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WARMF Version 6.2* 
A Decision Support System for Watershed Management 

In response to the shift from command and control to watershed based planning, a revolutionary watershed decision 
support system called Watershed Analysis Risk Management Framework (WARMF) was developed by Systech Engi-
neering under sponsorship from Electric Power Research In-
stitute (EPRI). It is a tool designed to support the watershed 
approach. It guides stakeholders to develop and evaluate 
water quality management alternatives for a river basin. It 
takes them through a series of steps and presents them with 
information in a logical manner so that they can understand 
their watershed and make informed decisions. WARMF also 
provides a procedure to calculate the total maximum daily 
load (TMDL) of pollutants. WARMF has undergone several 
peer reviews by independent experts under EPA guidelines and is now available in the public 
domain via USEPA (http://www.epa.gov/athens/wwqtsc/). 

WARMF is a decision support tool 
for watershed management 

WARMF is organized into five (5) 
linked modules under one, GIS-
based graphical user interface 
(GUI).  The Engineering module is 
the dynamic, simulation model that 
drives WARMF.  The Data module 
provides time series input data 
(meteorological, point source) and 
calibration data.  The Knowledge 
module is a utility to store impor-

tant documents for the water-
shed.  At the center of WARMF are 
the two watershed approach mod-
ules for Consensus building and 
TMDL calculation.  These two mod-
ules are roadmaps that provide 
guidance for stakeholders during 
the decision making process.    

 

Structure of WARMF  

The Five Modules of WARMF 

WARMF can help answer an endless number of water resource and 
water quality questions such as:  

• What are the cumulative water quality impacts under various 
watershed management scenarios? 

• What are the trade-offs with sewer extension vs. onsite waste-
water systems? 

• How will regional growth affect water quality? 

• How will increased water diversions affect hydrology and water 
quality? 

• Will BMPs be effective for nonpoint load reduction? 

• What is the TMDL for a 303d listed stream? 

Questions WARMF Can Answer  

*Now available in the Public Domain 
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• Santa Clara Watershed (CA) 

• Turtle Creek Watershed (IN) 

• Catawba River (NC, SC) 

• Truckee River (CA, NV) 

• Cheat River (WV) 

• Chartiers Creek (PA) 

• Blue River (CO) 

• Hockanum (CT) 

• Oostanaula Creek (TN) 

• Holston River (VA, TN) 

• Mica Creek (ID) 

• Santa Margarita River (CA) 

• Napa River (CA) 

• Techi Reservoir (Taiwan) 

• Kyungan River (Korea) 

WARMF Applications  

Features of WARMF  

Total Phosphorus loading in 
the Catawba River Basin 

• Accounts for controls on atmospheric deposition, 
point source loads, and BMPs for nonpoint source 
loads 

• Evaluates cost sharing schemes for pollution trad-
ing 

• Determines the failure risk of a management plan 

• Integrates models, databases, and graphical 
software into a map-based tool 

• Links catchments, river segments, and lakes as 
a seamless river basin model 

• Walks stakeholders through a consensus road-
map for watershed planning 

• Calculates TMDLs to meet water quality criteria 
for beneficial uses 

• Uses readily available data from NOAA, EPA, 
USGS 

• Predicts hydrology and water quality of rivers 
and lakes 

• Models: 
• nutrients, bacteria, dissolved oxygen 

• acid mine drainage (AMD)  

• loading from onsite wastewater systems 

• mercury loading, fate, and transport 

• sediment transport 

• periphyton in rivers 

• algae in stratified reservoirs 

• Displays sources of point and nonpoint loading 
using GIS maps 

• Displays water quality status in terms of suit-
ability for fish habitat, swimming, water supply, 
and other uses with red and green color codes 

WARMF Applications 
in the United States 

• San Joaquin River Basin (CA) 

• Mokelumne River Watershed (CA) 

• San Juan Basin (NM,CO,AZ,UT) 

• St. Louis River (MN) 

• Duluth Streams Watershed (MN) 

• White River (CO) 

WARMF has been  
applied to many  
watersheds including:  
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The engineering module is a dynamic watershed 
simulation model that calculates daily runoff, ground 
water flow, hydrology and water quality of river seg-
ments and stratified reservoirs. WARMF divides a 
watershed into land catchments, stream segments, 
and lake layers. Land catchments are further divided 
into canopy and soil layers. These watershed com-
partments are connected to form a network for hy-
drologic and water quality simulations.   

