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Welcome and Introductions

Rula Deeb, Ph.D.

Webinar Coordinator
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Webinar Agenda

 Webinar Overview and ReadyTalk Instructions

Dr. Rula Deeb, Geosyntec Consultants (5 minutes)

 Overview of SERDP and ESTCP, and webinar series 

goals

Ms. Cara Patton, SERDP and ESTCP (5 minutes)

 Watershed Modeling and Assessment to Sustain and 

Enhance Military Mission and Training

Dr. David C. Goodrich, USDA-ARS (25 minutes + Q&A)

 Optimization of Stormwater Modeling Approach

Ms. Heidi Howard, ERDC-CERL (25 minutes + Q&A)

 Final Q&A session
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How to Ask Questions

6

Type and send questions at 

any time using the Q&A panel
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In Case of Technical Difficulties

 Delays in the broadcast audio

• Click the mute/connect button

• Wait 3-5 seconds

• Click the mute/connect button again

• If delays continue, call into the conference line
− U.S./Canada: 1-877-776-3503

− International: 330-871-6014

− Required conference ID: 14257638

 Submit a question using the chat box
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SERDP and ESTCP

Overview

Cara Patton

SERDP ESTCP Support Office (HGL)

Resource Conservation and Climate 
Change Program Area
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SERDP

 Strategic Environmental Research and 
Development Program

 Established by Congress in FY 1991
• DoD, DOE and EPA partnership

 SERDP is a requirements driven program 
which identifies high-priority environmental 
science and technology investment 
opportunities that address DoD requirements
• Advanced technology development to address 

near term needs

• Fundamental research to impact real world 
environmental management
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ESTCP 

 Environmental Security Technology 

Certification Program 

 Demonstrate innovative cost-effective 

environmental and energy technologies

• Capitalize on past investments

• Transition technology out of the lab

 Promote implementation

• Facilitate regulatory acceptance
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Program Areas

1. Energy and Water

2. Environmental Restoration

3. Munitions Response

4. Resource Conservation and 

Climate Change

5. Weapons Systems and 

Platforms
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Resource Conservation and 

Climate Change Focus Areas
 Natural Resources

• Ecological forestry

• Arid lands ecology and management

• Cold regions ecology and management

• Pacific island ecology and management

• Coastal and estuarine ecology and 
management

• Living marine resources ecology and 
management

• Species ecology and management

• Watershed processes and management

 Climate Change
• Vulnerability and impact assessment

• Adaptation science

• Land use and carbon management

 Air Quality
• Fugitive dust

• Fire emissions
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DATE Topics

January 14, 2016 Vapor Intrusion: Regulatory Update and 

Demonstration/Validation of Passive Samplers

January 28, 2016 Water Conservation

February 11, 2016 Chromate/Hazardous Material Free Coating Systems for 

Military Aircraft and Ground Support Equipment

February 25, 2016 Munitions Response

March 10, 2016 Fate, Transport and Effects of Insensitive Munitions

March 24, 2016 Cadmium and Chromate Elimination Efforts: Implementation 

Plans and Strategic Roadmaps for Three DoD Depots

April 7, 2016 Resource Conservation and Climate Change

April 21, 2016 Long Term Monitoring Issues at Chlorinated Solvent Sites
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http://serdp-estcp.org/Tools-and-

Training/Webinar-Series
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SERDP and ESTCP Webinar Series

Watershed Modeling and 

Assessment to Sustain and Enhance 

Military Mission and Training

David Goodrich, Ph.D.

U.S. Department of Agriculture

Agricultural Research Service (USDA-ARS)



SERDP and ESTCP Webinar Series (#24)

Agenda 

 Motivation 

 Hydrology and watershed modeling 

background

 Model calibration, validation and uncertainty

 Model use in the context of observations and 

model uncertainty 

 Overview of projects

 Conclusions
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Motivation

 DoD manages ~30 million acres of land

 Training and mission requirements impact

• Land cover, erosion, flooding, water quality

 Stewardship, compliance and sustainability 
require management of impacts

• NEPA, Clean Water Act

 DoD Rule 4715.03 

• Watershed-based management 

• Minimize impacts to wetlands, groundwater and 
surface waters on or adjacent to installations 
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Implication of the CWA (Section 303d)

