moaed
additional records of evapotranspiration, tempeeatand solar intensity are desirable. A large Ioemof model
parameters can also be specified although defalles are provided where reasonable values arkalaleai

to

Outputs

HSPF produces a time history of the rufioff rate, sediment load, and nutrient and pesti@ddncentrations
along with a time history of water quantity and kifyaat any point in a catchment. Simulation resutain be
processed through a frequency and duration analysige that produces output compatible with cortemal
toxicological measures (e.g., 96-hour LC50).

Calibration Method

Manual, PEST (Parameter Estonatool) in WinHSPF

Parameters

A very large number of physically-bamedmeters (USEPA, 2000).

Water quality constituents

pH, temperature, dissbhoxygen, biochemical oxygen demand (BOD), ammonitite, nitrate, organi
nitrogen, orthophosphate, organic phosphorus, phgméton, zooplankton, pesticides, conservativesalf
coliforms.

Case Studies / Publications

Cho, J. , Barone, VaAd Mostaghimi, S. (2009). Simulation of land uspacts on groundwater levels a
streamflow in a Virginia watershed, Agricultural WaManagement, Vol. 96, Issue 1, pp. 1-11

Hunter, H. M. and Walton, R. S. (2008). Land-u$ieats on fluxes of suspended sediment, nitroget
phosphorus from a river catchment of the Greati&aReef, Australia, Journal of Hydrology, Vol. 338sues 11
2, pp.131-146.

Ribarova, I. , Ninov, P. , and Cooper, D. (2008ndeling nutrient pollution during a first flood ent using
HSPF software: Iskar River case study, Bulgarialégical Modelling, Vol. 211, Issues 1-2, pp 241624

Xu, Z. , Godrej, A. N. and Grizzard, T. J. (200The hydrological calibration and validation o€@amplexly-
linked watershed-reservoir model for the Occoquatevshed, Virginia, Journal of Hydrology, Vol. 348sues

an

3-4, pp. 167-183
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Johnson, M. S. , Coon, W.F. , Mehta, V. K., Steéhll. S., Brooks, E. S. and Boll, J. (2003). Agadion of
two hydrologic models with different runoff mechamis to a hillslope dominated watershed in the eadtern
US: a comparison of HSPF and SMR, Journal of Hydywl Vol. 284, Issues 1-4, pp. 57-76.

Assumptions and Limitations

HSPF assumes thatStenford Watershed Model" hydrologic model is appiaie for the area being modeled.
Further, the instream model assumes the receivaigrbody model is well-mixed with width and depiid is
thus limited to well-mixed rivers and reservoirgpAcation of this methodology generally requireeam effort
because of its comprehensive nature.

Versions

HSPF11, HSPF12.1, WinHSPF

documentation), Cost, Easy to U
(?) / training available

How to obtain Model (contactsContacts: U.S. Geological Survey, Hydrologic AnaySoftware Support Program

437 National Center, Reston, VA 20192
h2osoft@usgs.gov

Model available: Official versions of U.S. GeologiSurvey water-resources analysis software are
available for electronic retrieval at: http://watexgs.gov/software/and via anonymous File TranBi@tocol
(FTP)

Cost: Free of charge

USEPA, (2000). BASINS Technical Note 6: Estimatimgdrologic and hydraulic parameters for HSPF. ER&-B-00-012, United States
Environmental Protection Agency, Office of WateB@8), USA.

TOPMODEL

TOPMODEL is a collection of modules to predict tieéative amount and spatial distribution of subacef infiltration excess, and saturation
excess overland flow based on surface topograpthgaihproperties.

Model Type (lumped or distributed
event-based or continuous

) semi-distributed, variable contributing area congeapmodel

Hydrological Unit

Hydrological Unit: storage elements divided baseddopographic index.
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Origin (development an
maintenance)

dTOPMODEL (a TOPography based hydrological MODEL)swaeveloped by Prof. K. Beven of Lancas
University, UK.

ter

Platform (PC?), Operating Syste
Open source?, GIS-based (wh

mRlatforms. PC
n&perating system: Windows, DOS

GIS?), Computer LanguageGl S?: TOPMODEL is integrated in GRASS GIS version 5

Visualisation facilities

Computer Language: FORTRAN 77
Open Source: yes
Visualisation Facilities. PV Wave, Water Information System (WIM) of HR Wiadjford.

Pathways

Surface runoff is computed based on \Jarighturated areas, subsurface flow using a sirapponential
function of water content in the saturated zonear@iel routing and infiltration excess overland flane
considered in the model. The structure of the maoaith regard to interception and root zone stor|
compartments is variable, allowing much flexibility simulated different systems. Time steps shbeldn the
range of an hour to represent surface runoff pelks.length of the simulation period depends oratlalability
of precipitation and evapotranspiration input ddtae spatial component requires a high quality Dehgital
elevation model) without sinks.

age

Inputs (data requirements)

Rainfall, observed riangdirograph, potential evapotranspiration

Outputs Runoff hydrograph, baseflow
Calibration Method Automatic also uncertainty gsal routine Generalised Likelihood Uncertaintyistion (GLUE).
Parameters Parameters are intended to be physicadirpretable and their number is kept to a mumm Critical

parameters: saturated zone parameter, the saturatesinissivity values, and the root zone paramaek in
large catchments a channel routing velocity.

Water quality constituents

No

Assumptions and Limitations

» Precipitation is considered uniform over the catehtn

» All precipitation infiltrates unless the solil istgeated at a particular location.