The land surface is characterized by its land uses 
and cover, which may include forested areas, 
agriculture lands, or urbanized cities.  Daily pre-
cipitation, which includes rain and snow, is de-
posited on the land catchments. WARMF per-
forms daily simulations of snow and soil hydrol-
ogy to calculate surface runoff and groundwater 
accretion to river segments. The water is then 
routed from one river segment to the next down-
stream river segment until it reaches the termi-
nus of the watershed. The associated point and 
nonpoint loads are also routed through the sys-
tem. Heat budget and mass balance calculations 
are performed to calculate the temperature and 
concentrations of various water quality constitu-
ents in each soil layer, river segment, and lake 
layer.  

The algorithms of WARMF were derived from many well 
established codes. Algorithms for snow hydrology, 
groundwater hydrology, river hydrology, lake hydrody-
namics and mass balance for acid base chemistry were 
based on the ILWAS model. Algorithms for erosion, 
deposition, resuspension, and transport of sediment 
were adapted and modified from ANSWERS. The pollut-
ant accumulation on land surface was modified from 
the Storm Water Management Model (SWMM). Instead 
of using export coefficients, the algorithm for mixing 
and washoff was used to simulate the processes that 
generate nonpoint source loading. The first order decay 
of coliform and BOD and its impact on dissolved oxy-
gen follows the traditional water quality models. The 
sediment sorption-desorption of pesticides and phos-
phorus and the kinetics of nutrients and algal dynamics 
were adapted from WASP5.  

Engineering Module  

Data Module  

The Data Module contains meteorology, air quality, 
point source, reservoir release, and flow diversion 
data. It also contains observed flow and water 
quality data. The data can be accessed by clicking 
on the station location on the GIS map. Data is 
displayed in both graphical and tabular format and 
users can easily extend or update the database 
with new information.  

WARMF Catchment Input Dialog 

Blue River Watershed application of WARMF 

Meteorology data in WARMF’s Data module 
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Knowledge Module  

TMDL Module  

Consensus Module  

A Knowledge Module is a key component of any decision support sys-
tem.  Here, documents regarding regulations, case studies, TMDLs, or 
past modeling activities can be stored and accessed easily by model 
users.  The knowledge module may also contain supplemental data for 
the watershed or external spreadsheets required to generate model 
input.  

The watershed approach requires the calculation of 
total maximum daily load of pollutants. Two methods, 
top-down and bottom-up, have been proposed. In the 
top-down approach, the TMDL for the entire river ba-
sin is determined first. The basinwide TMDL is then 
allocated to individual point and nonpoint dischargers. 
In WARMF, however, we recognize that the waste dis-
charge is confined to the waterway. Each section of 
the waterway can have its own water quality problem, 
requiring a TMDL determination. Therefore, WARMF 
uses a bottom-up approach, in which TMDL calcula-
tions are made for a series of control points from the 
upstream to the downstream of a river basin. A road 
map is provided for the step-by-step calculation.  

In the watershed approach, stakeholders are the decision 
makers. This differs from the command and control ap-
proach, in which regulatory agencies made all decisions. 
Stakeholders are a diverse group with various back-
grounds, interests and concerns. They can represent state 
agencies, local governments, conservation organizations, 
water users, industries and Native American Tribes.  

The Consensus Module of WARMF provides information for 
stakeholders to make decisions. It does not make decisions 
for stakeholders. The decision making process is by con-
sensus. The idea is to divide the consensus building process 
into a 

series of steps. In each step, stakeholders are pro-
vided with pertinent information. Based on the infor-
mation, stakeholders can learn about the issues and 

reach a consensus. It is believed that a consensus plan has 
the best chance of being implemented. The outputs are dis-
played in colored maps and graphs, and/or tables. The water 
quality, in scientific terms of constituent concentrations, is 
translated to the easy-to-understand terms of whether the 
water can serve its beneficial uses. A map output will color 
water bodies suitable for a specified use in green and those 
not suitable in red. 