 If a body of water is polluted beyond water 
quality standards, it is listed as impaired 

 For impaired waters, must develop a Total 
Maximum Daily Load (TMDL)

• Maximum amount of a pollutant that a water 
body can receive and still safely meet water 
quality standards

 TMDL can trigger possible training and 
land use restrictions
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Watershed Monitoring and Modeling

 Quantitative assessments 
of mission impacts on 
waters is a difficult task 
requiring expensive 
monitoring efforts

 Watershed models, if 
verified, can compliment 
monitoring and allow 
evaluation of impacts and 
management scenarios
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Hydrology Background

 Simple water balance

• Infiltration is f (soils, land cover/use, compaction, soil moisture)

• Evapotranspiration is f (weather, soils, plants, land use, soil moisture)

Watershed models attempt to represent these processes using 

mathematical equations or empirical relationships

20

Runoff = Precipitation – Infiltration –

Evapotranspiration + Δ Storage
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Classification of Watershed Models

21

Deterministic Stochastic

Distributed Lumped

Grid based
Subwatershed/

Sub-element

No 

distribution

EmpiricalHybridFundamental

Laws

Probabilistic Time series
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Distributed Watershed Model Data

 Digital Elevation Model
• USGS 10m – 30m DEM 

• LIDAR can be used

 Soils
• USDA STATSGO – national; SSURGO where available

• FAO soils globally

 Land Use - Land Cover (NLCD, ReGAP)

 Precipitation and weather
• If not using design storms - “good” rainfall data is essential 

in time/space (more later)

 Management information - where and what
• Information must be provided by user (i.e., training and 

location)
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Topograph

y

Land Cover

Soils

Piñon Canyon Maneuver Site 
Before and After June 2015 Brigade 

Level Training 
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Approximations in Watershed Modeling

 Homogeneous planes

 Hydrologic parameters (e.g. 
infiltration rates, hydraulic 
roughness) represent 
intersections of topography, 
cover, and soils

 Information loss as f 
(geometric complexity or 
number of model elements)

 Scaling issues

 Parameters computed via 
weighted averaging 

23

Watershed modeling relies on condensing spatial data into appropriate units for 

representing processes models require calibration for quantitative predictions
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Model Calibration and Validation

 All models are wrong – some are useful!

 Calibration and validation 
• Undertaken to provide some confidence the model is making 

“useful” predictions (more on “useful” to follow) 

• Model predictions of runoff and/or water quality are compared to 
observations (graphs, metrics, statistics, outliers)
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Model Accuracy and Uncertainty

 Dependent on many factors

• Proper process conceptualization

• High quality (time and space) precipitation data

• Good watershed characterization data

 Model sensitivity and variance analysis

• When input, state and/or model parameters are 

highly sensitive

• Uncertainties in those items will impart substantial 

uncertainties into the model predictions 
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Impacts of Rainfall Spatial Variability on Runoff

26

Rainfall Isohyets on PCMS Taylor 

Watershed (48 mi2), Oct 11, 2008

outlet

Ave. of 6 rain 

gauges

Single gauge 

at outlet

Simulation Results
Hyetograph and Hydrographs at 

Taylor Outlet
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Sobel Variance Analysis

 Model run setup 

• 6.5 km2 watershed

• Monte-Carlo 

simulations 

(~100,000)

• 23 parameter 

modifiers (Hillslope, 

channel and initial 

conditions)

• Successful forecasts
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Technical Progress

 Taylor Arroyo Watershed EC Dams
• LiDAR used to characterize ponds 

behind the dams, for stage-discharge 
input to the model

• 111 EC Dams, 65 appear in the LiDAR

• Developed inputs for generic 
dam/pond sizes

• Evaluating AGWA/KINEROS results for 
runoff

28

Reduction of runoff 

peak in stream 

reaches
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Model “Usefulness” and Objectives*

 Model “Usefulness” depends on modeling objectives

 Exploratory: initial comparisons or beta model development
• Are trend and directions of predictions correct?