* Total runoff is composed of both surface runoff ant-surface flows

» Surface runoff is calculated by considering theeekbf saturated contributing areas on the basis of
topographic index curve.

» Soil moisture is depelted by evapotranspiratignsitbsurface flow and by percolation.

» The permeability of the upper soil layers is vage and decays exponentially with depth.
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* Downslope movement of water in the saturated zswukiven by gravty and is a function of local
topography.

» There is no downslope movement of water in thelléay fringe of the unsaturated zone.

» Sub-surface flows are calculated by integrating epace a steady-state equation for flow in sagdrat
porous media (i.e. a groundwater flow equation)

Case Studies / Publications

Hydrological Processes Volume 11 Issue 9, page8 20855 (1997), TOPMODEL special Issue.

Campling,P., Gobin, A., Beven,K. and Feyen,J. (30B2infall-runoff modelling of a humid tropicaltcament:
the TOPMODEL approach. Hydrological Processes, el 6, pp. 231- 253.

Le Lay, M., Saulnier, G.-M, Galle, S., Seguis, Mg tadier M. and Peugeot, C. (2008). Model repred®on of
the Sudanian hydrological processes: ApplicatiothenDonga catchment (Benin). Journal of Hydrology3,
pp. 32 — 41.

Xiong, L. and Guo S. (2004). Effects of the catchtmenoff coefficient on the performance of TOPMQDi&
rainfall-runoff modelling. Hydrological Process&glume 18, pp. 1823 — 1836.

Versions

TOPMODEL 95.02, STOPMODEL

How to obtain Model (contacts
documentation), Cost, Easy
use (?) / training available

5,Contacts: TOPMODEL is available from Prof. Keith Beven, Qenfor Research in Environmental Systems
t&tatistics, Institute of Environmental and Natusaiences, Lancaster University, Lancaster LA1 4g, e-
mail: K.beven@lancaster.ac.uk

Cost: The model use is free for teaching and reseaucposes. Any other application should be negotiatitl

the author.

and

NAM

Hydrological unit

Model Type (lumped or distributed
event-based or continuoys,

)is a deterministic conceptual lumped hydrologicadei
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Origin (development an
maintenance)

dDeveloped by Nielsen and Hansen of the Institutélydrology and Hydraulic Engineering, at the Techh
University of Denmark. The NAM rainfall runoff israodule of DHI's MIKE 11 modelling suite

Platform (PC?), Operating Syste
Open source?, GIS-based (wh

GIS?), Computer Language@pen Source: NO

Visualisation facilities

mRlatform: PC
n&perating System: Windows

Computer Language: FORTRAN
GlS-based: MIKE 11 GIS, ArcGIS (linked through Temporal AnalysMIKE software)
Visualisation Facilities: MIKE 11 GIS, MIKE View

Pathways and processes modelled

uses a conceppuasentation of the hydrological cycle and produzdime series of catchment runoff 3
subsurface contributions to stream flow. The sinaglasatchment runoff is split conceptually intoeiar
components: what the model terms surface runofrfamd flow), interflow and baseflow. The definiiiof the
model’s baseflow component is groundwater flow lagiméhe groundwater table that interacts with tindase
water system. NAM model which simulates rainfalhoff processes on a catchment scale by contint
accounting for water content in four inter-relagtdrage zones. These storages are snow storafgeesstorage
a lower or root zone storage and groundwater stordge amount of water that recharges the grourey
storage depends on the soil moisture content imabezone. The groundwater flow is estimated usiriopear
storage-discharge relationship.

ind

lally

vat

Inputs (data requirements)

The basic requiremeanrtshle model are meteorological data (time serfemaimfall and evapotranspiratio
temperature, and radiation), stream flow data hedlefinition of physical catchment parameters

—

Outputs

The output of the model is tabular datadéwaalance, net rainfall, potential/actual
evapotranspiration and groundwater recharge), ianelderies data of all discharge
components and storage components.

Calibration Method

Automatic calibration based the Shuffled Complex Evolution (SCE) (ptimisatiom several objective
functions simultaneously) , See Madsen(2000)

Parameters

There are nine catchment parametee(serface water and two groundwater
parameters) that can be adjusted according to qddyend mathematical constraints in
NAM, see Madsen(2000) for the description and gmssange of values of these parameters.

Water quality constituents

No

Case Studies / Publications

érup,J., Refsgaard, J., and Mazvimavi, D. (1998)eAssg the effect of land use change on catchnoeaiffr

Draft --- 203



Pathways Project

Review of Catchment ManagemealsT

by combined use of statistical tests and hydrokdgimodelling: case study from Zimbabwe. Journal
Hydrology , Vol. 205, pp. 147-163.

llias, A., Hatzispiroglou, J., Baltas, E., and Alsasadou-Partheniou, E. (2005), ‘Application of t&M Model
to the Ali-Efenti Basin’. Wessex Institute of Teddogy Conference: RIVER BASIN MANAGEMENT
Bologna, Italy, 6-8 September, 2005.

Madsen, H. (2000). Automatic calibration of a cquoel rainfall-runoff model using multiple objeotis. J.
Hydrol. 235, pp. 276-288.

Assumptions and Limitations

Versions

documentation), Cost, Easy
use (?) / training available

How to obtain Model (contacts,To obtain Model: Contact DHI Agent: CDM, 87/89 Mbiampton Road 1st Floor

tonnybrook , Dublin 4, IRELAND
Att: Alan G. Hooper

Telephone: +353-1-663-2900
Facsimile: +353-1-663-2888

E-mail: hooperag@cdm.com

Training available. Visit: http://www.dhigroup.co8dftware/Training.aspx
Cost: contact DHI for license

Madsen, H. (2000). Automatic calibration of a cgstaal rainfall-runoff model using multiple objeatis. J. Hydrol. 235, pp. 276—288.