TMDL Module of WARMF 

Knowledge Module of WARMF 

Violation /  
Compliance maps 

in Consensus 
Module 

Consensus Module 
of WARMF 
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Selected WARMF Project Descriptions 

bration and TMDL development.  Hydro-
logic calibration was performed to match 
the hydrographs at 7 USGS gaging sta-
tions.  Water quality calibration was per-
formed to match pH, Fe, Mn, Zn, and Al 
concentrations at various monitoring 
stations.  EPA Region 3 used WARMF to 
calculate TMDLs of 53 water quality lim-
ited sections (WQLS) for pH, aluminum, 
iron, manganese, and zinc.  WARMF is 
currently being used to evaluate AMD 
pollution trading alternatives for the 
Cheat River watershed. 

WARMF was enhanced to simulate acid 
mine drainage (AMD) as nonpoint source 
loads. The adapted model was then ap-
plied to the Cheat River Basin of West 
Virginia (1400 mi2).  WARMF simulates 
pyrite oxidation as a function of oxygen 
content in soil voids. The oxidation prod-
ucts are transported to the river as acid 
mine drainage. The model simulates 
acid mine drainage as nonpoint source 
load, but treats it as point source load 
for load allocation (LA).  The data set of 
1989-1997 was used in the model cali-

Framework to Calculate TMDL of Acid Mine Drainage for the Cheat River, WV 
Client: EPA Region 3, State of West Virginia  

Muddy Creek of the Cheat River Basin with acid mine 
drainage 

the auspices of EPA Region 9. WARMF 
was enhanced to simulate periphyton, to 
handle water diversion and irrigation, 
and to simulate the effect of livestock 
fencing. Hydrologic and water quality 
calibrations were performed for 1990-
1997. Both WARMF and HSPF were ap-
plied to the Steamboat Creek subwater-
shed for model comparison, using the 

The Truckee River flows from Lake Ta-
hoe (CA) to Pyramid Lake (NV). The 
Lower Truckee River was 303d-listed for 
low DO, which was controlled by point 
source discharges and periphyton pro-
ductivity. WARMF was adapted to the 
Truckee River Basin (3000 mi2) for the 
cities of Reno and Sparks, as a subcon-
tractor to Carollo Engineers and under 

same data set of 1991-1995.  In support 
of the nitrogen TMDL revision, WARMF is 
being used to predict various future non-
structural load reduction alternatives 
including water augmentation, stream 
restoration, and septic system conver-
sion.  

Application of WARMF to Truckee River Basin, CA and NV 
Client: City of Reno,City of Sparks, Washoe County, NV  

calculate sediment transport in Muddy 
Creek.  WARMF tracked the high turbid-
ity reaching the downstream Catawba 
River and predicted a high sediment load 
to the downstream Lake Rhodhiss. The 
model simulation showed that high sedi-

ment concentration came from bank 
erosion.  The study led to the implemen-
tation of two bank stabilization projects. 

The Muddy Creek Watershed Restoration 
Initiative (MCWRI) seeks to improve 
water quality and aquatic habitat in the 
Muddy Creek Watershed and in the Ca-
tawba River.  In partnership with this 
organization, Systech applied WARMF to 

Sediment Load in Muddy Creek, NC 
Client: Duke Energy Company  

calculate nutrient TMDLs. The river is 
governed by complex hydrology includ-
ing intermittent reaches and sections 
where the river loses water to and gains 
water from the underlying aquifer. Pollu-
tion sources include municipal dis-
charges, agricultural and golf course 
runoff, and atmospheric deposition.  
Systech Engineering provided full sup-
port for the development of TMDLs in 
several impaired reaches of the water-
shed.  WARMF was then used by stake-

Watershed Analysis Risk Management 
Framework (WARMF) was applied to the 
Santa Clara River Basin (1600 mi2) to 

holders to develop allocations and imple-
mentation plans under the guidance of a 
facilitator. The stakeholder group re-
cently received a Water Quality Award, 
in part because they were able to agree 
on the sources of nutrients and strate-
gies for reducing them after using 
WARMF as a learning tool. (http://
www.swrcb.ca.gov/rwqcb4/html/
meetings/tmdl 
tmdl_ws_santa_clara.html) 