• Is mass conserved?

 Planning: management planning, conservation 
implementation, or policy formulation
• Relative change and ranking to prioritize mitigation expenditures

 Regulatory/legal: regulatory, legal, and/or human health 
implications
• Requires greater model accuracy

 Interplay between monitoring and modeling

*Not mutually exclusive nor cover entire spectrum of modeling 
applications but represents general categories that warrant differing 
expectations related to model performance
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Interpret Model Results Considering 

Intended Use
 Interpretation

• High precision and high accuracy provides confidence in 
predicted values 

 Recommendations
• Appropriate for exploratory, planning, and regulatory/legal 

uses

 Guidance is being developed 
by the hydrologic modeling 
community for acceptable 
levels of
• Model accuracy

• Measurement uncertainty

• Model uncertainty

(Harmel et al., 2014)
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Interpret Model Results Considering 

Intended Use
 Interpretation

• High measurement uncertainty 
prevents definitive model 
accuracy conclusions 

 Recommendations
• Appropriate for exploratory uses

• Ok for planning, but high 
measurement uncertainty 
should be reported and 
considered in scenario analysis

• Consider additional data 
collection

• Inappropriate for regulatory/legal 
uses
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Interpret Model Results Considering 

Intended Use
 Interpretation

• Model uncertainty is low but low 
model accuracy reduces 
confidence in predictions

 Recommendations

• Ok for exploratory uses but low 
accuracy should be reported and 
well justified

• Inappropriate for planning, 
regulatory/legal uses

• Determine cause of low model 
accuracy and either refine model or 
select a more appropriate model
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Overview of Projects

 Common objective of three projects

• Evaluate the worth of data and observations for improving 

model accuracy and reducing uncertainty

 Projects

• Better Assessment Science Integrating point and Nonpoint 

Sources (BASINS) Modeling System with enhancements for 

military-specific applications (Donigian et al.; RC-201307)

• The Hydrological Simulation Program-Fortran (HSPF) 

combined with the Hydrologic Engineering Centers River 

Analysis System (HEC-RAS) (Johnson et al.; RC-201302)

• The Automated Geospatial Watershed Assessment (AGWA) 

coupled with the Facilitator multi-objective Decision Support 

Tool (Goodrich et al.; RC-201308)
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Technical Objectives 

(Donigian, RC-201307)
 Demonstrate and validate BASINS Modeling 

System components for TMDL assessments at 
military installations

• Advanced management scenario analyses – unpaved 
road design, stormwater analysis at a subwatershed 
scale, and climate non-stationarity 

• Demonstration at Fort Benning, GA; Fort AP Hill, VA
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Technical Objectives 

(Johnson, RC-201302)
 Demonstrate and validate a linked watershed 

and riverine modeling system (Hydrological 
Simulation Program [HSPF]-Hydrologic 
Engineering Centers River Analysis System 
[HEC-RAS]) for DOD installations

35

Fort Hood, TX Calleguas Creek Watershed, CA 

Demonstration sites
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Technical Objectives

(Goodrich, RC-201308)
 Refine and demonstrate the 

Automated Geospatial Watershed 

Assessment (AGWA) tool coupled 

with the Facilitator Decision Support 

Tool (DST) for scientifically-based 

watershed assessments
• Aid base managers in preserving and 

expanding their mission

• Meet stewardship requirements in 

support of training

 Demonstrate at DoD installations
• Piñon Canyon Maneuver Site, CO

• Fort Bliss, TX

• Fort Carson, CO
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Progress to Date

 Fort Hood demonstration completed

 Calleguas Creek underway

 Fort Benning demonstration nearly 

complete

 Fort AP Hill underway

 Piñon Canyon Maneuver Site underway

 Two additional demonstration installations 

are in the process of being identified
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Preliminary Results

 Training can have significant impacts on runoff and 
water quality both locally and off base which could 
result in regulatory restrictions

 Preserving and expanding the training mission 
requires informed watershed management and 
scenario analysis with models

 Management practices (erosion control dams) must be 
characterized and incorporated into the model 
watershed representation

 Data richness versus model performance 
• Blind model validation only partially successful

• Accuracy of precipitation data is critical to model success
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Preliminary Results (Continued)

 Greater investments in observations, 
especially precipitation gauges and stream 
flow are warranted at data sparse 
installations to ensure useful model 
predictions and management decisions. 