RORB
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RORB is a runoff and streamflow routing programdute calculate hydrographs from rainfall and ottleannel inputs in both rural and urban

catchments.

Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

) semi-distributed, conceptual, event-based hydrolsgnulation model

S,
Hydrological unit: catchment division into sub-ase@® — 15). The sub-division is on watershed linettsat
hydrographs calculated at the downstream boundafigsb-areas include all of the contributing anpatream.

Origin (development
maintenance)

an

dThe RORB runoff routing software was developed imitthe Water Group of the Department of Ci
Engineering by Eric Laurenson and Russell Mein. [Hbtest version (RORB Version 6, 2008) is the restia
collaboration between Monash University (Russeliffland Sinclair Knight Merz (Rory Nathan), withpgort
from the Melbourne Water Corporation.

Vil

Platform (PC?), Operating Syste
Open source?, GIS-based (wl
GIS?), Computer Languag
Visualisation facilities

eComputer Language: FORTRAN95

mPlatform: PC
n&perating System: Windows 95 and above, DOS

GlSbased: YES see reference below (Coroza et al, 1997)
Visualisation Facilities: Graphical Editor, Winteracter Graphical User ifgee

Pathways and processes modelled

It subtracts |&ssagainfall to produce rainfall-excess and reutkis through catchment storage to prod
the hydrograph. It can also be used to designdiegbasins and to route floods through channelows.

uce

Inputs (data requirements)

Can consist of raimfiala catchment area or direct inflow to the chasgslem.

Outputs

Principal output: Runoff hydrographs at aogle of the model and/or channel outflows to efilustreams. Othe
possible outputs: hyetographs of rainfall and edlrgxcess, formatted listings of the data.

11

Calibration Method

Manual

Parameters

Physically based. Therefore for unghogiehments thus information from derived regiageédtionships can b
used for estimation of parameter values.

[¢)

Water quality constituents

none

Case Studies / Publications

Segond, M.-L., Whe#ier$. , Onof, C. (2007). The significance of splatainfall representation for floo
runoff estimation: A numerical evaluation basedlos Lee catchment, UK. Journal of Hydrology, Vo7,
Issues 1-2, pp.116-131.

Selvalingam, S. Liong, S. Y., and Manoharan, P(1©87). Use of RORB and SWMM models to an ur

pan
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catchment in Singapore, Advances in Water Resouvt@ame 10, Issue 2, pp. 78-86.

Coroza, O., Evans, D., and Bishop, I. (1997). Echmn runoff modeling with GIS, Landscape and Ur}
Planning, Volume 38, Issues 1-2, pp. 13-23.

Kuczera, G. (1990). Estimation of runoff-routing deb parameters using incompatible storm data, dbwh
Hydrology, Volume 114, Issues 1-2, pp. 47-60.

Sun, X., Mein, R. G., Keenan, T. D., and ElligttF. (2000). Flood estimation using radar andgaiige data
Journal of Hydrology, Volume 239, Issues 1-4, pi84

Dan

Versions

V1 (1975), V2 (1978), V3 (1981), V4 (198V5% (2005), V6 (2008).

How to obtain Model (contacts
documentation), Cost, Easy to U
(?) / training available

5,Cost: Free of charge

ddow to obtain Model: RORB6 (http:/civil.eng.monasthu.au/expertise/water/rorb/obtain),
http://www.skmconsulting.com/Markets/environmemgdburce_management/RORB+Download.htm
Training: RORB workshops (taking place in Austrdia3 times a year)

or

Enquiries: RORB@eng.monash.edu.au

HEC-1

Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

) Single storm event, lumped, conceptual parametelemo

S,

Hydrological unit: Basin represented as an inteneated system of hydrologic and hydraulic compa
(subbasins).

ent

Origin (development
maintenance)

an

dDeveloped by the Hydrologic Engineering Centre (HIE@n organization within the Institute for Wa
Resources, US Army Corps of Engineers in Davisif@ala (1968)

er

Platform (PC?), Operating Syste

rPlatform: PC
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Open source?, GIS-based (wh&pen Source: no

GIS?), Computer Languag
Visualisation facilities

Computer Language: ANSI standard FORTRAN77
Visualisation Facilities: HECDSS, Watershed Modelling System (WMS)7.0
GlISbased?: Linked with ARC INFO

Pathways and processes modelled

These process=parated into precipitation, interception/inéitton, transformation of precipitation
excess to subbasin outflow, addition of basefldegd hydrograph routing, and reservoir routing

Inputs (data requirements)

precipitation hyetograpiserved hydrograph, solar radiation, temperatured

Outputs Discharge
Calibration Method Automated parameter estimatising the unit gradient search method (Zakermoshét@l., 2008)
Parameters See Zakermoshfegh et al., 2008. Atsmsel in HEC(1998).

Water quality constituents

No

Case Studies / Publications

Smemoe, C. M. Nelsod, Bnd Zhao, B. (2004). Spatial averaging of lasél and soil properties to devel
the physically-based Green and Ampt parameterdt€-1. Environmental Modelling & Software, Vol. 1
Issue 6, pp. 525-535.

Muzik,l. (2002). First-order analysis of the climmathange effect on flood frequencies in a subalpiatrshed
by means of a hydrological rainfall-runoff modedudnal of Hydrology, Vol. 267, Issues 1-2, pp. 65-7

Duru, J.O., and Hjelmfelt, A. T. (1994). Investigg prediction capability of HEC-1 and KINEROS &matic
wave runoff models. Journal of Hydrology, Vol. 15%5ues 1-4, pp. 87-103.

