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1. Identification of causes
2. Estimate pollutant loads + reductions
3. Nonpoint source management
4. Identify technical + financial assistance
5. Perform outreach + education
6. Identify a project timeline
7. Set measurable milestones
8. Identify criteria to measure success
9. Create a water quality monitoring plan

EPA’S NINE ELEMENTS

Example Nine-Element Plan
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ANALYSIS TOOLS



1. LAND COVER ASSESSMENT +
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1. LAND COVER ASSESSMENT
Spatial Analyst



2019

2006

2001

LAND COVER ASSESSMENT

2006

2009 2019



National 
Land Cover 

Dataset

State Specific 
Land Cover 

Dataset

LAND COVER ASSESSMENT



LAND COVER ASSESSMENT

Residential/Commercial/Industrial
Transportation
Row Crops
Hay/Pasture
Orchards
Beech/Oak
Paper Birch/Aspen
Other Hardwoods
White/Red Pine
Spruce/Fir
Hemlock
Pitch Pine
Mixed Forest
Alpine (Krumholz)

• DIFFERENCES IN LAND COVER CLASSIFICATION

NH LAND COVER CATEGORIES
LAKE LOADING RESPONSE MODEL 

CATEGORIES



1. Clip to watershed

2. Convert to polygon 

3. Simplify or expand your land 
cover categories to relate to your 
project goal

4. Overlay paved/unpaved roads, 
add wetlands, add streams

5. Create fishnet
6. Edit land cover layer and update!

LAND COVER ASSESSMENT



LAND COVER ASSESSMENT



Original NH GRANIT layer Updated

LAND COVER ASSESSMENT



HayfieldGrazing

Residential 
Lawn

It  is very important to 
have a precise 

representation of the 
land use in the 

watershed because 
different forms of land 

use (e.g. agriculture) are 
associated with different 
pollutant loads and load 

reductions

LAND COVER ASSESSMENT



2. SUB-BASIN DELINEATION
Spatial Analyst



Outputs unique label for 
each sub basin 

Extrapolates stream 
segments and surface 
flow direction

Inputs original DEM Layer 
(NH GRANIT)

SUB-BASIN DELINEATION

Spatial Analyst



FLOWLINES and 
HYDROGRAPHYSUB-BASIN DELINEATION



SUB-BASIN DELINEATION



GROUNDTRUTHING



POLLUTANT LOAD MODEL ANALYSIS

0-0.10 (Low)
0.11-0.19 (Moderate)
0.20-0.29 (High)

Lake
Stream
Spofford Lake Watershed
Town Boundary



• Make standardized workflows 

• Create metadata to track updates

• Make sure you groundtruth results

• The mapping technologies shown 
here work best when used together 
and each has its advantages

TAKEAWAY LESSONS



View of the Kezar Lake Upper Bay, Lovell ME, November 2018. Photo Credit: FBE.

Questions?







Sub-basin Delineation Workflow 4- QGIS

A critical next step to define the study area(s) is to generate sub-
drainage delineations using both automatic delineation tools (e.g., 
QGIS, BASINS) and manual edits based on topographic maps and 
ground truthing.

• Download Digital Elevation 

Model (DEM) layers from 

NH GRANIT 

• Add raster layer to 

workspace

- Grass functions: allow you 

to represent your data in 

three dimensions- very 

helpful for watershed sub 

basin delineations and flow 

directions 

MANAGE GEOGRAPHIC DATASETS



To support the development of accurate water quality goals for lake 
and stream modeling.

PROJECT GOALS



Simplify your land Use 
Categories to relate to your 
project goal

MANAGE GEOGRAPHIC DATASETS

1. Copy the attribute table into excel
2. Add your new Land Use Category column
3. Join your new excel table to the existing 

attribute table in ArcMap
4. Edit the land use symbology to draw from 

your new Land Use Categories





Total Phosphorus Load (kg/ha/yr)

Total Phosphorus Load (kg/ha/yr)



2019 NH Water & Watershed Conference
Abstracts

Using GIS technology to improve watershed management planning and implementation tracking of surface 
waters
Key words: Pollutant modeling, GIS technology, Watershed planning 

GIS technology serves as a vital tool for pollutant load models requiring data on land cover and sub-drainage 
areas. National or state-wide land cover databases provide coarse resolution data that become increasingly 
inaccurate at local scales. A critical first-step to improve the accuracy of models is to manually update land 
cover based on recent aerials. A critical next step to define the study area(s) is to generate sub-drainage 
delineations using both automatic delineation tools (e.g., QGIS, BASINS) and manual edits based on topographic 
maps and groundtruthing. We present on the challenges and lessons learned with using certain types of GIS 
technology (from open source databases and programs, wherever possible) for use in pollutant load models and 
how GIS technology can help improve the accuracy of pollutant load estimates, and thus, develop better water 
quality goals for watershed plans and better track progress toward achieving water quality goals through 
implementation projects. 

20-minute presentation ~5 minutes for questions