 Enhanced observations and trustworthy 
watershed models can effectively:
• Identify areas at risk for excessive flooding and 

erosion

• Target mitigation resources to minimize training 
impacts and preserve training mission 
requirements
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SERDP and ESTCP Webinar Series

For additional information, please visit
https://www.serdp-estcp.org/Program-

Areas/Resource-Conservation-and-Climate-

Change/Natural-Resources/Watershed-Processes-

and-Management/RC-201308

Speaker Contact Information

Dave.Goodrich@ars.usda; 520-603-2194
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Additional Slides

David Goodrich
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Technical Approach: 

Data Richness vs. Model Performance

42

Conditional Data 

Scenarios
Data Requirement Data/Knowledge 

Restriction(s)

Blind Validation Additional time series data 

to extend modeling 

simulation

New flow data not 

used in calibration

Incremental 

Recalibration

Hydrologic flow data from 

three new gages

Adding new data from 

the new gages one at 

a time and 

recalibrating

Applying Non-

calibrated Parameters

Regional maps, soils data, 

and other parameter 

guidance available from 

public sources

No data from new 

stream gages. 

Modeler has no 

knowledge of previous 

model calibration

Data Quality USGS Gage Rating 

System

NA

A set of conditional data scenarios 

designed to incorporate different amounts 

of data to model set up and calibration
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Data Richness vs. Model Performance 

43
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Technical Progress – Fort Hood

 Lessons learned
• There were a number of lessons learned in regards to the 

performance of the models at this demonstration site. Good 
meteorological gage data that reflect the watershed weather 
conditions are necessary for applying the HSPF-only and 
the linked model to the demonstration site in order to fairly 
evaluate the model performance. In the selection of future 
demonstration sites, meteorological gages need to be 
identified within the watershed boundaries and not rely 
solely on gages outside the watershed boundary

• The HSPF-only and linked model were not capable of 
modeling surface water and ground water interactions, 
therefore, this technology may not be applicable for the sites 
where the surface water (stream flow) are heavily affected 
by ground water
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Technical Progress – Fort Hood

 Lessons learned (Continued)
• In developing a continuous period of record for sediment, or other 

constituents, there needs to be sufficient field samples for the period of record 
covering a range of storm events. If there are not sufficient samples to 
develop a comprehensive period of record then the USGS LOADEST model 
results should not be useful in computing performance statistics (e.g., NSE, 
RSR and PBIAS) and thus only visual comparisons between model results 
and field samples should be used in evaluating model performance

• The climate change (sensitivity) analysis did not provide useful results or 
insight. In order to properly evaluate climate change scenarios we would need 
to develop downscaling techniques and extract predicted weather input data 
from multiple climate models. This level of effort is outside the scope of what 
we proposed for this demonstration study so we intend to drop this analysis 
for the next two demonstration sites

• Finally, while we did perform a cursory field trip to assess watershed features 
within House Creek watershed, additional field investigation and survey may 
have helped us better characterize key features within the watershed and 
thus improve model results. For the next two demonstration sites we will 
spend more time in the field to better understand key features as well as 
spend more time, before we begin model setup, with our local study partners 
going over existing data and gaining a better understanding of watershed 
features that need to be accounted for within the models
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HSPF Model Results
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Optimization of Stormwater 

Modeling Approach

Heidi R. Howard 

U.S. Army Engineer Research and 
Development Center
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Agenda

 EISA 438 background

 Modeling approaches 

 Model selection tool

 Preliminary results

 Usefulness and LID applications

 Conclusions
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Motivation

 Title 42, USC, Chapter 52, Section 17094, Section 438 

Energy Independence and Security Act, December 2007 

“Storm Water Runoff Requirements for Federal 

Development Projects”
• Meet pre-hydrologic and hydraulic conditions post construction

• Utilize Low Impact Development (LID) Best Management 
Practices (BMP)