Smith, D. P. and Bedient, P. B. (1981). Prelimyjnaodel of an urban floodplain under changing laise,
Journal of Hydrology, Vol. 51, Issues 1-4, pp. 1185.

Maskey, S., Guinot, V., and Price, R. K. (2004)ediment of precipitation uncertainty in rainfallhoiff
modelling: a fuzzy set approach. Advances in WB&sources, Vol. 27, Issue 9, pp. 889-898.

Limitations and Assumptions

Limitations:
» Simulations are limited to a single storm due ®@®ftct that provision is not made for soil moisture

recovery during periods of no precipitation.
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The model results are in terms of discharge andtagie, although stages can be printed out by the
program based on a user specified rating curve.

equations which are required for very flat riverpss.

gates are operated to reduce flooding at downstleeaions.

Streamflow routings are performed by hydrologictioy methods and do not reflect the full St. Venan

Reservoir routings are based on the modified Rualsrtiques which are not appropriate where reservai

Versions

Version 1 (1968), Version 2.0 (1973), Wars3.0 (1981), Version 4.0 (1991), Version 4.0(1891), HEC-HMS

How to obtain Model (contacts
documentation), Cost, Easy to U
(?) / training available

5,How to obtain Model:
geost: Free of charge
Technical Support: Is not provided to nom-Corpgsise

Documentation: Available from website (http://wwwdiusace.army.mil/software/legacysoftware/heclth
documentation.htm).

Lecture DVDs available to order (http://www.hec ecsarmy.mil/training/dvd_catalog.html)

ecl

Zakermoshfegh, M., Neyshabouri ,S.A.,

and Lucas(2008). Automatic Calibration of Lumped ConceptRainfall-Runoff Model Using

Particle Swarm Optimization. Journal of Applied&ues, Vol. 8, No. 20, pp. 3703-3708.

Hydrologic Engineering Center (HEC), 1998. HEC-ad€l Hydrograph Package V4.1, User's Manual US A@oyps of Engineers

609 Second Street, Davis, CA 9561

Aagricultural Nonpoint Sour ce Polluti

6, USA.

on Modd (AGNPS)

Model Type (lumped or distributed
event-based or continuous

) Distributed model (catchment divided into cells)

Can simulate both single events and continuous@eriwas event-based up to mid 1990’s)
Hydrological Unit: AGNPS considers the catchmenbéadivided into square cells

Origin (development
maintenance)

an

dJointly developed and maintained by the USDA - Agjtural Research Service (ARS) and the Nat

Resources Conservation Service, U.S. The modebnspased of several modules enabling users to dpv

appropriate input parameters for evaluations of bemagement practices using simulations for tivatershed
system.

Platform (PC?), Operating Syste

rPlatforms. Windows, DOS

ural
el
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Open source?,
GIS-based (what GIS?), Compuf
Language, Visualisation facilities

Operating System: MS-DOS, UNIX(Solaris 2.5)

g61S: AGNPS Arcview (V4.00) interface, Grass GIS
Computer Language: standard FORTRAN 77, BORLAND C
Visualisation facilities: ARCView and GRASS GIS

Sour ce code available?: YES

Pathways

Surface runoff (SCS Curve method), streantiing (no transmission losses)

Inputs (data requirements)

Daily precipitation, maxm and minimum temperature, dew point temperatkg cover, and wind speed, and

pollutant loads

Outputs

hydrology, with estimates of both runoffune and peak runoff rate; (2) sediment, with eates of upland
erosion, channel erosion, and sediment yield; artidemts (both sediment attached and dissolvediy, wi
estimates of pollution loadings to receiving cells.

|

Calibration Method

Automated runoff calibratiorafere

Parameters

Sensitive factors and parameters tjségpsanalysis by Liu et al (2008)): rainfall quiaty, SCS-CN curve
number, Energy intensity, manning’'s coefficientjl srodibility, cropping factor, practice factorertilizer
application, fertilizer available, land shape, atape length.

Water quality constituents

Soluble and attachedemts (nitrogen, phosphorus, & organic carbon) amglnumber of pesticides.
Sediment yield by particle size class and soureealculated.

Versions

AnnAGNPS is the pollutant loading modelngdule designed for risk and cost/benefit analy8aaAGNPS is
the next generation AGNPS 5.0 model developed bpAIS
Old single-event versions: AGNPS 4.03 & 5.00

Application (Case studies)

Liu, J., Zhang, L., Zhaiy., Hong, H., Deng, H. (2008). Validation of agricultural non-point sourc
(AGNPS) pollution model for a catchment in the dng River watershed, China. Journal of Environmie
Sciences, v 20, n 5, pp. 599-606.

Jaepil, C., Seugwoo, P., Sangium, I. (2008).Evalnabf Agricultural Nonpoint Source (AGNPS) modelr {
small watersheds in Korea applying irregular cellirteation. Agricultural Water Management, v 954,npp.
400-408.

nta

Bhuyan,S., Koeliker, J., Marzen,L., Harrington,0q3). An integrated approach for water quality assent of
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a Kansas watershed. Environmental Modelling andn#oé, v 18, n 5, pp. 473-484.