Nutrient TMDLS for Santa Clara River Basin 
Client: Los Angeles Regional Water Quality Control Board  

Santa Clara 
River, CA 

“The model simulation showed that 

high sediment concentration came 

from bank erosion.” 
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Rhein Interests, LLC of Charlotte, North 
Carolina applied for a permit for zoning 
changes in order to develop the Pali-
sades community (3600 acres) with golf 
course, low density residential, high 
density residential and commercial ar-
eas.  Mecklenburg County required a 
study of water quality impacts and in-
stallation of best management practices 
to minimize loading.  Systech applied 

WARMF to simulate the impact of the 
Palisades Development on suspended 
sediments, total phosphorus, and total 
nitrogen in eight coves of Lake Wylie. 
The model showed that the development 
will increase runoff, bank erosion, and 
high suspended sediments in the coves.  
BMPs were designed to reduce the peak 
flows. 

Water Quality Impacts of Palisades Development 
Client:   Rhein Interests, LLC  

A Sampling Station in the Palisades Development 

Selected WARMF Project Descriptions (cont.) 

to calculate a mercury TMDL. The total 
drainage area is 6400 miles2. A litera-
ture review was performed to identify 
the watershed processes that must be 
incorporated into WARMF. The enhanced 
WARMF models the fate of three species 
of mercury, i.e. elemental mercury Hg
(0), methyl mercury MeHg, and mercury 
salt Hg(II).  It calculated the transport 
of mercury from atmosphere to canopy, 

to land surface by throughfall and by 
litter fall, through soil horizons, to river 
segments, to riparian wetlands, to lake, 
and to fish flesh.  The mercury sources 
include point source discharges, mines, 
atmospheric deposition, and legacy mer-
cury contained in soil, which has been 
accumulated over many centuries.   

WARMF was applied to the St. Louis 
River Watershed, the Nemadji River 
Watershed, and the watersheds of Lake 
Superior north coast rivers in Minnesota 

Mercury TMDL for St. Louis River, Nemadji River, and Lake Superior North Coast Rivers of Minnesota 
Client: Minnesota Power  

Under an EPA Grant to the Colorado 
School of Mines, WARMF was enhanced 
to include a biozone formulation to proc-
ess septic tank effluent before release to 
soil layers. Model simulations were 
checked against laboratory experiments 
of sand columns dosed with septic tank 
effluent.  The model was field tested in 
the Dillon Lake Watershed (325 mi2), 
which has 1,500 OWS for vacation 

homes and residences.  Dillon Reservoir 
is a water supply reservoir for the City of 
Denver. WARMF can be used to evaluate 
the impact of OWS on receiving water 
quality and the projected loading change 
from conversion of OWS to centralized 
sewers.  

Modification of WARMF to Evaluate the Efficacy of Onsite Waste Water Systems  
Client: EPA National Decentralized Water Resources Capacity Development Project 

Schematic picture of an onsite wastewater system with a 
biozone layer 
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“WARMF models the fate of three 

species of mercury —elemental 

mercury Hg(0), methyl mercury 

MeHg, and mercury salt Hg(II).” 

Systech Engineers are not just WARMF users, but model developers.  We have authored the user's manual and technical docu-
mentation and conducted multiple WARMF training workshops. We have the ability to enhance WARMF for particular applications 
and can provide the best techincal support for any WARMF application. Because of our expertise, an application for a new water-
shed can be set up by Systech accurately and efficiently.   

In 2005, WARMF was released as a public domain tool via USEPA’s Ecosystem Research Division TMDL Modeling Toolbox (http://
www.epa.gov/athens/wwqtsc/).  WARMF is now compatible with EPA BASINS.  The data extraction and watershed delineation 
tools of BASINS can be used to set up a WARMF application.  Please contact Systech Engineering for more information regarding 
technical support of the public domain WARMF. 

Availability of WARMF  

Systech Engineering, Inc. 
3180 Crow Canyon Place 
Suite 260 
San Ramon, CA  94583 

Phone: 925-355-1780 
Fax: 925-355-1778 
www.systechengineering.com 
info@systechengineering.com 