• When disturbance of 5,000 square feet or more (new or retrofit)

 Refocus typical planning and stormwater management 
practices with a “paradigm shift” to LID BMPs as 
solutions
• Army Stormwater Management LID Guidance September 2015

• Now required to track and report pre-post results
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Modeling Approaches

 Three approaches approved by EPA for EISA 
438 compliance
• 95th Design Storm Event 

• Continuous Simulation (SWMM)

• Continuous Simulation with Optimization 
(SUSTAIN)

 Significant difference in cost, time and 
potentially final design results

 How does one select the most appropriate 
approach to ensure compliance at the 
minimum volume/cost possible?
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Modeling Approaches

53

95th Percentile Matching Pre-Development Hydrology

(or Water Quality Objective)

How can we determine which 

compliance strategy is best? 

• Soils

• Rainfall

• Regulations

Installation 

Data

Design 

Storm

Continuous 

Simulation

Continuous Simulation w/ 

Optimization
or or
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Modeling Approaches

54

Installation 

Data

Design 

Storm

Continuous 

Simulation

Continuous Simulation w/ 

Optimization
or or

STORMI

HC ACS+O

ACS

ADS

Analytical Elements BMP Size

Minimum Cost Compliance Strategy

Model Selection Toolbox (MST)
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Design 
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Optimization
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Model Selection Tool

 Phase I: Model Selection 
Tool
• Accurately determine the 

minimum-cost/volume 
compliance strategy for 
widely ranging conditions

 Phase II: Stormwater 
Management Optimization 
Toolbox
• Fully demonstrate minimum 

cost/volume compliance 
strategy at two installations
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Verification of MST

 Demonstration
• Assessed 208 

installations – down 
select to 45

• Applied MST in 
widely varying 
conditions 

 Verification
• Compare selected 

approach to 
approach from EPA 
models

 Objective 
• 95% accuracy when 

cost differences are 
>10%
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Results to Date

58
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Verification of MST

 Demonstration

• Full-scale EPA 

models at 2 

installations

 Verification

• Compare results 

from MST to EPA 

models 

 Objective 

• Consistent model 

approach selected
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MST Usefulness

 Rapid selection of “appropriate” modeling 

approach

 Reduces costs for “over modeled” efforts

 Identifies the approach most likely to 

secure more than 10% savings on BMP 

size

• Increased ability to optimize placement of 

BMP’s across your installation
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Usefulness and LID Applications

 Sizing and tracking tools
• Excel environment

○ Graphic User Interface (GUI) for navigation

• Seamless integration of detailed modeling results
○ Size BMPs for new developments

• Tracking and accounting
○ Historical projects

○ New development and corresponding BMP

○ Demolition credit

• Compliance report generation
○ BMP design information

○ BMP hydrologic benefits

○ Cost information
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Usefulness and LID Applications

 BMP planning tools
• Formats

○ Conceptual design fact sheets

○ Conceptual design reports

○ BMP master planning

• Linked to model output
○ Tracking

○ Trading

○ BMP sizing

• Project-scale prioritization and selection
○ Ranked by efficiency

○ Ranked by effectiveness

○ Ranked by multiple benefits
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Tracking Projects and Reporting

63

GUI for Tracking

Reporting Tools
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BMP Optimization
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Retrofits
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Conclusions

 The MST has the ability to inform end users 
on the most appropriate modeling approach 
to use on your installation 

• Documentation for the modeling approach 
selected

 Significant savings possible for DoD

• Modeling efforts

• BMP sizing

 Primary benefit of this work -- Knowledge for 
the end user community! 
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For additional information, please visit
https://www.serdp-estcp.org/Program-

Areas/Resource-Conservation-and-Climate-

Change/Natural-Resources/Watershed-Processes-

and-Management/RC-201305

Speaker Contact Information

Heidi.R.Howard@usace.army.mil; 217-373-5865 
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The next webinar is on 

January 14, 2016

“Vapor Intrusion: Regulatory Update and 

Advances in Assessment Tools”
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Survey Reminder

Please take a moment to complete the 

survey that will pop up on your screen 

when the webinar ends