How to obtain Model (contacts
documentation), Cost,

/ training available

Contacts: Ron Bingner, Lead ARS Scientist, Prdjéahager, Ron.Bingner@ars.usda.gov

Fred Theurer, Lead NRCS Sciegti®rogrammer, Co-Project Manager, Fred.Theurer@uarnet
Homepage: http://www.ars.usda.gov/Research/doc8dunid=5199
Cost: Free of charge

or Fred Theure

To obtain Model: register online and contact Ron ndgier
http://www.wsi.nrcs.usda.gov/products/W2Q/H&H/Toddodels/agnps/

Training : http://www.wsi.nrcs.usda.gov/products/@/BI&H/Tools Models/agnps/training.html

Soil Water and Assessment Tool (SWAT)

Model Type (lumped or distributed
event-based or continuous

) Semi-empirical, continuous model- has a daily tstep. Fully distributed.

Hydrological modelling unit: hydrologic responsatan

Origin (development an

maintenance)

dThe Soil and Water Assessment Tool (SWAT) modek iphysically-based, distributed catchment mg

developed by Dr. Jeff Arnold for the USDA agricuilResearch Service (ARS) to predict the impadand
management practices on water, sediment and agmalthemical yields in large complex watersheidh w
varying soils, land use and management conditioes long periods of time.

del

Platform (PC?), Operating Syste
Open source?,
GIS?), Computer
Visualisation facilities

Languag

Rlatform: PC
GIS-based (wh@&perating System: Windows, DOS
e!

Sour ce code available?: Yes
Computer Language: FOTRAN 90

Gl S-based?: ArcGIS 9.1 ArcGIS 9.2
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Visualisation facilities; ArcSWAT, AVSWAT, MPSWAT, and VIZSWAT

Pathways and processes modelled

Surface runof€olaéion, Evapotranspiration, transmission losgemd and reservoir storage, irrigatid
shallow and deep groundwater flow, reach routingrient and pesticide loading, water transfer.

n,

Inputs (data requirements)

Geographical data (DBEMI| map, landuse map), weather data (rainfall,pexation, relative humidity
temperature, solar radiation and wind speed), failunputs (land application of nutrients and jpeds).

Outputs Daily flow, pollutant loads
Calibration Method Both manual and automated catiibn
Parameters K. Eckhardt, J. G. Arnold (2001). Autienzalibration of a distributed catchment modelurhal of Hydrology,

Volume 251, Issues 1-2, pp. 103-109.

Spruill, C.A., S.R. Workman, and J.L. Taraba (20@ijnulation of daily and monthly stream dischafgenm
small watersheds using the SWAT model . Transastidrthe ASAE, Vol. 43(6), pp. 1431-1439.

Vandenberghe V., A. van Griensven and W. Bauwe®81R Sensitivity analysis and calibration of f
parameters of ESWAT: Application to the river Dend#/ater Science and Technology, Vol.43(7), pfa-201.

Eckhardt, K., L. Breuer, and H.-G. Frede (2003)aReeter uncertainty and the significance of sinraddand
use change effects. Journal of Hydrology. Vol. 278), pp. 164-176.

he

Water quality constituents

Nitrogen, Phosphorustipieles, bacteria, and sediments

Case Studies / Publications

Comprehensive listbafuaa 500 article in SWAT website https://www.caadtate.edu/swat_articles/, so
examples are:

Arnold, J.G., Allen, P.M., Bernhardt, G., 1993. dntprehensive surface-groundwater flow modeHydrology 142, 47-69.

Arnold, J.G., Williams, J.R., Srinivasan, R., Kinl§,W., Griggs, R.H., 1994SWAT, Soil and Water Assessment TQBDA,
Agriculture Research Service, Temple, TX 76502.

ne

Versions

SWAT98.1, SWAT99.2, SWAT2000 and SWAT20BSWAT, SWAT-G,
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How to obtain Model (contactsContacts: Jeff Arnold&Hydraulic Engineer ARS-Ten®lgarnold@spa.ars.usda.gov
documentation), Cost, Easy to use Nancy Sammons&Computer SpecidlRS-Temple& nsammons@spa.ars.usda.gov
(?) / training available Raghavan Srinivasan & AgricultiEagineer TAES-Temple& r-srinivasan@tamu.edu
Mauro DiLuzio & Research AssociaiteES-Temple& diluzio@brc.tamus.edu

Cost: Free of charge except for VIZSWAT
To obtain Model: SWAT Web site http://www.brc.tamedu/swat/
SWAT Documentation: http://www.brc.tamus.edu/swat/ttml

SWAT User's Group: http://groups.google.com/growpisiser

Training: available (see SWAT website http://wwie.bamus.edu/swat/edu.html)

IHACRES
IHACRES stands for Identification of unit HydrogregpAnd Component flows from Rainfall, Evaporatiom &treamflow data.

Model Type (lumped or distributed)Jumped hybrid conceptual-metric model as it use®rceptual module to estimate the effective rdirdat a

event-based or continuoystransfer function module to convert effective ralhinto streamflow.

Hydrological unit

Origin (development andThe model is the result of collaboration betweemn Itistitute of Hydrology, Wallingford, UK and theusétralian
maintenance) National University, Canberra

Platform (PC?), Operating Systep®latform: PC
Open source?, GIS-based (wh&perating System: Microsoft Windows, Mac OS X

GIS?), Computer LanguageGIS: No
Visualisation facilities Visualisation tool: incorporated in model (3D visualisation, chartd graphs)

Open Source: Yes
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Computer Language: Java

Pathways and processes modelled

The core of thelncodsists of a non-linear loss module that casveinfall into effective rainfall, and
linear routing module that converts effective ralhinto streamflow.

