
Using Data to Support 
Watershed Protection and 

Restoration Decisions



CSI Watershed
You found the (water) body.

There were signs of a struggle.

What happened?



The 
evidence 
will come 
from lots of 
places . . .



Indiana Watershed Plan Checklist

• Watershed community
• Watershed inventory
• ID problems & causes
• ID sources, calculate loads
• Set goals, ID critical areas
• Select goals/indicators
• Choose BMPs/measures
• Action register & schedule
• Tracking effectiveness



Identify problems, causes, & sources
• How does water quality compare to 

criteria limits?
– What are the problem pollutants?

• What & where are the sources?
– We need to map their location & 

estimate their magnitude . . .



Causes



Sources



Building Conceptual Models

• Summarize hypotheses 
of perceived linkages 
between stressors and 
impacts

• Provide template for 
determining potential 
indicator measurements 
and management 
practices

Source

Cause

Cause

Impact

Impairment



Land use/cover impacts: sediment

• High upland erosion potential:
– Watershed slopes > 15%, row crops, 

active clearing/grading, erodible soils, few 
or no BMPs

• High stream channel erosion potential:
– Impervious area > 15-25%, overgrazed 

pastures (compacted soil), little or no 
stream vegetated buffer, active new 
development, few or no BMPs



Land use/cover impacts: nutrients

• High nutrient runoff potential:
– Animal feeding operations, overfertilized

crops and lawns, high density septic 
system installations near streams, 

• High nutrient point source potential:
– Concentrated animal feeding operations, 

wastewater treatment plants, municipal 
separate storm sewer systems (MS4s)



Land use/cover impacts: bacteria

• High priority bacteria sources:
– Poorly operated wastewater treatment 

plants, combined sewer overflows, high 
density septic systems near waterways, 
concentrated animal feeding operations 
near waterways

• Lower priority bacteria sources:
– Wildlife, pets in low concentrations, 

pastured livestock in upland areas



Calculating loads: what is a “load?”

• Maybe measured by weight
– Kilograms per day
– Pounds per week
– Tons per month

• Maybe not . . .  
– Concentration-based expression of the “load”

(e.g., milligrams per liter)
– # of miles of streambank needing stabilization 

or vegetation
– # of AFOs requiring nutrient plans



Data-driven Approaches
• Estimate source loads using:

– Monitoring data
• Periodic water quality 

concentrations and flow 
gauging data

• Facility discharge monitoring 
reports

– Literature
• Loading rates, often by land 

use (e.g., lbs/acre/year)
• Typical facility concentrations 

and flow



Is a Data-driven Approach 
Appropriate?

• Monitoring data
– Does it represent most 

conditions that occur (low 
flow, storms, etc.)?

– Are spatial and source 
variability well-
represented?

– Have all parameters of 
interest been monitored?

– Is there a clear path to a 
management strategy?



Load Estimates – Monitoring Data

• In simplest terms…
load = flow x concentration

• Load duration curves
– Flow-based presentation

• Statistical techniques
– Relationships between flow and concentration to 

“fill in the blanks” when data aren’t available
– Examples include:

• Regression approach
• FLUX



IDEM’s load calculation tool

• Need pollutant concentration averages & flow



Load Estimates – Literature
• Landuse-specific loading rates (typically annual)

• Multiply loading rate by area:
loadall = (arealu1 x loading ratelu1)+ (arealu2 x loading ratelu2) +…

• Generally for landuse or watershed-wide analysis

• Many sources:  Lin (2004); Beaulac and Reckhow
(1982), etc.

• Use with caution (need correct representation for 
your local watershed)
– Pollution sources

– Climate

– Soils



Example Load Estimation Based 
on Literature Values





Limitations of Data-Driven Approaches

• Monitoring data
– Reflect current/historical conditions (limited use 

for future predictions)
– Insight limited by extent of data (usually water 

quality data) 
• Often not source-specific
• May reflect a small range of flow conditions 

• Literature
– Not reflective of local conditions
– Wide variation among literature
– Often a “static” value (e.g., annual)



Example of Simple Model 
Application

• Spreadsheet Tool for Estimating Pollutant Load 
(STEPL) 
– Employs simple algorithms to calculate nutrient and 

sediment loads from different land uses 
– Also includes estimates of load reductions that would 

result from the implementation of various BMPs
– Data driven and highly empirical
– A customized MS Excel spreadsheet model
– Simple and easy to use



http://it.tetratech-ffx.com/stepl/default.htm



STEPL Process

BMP Load after BMPLoad before BMP

Runoff

Erosion/
Sedimentation

Sources

Cropland

Urban

Pasture

Forest

Feedlot

Others

STEP 1 STEP 2 STEP 3 STEP 4







But do your data measure up?

• What are the data quality 
objectives?

• Do you have a 
comprehensive picture?

• How old are your sampling 
results?

• Can you move forward with 
what you have?



Data quality objectives

• Quantify or qualify how good data must be to 
achieve the goals of monitoring / assessment

• Described in terms of:
– precision
– accuracy
– representativeness
– comparability
– completeness



Accuracy & 
precision

• Both needed to 
reflect true water 
body condition

• Can be biased away 
from target

• Addressed by 
following protocols, 
using field blanks, 
spiked samples in 
lab



Completeness, representativeness, 
and comparability

• Collecting all samples planned
• Collecting samples that represent “true 

condition” of the water body
– During various seasons, flows?
– Following sampling protocols?

• Confidence in comparing different data sets
– Use similar data quality objectives
– Avoids differences in methods, accuracy, precision



Comprehensiveness

• Do you have a clear picture of the 
problems?
– Land use, cover, and watershed activities 

indicate likely pollutants
– Biological assessments provide excellent 

screening info
• DO, pH, temp are primary parameters
• Conductivity, pesticides, herbicides, 

metals, and bacteria help to refine & 
focus results



Age and applicability

• Data age considerations
– Stable land use & cover makes 

older data (5-7 yrs) more 
useful

– Developing watersheds require 
newer data (2-4 years old)

– Rapidly developing watersheds 
may be difficult to characterize 
(apply LID & BMPs)

– Note new or altered NPDES 
discharger info



Volunteer derived data

• Credibility is improved when:
– Volunteers are trained by 

professionals
– Sampling and analytical 

procedures match accepted 
protocols

– Sampling is conducted under a 
Quality Assurance Project Plan



Volunteer vs agency data (1989 - 2005)



How IDEM uses data to make 
impairment & other decisions

• Andrew Pellosi slides here . . . . 
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