Inputs (data requirements)

Time series of obserardall, temperature or evapotranspiration, ansieobed streamflow

Outputs

(i) A time series of modelled streamflow peoduced, along with multiple statistics which ctése the
characteristics of each series (ii) modelled cataiimwvetness index time series (iii) unit hydrogsaglv)
hydrograph separation (in many cases) into domiwggmntk and slow flow components; and (v) indicat]
uncertainties associated with the unit hydrogramiameters.

Calibration Method

In the PC-IHACRES version of tihodel, the parameter optimization methodologg aseinstrumental variab
technique to identify the unit hydrograph paranset&he parameters of the non-linear storage aeetsel by a
semi-automatic search of the parameter space.

Parameters

9 parameters.

Water quality constituents

No

Case Studies / Publications

Croke, B.F.W. and Aakeman (2004), "A Catchment Moisture Deficit medtdr the IHACRES rainfall
runoff model”, Environmental Modelling and Softwavel 19, pp 1-5.

Dye P.J. and B. F. W. Croke (2003), "EvaluationssEamflow predictions by the IHACRES rainfall-rdih
model in two South African catchments”, Environna¢iodelling and Software, vol 18, pp 705-712.

Croke, B.F.W., Andrews, F., Jakeman, A.J., Cuddi.Sand Luddy, A. (2006) IHACRES Classic Plus:
redesign of the IHACRES rainfall-runoff model? Enavimental Modelling and Software, 21, pp. 426-427.

Mcintyre, N. and Al-Qurashi,A. Performance of tamfall-runoff models applied to an arid catchment
in Oman. Environmental Modelling & Software 24 (20026—738.
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Carcano, E., Bartolini, P., Muselli, M., and Pirgdd (2008) Jordan recurrent neural network verstACRES
in modelling daily streamflows. Journal of Hydroyog62, pp.291— 307.

Assumptions and Limitations

Versions

V1, V1.1, V1.2, Version 2.0.1, Version.R,Version 2.1.1, Version 2.1.2

How to obtain Model
documentation), Cost, Easy to U
(?) / training available

(contacts,To obtain Model: Catchment Modelling Toolkit welaskittp://www.toolkit.net.au/Tools/IHACRES/license

g8ost: Free of Charge
Contacts: Integrated Catchment Assessment and Mareg Centre
http://icam.anu.edu.au/
School of Resources, Environment and Society
Building 48A Linneaus Way
The Australian National University
Training workshops are available on demand. ConitecProduct Manager for details or
see www.toolkit.net.au/training.

Ease of use: For operational and research usesyral svorking knowledge of hydrology is required. &s
educational tool for exploring the performance amrdponse characteristics of rainfall-runoff modeaisime

knowledge of computer modelling is desirable

Hydrological Rainfall Runoff M odel

(HYRROM)

Model Type (lumped or distributed
event-based or continuous

YJHYRROM is a lumped, conceptual rainfall runoff mbde

Origin (development
maintenance)

an

dDeveloped at Centre for Ecology and Hydrology(falmnéstitute of Hydrology), Wallingford.

Platform (PC?), Operating Syste
Open source?, GIS-based (wh
GIS?), Computer Languag
Visualisation facilities

nPlatform: IBM compatible personal computers
n&perating System: MS-DOS

eVisual Facilities. Output is in the form of colour screen graphicsonhcan be copied to a plotter or graph

printer if required.

Open Source: No
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Gl S-based?: No
Computer Language: FORTRAN

Pathways and processes modelleg

The model usesoticept of stores to keep account of the passhgater through a catchment. hydrau
state of the catchment. These stores can fillngotg during a simulation, and provide a contribatto runoff
which varies with the volume of water they cont&our stores are used: a surface routing storgtarception
store, a soil store and a groundwater store.

Inputs (data requirements)

For calibration, the eh@dquires a sequence of catchment average faam@dlriver flow records. Either daily

or monthly records can be used. Evaporation datst also be provided, preferably on a daily or mynttasis.
However, if these are not available, annual datayothesized values, may also be used.

Outputs Time series of flow
Calibration Method Manual and Automatic optimipatiprocedure (the Rosenbrock method)
Parameters It has a total of 9 parameters wrabtdrohine the behaviour of the flows and of theestor

Water quality constituents

No

Case Studies / Publications

The model has beenausmassfully on a wide range of hydrological stadboth in the United Kingdom and

abroad.

Davidson, J., Savic, D., Walters, G. (2003). Syntbahd numerical regression: experiments and agijbics
Journal of Information Sciences , 150, pp. 95-117

c

Wilcock,D. and Wilcock,F. (1995). Modelling the hgtbgical impacts of channelization on streamflow

characteristics in a Northern Ireland catchmenH$AAISH Publication, n231, Modelling and Managemeht

Sustainable Basin-Scale Water Resources Systems.

Versions

How to obtain Model (contacts

5,Contacts: Helen A Houghton-C4
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Wallingford, Oxfordshire
OX10 8BB
United Kingdom
Tel: +44 (0)1491 69233
Telefax:: +44 (0)1491 69223

Email: hom&ceh.ac.uk

Cost: A charge applies

Avalilability: It is now obsolete. It is a DOS pragn installed from floppy disks (dated 1991) witlcheic
graphics drivers which mean that the DOS user saeeorrupted and difficult to use. The model aslanger
supported.

Documentation: The software is accompanied by geehensive user manual in English.

Ease of use: The program has been designed toshdcease, with no requirements to understand dnepaiter
operating system or the structure of the data .fil&utput is in the form of colour scres

graphics which can be copied to a plotter or gregprinter if required.

KINEROS2

The kinematic runoff and erosion model (KINEROS)

Model Type (lumped or distributed
event-based or continuoy
Hydrological unit

)event oriented, physically based, distributed matésicribing the processes of interception, infilrg surface
s;unoff and erosion from small agricultural and urbeatersheds
Hydrological unit: Overland flow elements

Origin (development
maintenance)

an

dUSDA-Agricultural Research Service, TUSCON, Arizona

Platform (PC?), Operating Syste
Open source?, GIS-based (wh
GIS?), Computer Languag
Visualisation facilities

eOperating System: DOS based PC with x86DX or pentium processor

nPlatform: The source code has been successfully compileduandn MS DOS and Windows PCs, as wel
n&un, Silicon Graphics and Digital (VMS) workstatson

Open Source: YES

Computer L anguage: FORTRAN 77

as

Gl S-based: GIS Grass Interface, ArcView
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Visualisation Facilities: can use own GUI, Automated Geospatial Watersheggssnent (AGWA) tool

Pathways and processes modelled

A rainfall recestrnibing the rainfall rate pattern is used to $ateuthe runoff over a catchment of ratk

arbitrary complexity. The catchment is describecahyabstraction into a tree-like network sequericaidaces
and channels.
The infiltration algorithm will handle a two-layeoil profile and incorporates a new method, basedal
physics, to redistribute soil water during rainfallerruptions. Runoff is routed with an implicibite difference
solution of the kinematic wave equation. Erosiorsimulated as a simple transport process operatitiy
erosive detachment from splash and hydraulic ssumesquilibrium with settling based on particid f/elocity.
The model allows pipe flow and pond elements as alinfiltrating surfaces, and includes a panyiglaved
element to use in urban area simulation.

ner

Inputs (data requirements)

Parameters must be toplégscribe the network, the characteristics ohedement, and the rainfall.

Outputs

For any element, KINEROS2 can list runatéry interpolated rainfall rate and sediment disggaate by particlg
class at each time, as well as a water volume edichent mass balance summary.

Calibration Method

Manual, AGWA provides an inter¢ to adjust the most sensitive KINEROS paramédbgrsa commorn
multiplier. Parameters for either plane or chareglements can be increased or decreased uniforrly tisis
interface.

Parameters

The number and type of parametersreedquaries, depending on the type of element aednimber of
processes represented. For example, a simpleviopsmlane requires only length, width, slope Bahning n
or Chezy C. At the other end of the spectrum,radirg, infiltrating plane with a two-layer soigpresented b
five particle size classes, with spatially varialdaturated conductivity, subsurface rock and iefaing
vegetation will require a total of 18 paramete3f course, parameter values do not necessarily lvatyeen
elements, and neighboring elements often diffey onlength, width and slope.

Water quality constituents

No only sediments

Case Studies / Publications

Kalin, L., Govindardfu, Hantush,M.(2003) Effect of geomorphologicotaion on modeling of runof
hydrograph and sedimentograph over small watersldedsnal of Hydrology, Vol 276, Issues 1-4, pp-189.

J.Obiukwu Duru, Allen T. Hjelmfelt Jr. (1994). Irstggating prediction capability of HEC-1 and KINERC

kinematic wave runoff models, Journal of Hydroloyp|157, Issues 1-4, pp 87-103.
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Miller, S., Semmens, D., Goodrich, D., Hernandez, Miller, R., Kepner, W., Guertin, D.(2007) Tk
Automated Geospatial Watershed Assessment toolirdimeental Modelling & Software, Vol 22, Issue
Special section: Advanced Technology for Environtaellodelling, pp. 365-377

Assumptions and Limitations

KINEROS?2 is a proceasedl runoff model that simulates the productioaxaiess rainfall and its conversion
surface runoff under conditions of infiltration-@ss (Hortonian overland flow). Where hydrologicp@sse is
heavily driven by other processes (e.g. saturaiaess, variable source area) KINEROS2 should @aipbplied.
Being an event-model, KINEROS2 is most successapiylied for discrete events in which rainfall adnility is
adequately captured. As such, rainfall is a mayuaitihg factor in terms of the scale of applicati(aze of the
watershed) of KINEROS2 in AGWA. KINEROS2 uses theeknatic simplification of runoff for overland ar
channel flow and is not suitable for applicationlanger streams or rivers in which low slopes assoaiated
backwater effects are significant. The model istneffectively applied in overland-flow dominatedeas such a|
semi-arid or urbanized watersheds where rainfatieffuprocesses control hydrologic response andrghoater
contributions are either negligible or well quaietf (Miller et al, 2007).

d

Versions

KINEROS, KINEROS2

How to obtain Model (contacts
documentation), Cost, Easy to U
(?) / training available

5,Carl Unkrich

seouthwest Watershed Research Center
USDA-ARS

2000 East Allen Road

Tucson, AZ 85719

USA

Phone: (520) 670-6380-178

Fax: (520) 670-5550

e-mail: unkrich@tucson.ars.ag.gov

Website: http://www.tucson.ars.ag.gov/kineros/
Cost: Free of Charge
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s

Documentation: Documentation can be found onlinth@tKINEROS2 web site, including PDF versions rod
online documents. Copies of the user manual flwlB90 release of KINEROS are available upon tque

Tutorial: Sample of input file available at webdititp://www.tucson.ars.ag.gov/kineros/

Generalized Watershed loadings Function (GWLF) AVGWLF

Model Type (lumped or distributed
event-based or continuou
Hydrological unit

)GWLF is considered to be a combined distributedflechparameter watershed model. For surface loadirgg;,
glistributed in the sense that it allows multiplexdause/cover scenarios, but each area is assumébe

homogenous in regard to various attributes constlby the model. Additionally, the model does ruatglly
distribute the source areas, but simply aggreghtetoads from each area into a watershed totaithar words
there is no spatial routing. For sub-surface logdthe model acts as a lumped parameter model asimgter
balance approach.

It is a continuous simulation model which usesydaiihe steps for weather data and water balanaailediions.
Monthly calculations are made for sediment andientioads, based on the daily water balance aclaietuto
monthly values.

Open source?,
GIS?), Computer
Visualisation facilities

GIS-based (wi

Origin (development angd Developed by Haith and Shoemaker at the Departraemgricultural and Biological Engineering Cornell
maintenance) University
Platform (PC?), Operating Systep®Rlatform: PC

n&perating System : PC-DOS, Windows
LanguageComputer Language: BASIC, Visual BASIC

Visualisation facilities: ArcGIS interface (Penn State AVGWLF; Tetra TeclcWew for BasinSim )
Open Source: no
Gl S-Based: ArcGlIS interface

Pathways and processes modelled

The GWLF modelda®\vhe ability to simulate runoff, sediment, amdrient (N and P) loadings from
watershed given variable-size source areas (ggcustural, forested, and developed land). It &las algorithms

a
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for calculating septic system loads, and allowslierinclusion of point source discharge data.

GWLF models surface runoff using the SCS-CN apgroaith daily weather (temperature and precipitgtion

inputs. Erosion and sediment yield are estimatadgusionthly erosion calculations based on the US
algorithm (with monthly rainfall-runoff coefficiea} and a monthly composite of KLSCP values for esalrce
area (e.g., land cover/soil type combination). disent delivery ratio based on watershed size atrdresport
capacity based on average daily runoff are thetieappo the calculated erosion to determine sedingietd for
each source area. Surface nutrient losses aremdeger by applying dissolved N and P coefficientstoface
runoff and a sediment coefficient to the yield mortfor each agricultural source area. Point sodiseharges
can also contribute to dissolved losses and am@figgkin terms of kilograms per month. Manuredaaeas wel
as septic systems, can also be considered. Urliaeniunputs are all assumed to be solid-phase tla@ mode
uses an exponential accumulation and washoff fonctor these loadings. Sub-surface losses are latdcl
using dissolved N and P coefficients for shallowuwdwater contributions to stream nutrient loadsl, the sub-
surface sub-model only considers a single, lummdmeter contributing area. Evapo-transpiration
determined using daily weather data and a covdorfatependent upon land use/cover type. Finallwager
balance is performed daily using supplied or comgudrecipitation, snowmelt, initial unsaturated e@torage
maximum available zone storage, and evapotrangpiraalues.

S5LE

Inputs (data requirements)

daily precipitation and temperature data and rusotfrce areas

Point source discharge and concentration

Outputs

Monthly streamflow, monthly watershed esnsand sediment yield, monthly total nitrogen ahdgphorus loag
in streamflow, annual erosion from each land usd,annual nitrogen and phosphorus loads from eaxhuse.

Calibration Method

Manual

Parameters

Transport parameters: runoff curve numbers, se# actor, evapotranspiration cover coefficiengugidwater
recession and seepage coefficients, and sedimivergeaatio
Chemical parameters: urban nutrient accumulatieesyalissolved nutrient concentrations in runaficl aolid-

phase nutrient concentrations in sediment
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Water quality constituents sediment, and total@sdolved nitrogen and phosphorus

Assumptions and Limitations Assumptions

It is a distributed model by land use but ignotesgpatial location within a land use in a subveited
A unit (watershed or subwatershed) is divided sudace, unsaturated zone, and saturated zone
Pollutant parameters values are based on datpartiaular study area

Limitations

Simplifications in stream transport and water gyaimulation

Simulation of peak nutrient fluxes is weak becaaisenstant concentration is used
Highly simplified flow routing

Groundwater inflow represented using a user-defreedssion coefficient
Stormwater storage and treatment are not considered

Case Studies / Publications Ning, S., Chang, Mg,JK., Tseng, Y. (2006). Soil erosion and non-pswurce pollution impacts assessment
with the aid of multi-temporal remote sensing imgg#ournal of Environmental Management, Vol 79uds§,
pp. 88-101.

Tournoud, M.-G., Payraudeau, S., Cernesson, HesS&. Origins and quantification of nitrogen itginto a
coastal lagoon: Application to the Thau lagoon i€eg, Ecological Modelling, Volume 193, Issues Special
Issue on Southern European Coastal Lagoons - 8dl&pers from the Conference on Southern Europeat
Coastal Lagoons: The Influence of River Basin--Galagone Interactions, Ferrara, Italy, 10 - 12 Nober
2003, 5 March 2006, Pages 19-33.

Yu-Pin Lin, Pei-Jung Wu, Nien-Ming Hong (2008), Téfects of changing the resolution of land-use etiod
on simulations of land-use patterns and hydrologyd watershed land-use planning assessment in WWu-T
Taiwan, Landscape and Urban Planning, Vol. 87 dswpp. 54-66
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Versions AVGWLF, GWLF

How to obtain Model (contactsCost: Free of charge

documentation), Cost, Easy to yseocumentation: can be downloaded from: http://wwigvelf.psu.edu/download.htm
(?) / training available Training available: unknown

Contacts: Dr. Barry M. Evans

Penn State Institutes of the Environment

The Pennsylvania State University

128 Land and Water Research Building

University Park, PA 16802

(814) 865-3357

bmel@psu.edu
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