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Outline

Intro to the i-Tree Suite

i-Tree and hydrology

i-Tree Hydro

➢ Overview of methods, inputs, and outputs

➢ Project setup: step-by-step demo

➢ A look at outputs and a couple of use-cases

➢ Optional: preview of what’s new in Hydro v6.0 beta

Where to find more info: support, videos, reports

Wrap-up discussion, Q&A, and how can i-Tree help DEP?
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What is i-Tree?
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rg A series of FREE tools to quantify ecosystem 
services and values from trees (free support also)

CanopyLandscape
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How do the tools differ?

CanopyLandscape

Top-down

Bottom-up

Specialized utilities

CanopyLandscape

General categories:

Install on

Desktop PC

Use in a

Web Browser
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Public Domain 
Software

Based on peer-
reviewed research

Technical support

Continuously 
improved

i-Tree…
“Putting USFS Urban Forest science into the hands of users”

www.itreetools.org
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i-Tree Landscape
National data sets

Explore & compare states, counties, watersheds, block groups 

Estimate tree services and prioritize management areas 
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Determines 
% tree cover

Easy & Fast
World-wide
Web-based

Canopy
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i-Tree Species

Select species criteria

Structure

Services

Lists top species that 
meet your criteria
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i-Tree Design Place trees on Google Maps imagery

Outline structures
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Rapid estimate & forecast of tree benefits

Stormwater, CO2, energy (heating/cooling), air quality
i-Tree 

Design
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MyTree beta

www.itreetools.org/MyTree

i-Tree on the go!
➢Running on the i-Tree 

Design engine
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i-Tree Eco: Quantifies Tree and Forest Resources

Structure
Number of trees, species distribution,  

canopy cover, species diversity, etc.

Functions / Ecosystem Services
Energy use

Air pollution (w/ health impacts)

UV

Carbon 

Biogenic VOC emissions

Avoided runoff & hydrology

Wildlife

Management needs
Pest risk

Tree health

Exotic/invasive spp.

$ Value
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i-Tree Hydro
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Hydro

Current vs. Management Scenario

Quantifies effects of:
Tree cover

Impervious cover

on:
Hourly stream flow

Water quality

Gwynns Falls Watershed, Baltimore
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i-Tree Tools for Stormwater
Hydro
➢ Input % land cover

➢ Estimates hourly changes in 
streamflow and water quality

➢ Engine for Eco’s hydrology 
estimates

Eco
➢ Input big or small plots or inventory

➢ Estimates runoff avoided, 
interception, transpiration

➢ Runs on simplified Hydro engine

Landscape
➢ Examine & compare watersheds 

➢ Forest-to-Faucet dataset shows 
area’s importance to drinking water 
reservoirs

➢ Combine tree data with US Census 
population data

Design & MyTree
➢ User-friendly, quick & easy

➢ Estimates tree interception, soon to 
be updated to include Eco’s 
estimates of Avoided Runoff

Current vs. Management Scenario

Hydro
Design
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Zooming in on i-Tree Hydro

Simulating How Land Cover Changes Affect Water 
Quantity & Quality

Infiltration

Interception

Evapotranspiration

Precipitation

Throughfall

Infiltration

Runoff



i-Tree is a 

Cooperative Initiative 

among these partners

i-Tree Hydro  

Model Background

➢ Origins from discussions 
between  Dr. Ted Endreny 
(SUNY-ESF) and Dr. David 
Nowak (USFS - NRS)

➢ Wanted to replace curve 
number based runoff models 
with a processed based 
hydrological model St. Elizabeth Hosp. D.C. 2006-2011

Casey Trees
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Rainfall-runoff Model

Rainfall – runoff model

➢ Transformation of rainfall into runoff 

• Effective precip ->  Infiltration  ->  runoff generation

• Runoff partitioning

⁻ baseflow, overland flow, shallow subsurface flow, etc.

➢ Routing of runoff through watershed /  to the outlet

• Building of the hydrograph, timing of flow arrival



i-Tree is a 

Cooperative Initiative 

among these partners

Modeled Hydrologic Processes

1 Inputs

2 Canopy Interception

3 Depression Storage

4 Impervious Runoff

5 Infiltration
6 Soil Moisture

7 Pervious Runoff

8 Surface Evaporation

9 Veg Evaporation

10 Evapotranspiration

11 Subsurface Runoff
12 Spatial Distribution

13 Outputs

1
2

3

4

5

6
11

8

9

10

1312

7
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Snapshot of All Inputs

Location (State, County, Place)

Topography (DEM or preloaded topographic index), 
typically of 30 or 10 m resolution

Precipitation data

Other weather and climate data (windspeed, solar 
radiation, etc.)

Land cover data, from iTree Canopy, Ground Surveys, etc. 

Hydrology parameters
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Snapshot of All Outputs

For each time step (1 hour for these simulations):

➢ Canopy interception

➢ Depression storage

➢ Infiltration

➢ Evapotranspiration

➢ Surface (pervious, impervious) and subsurface (base flow) flow

➢ Channel discharge (total flow)

➢ Water quality (EMC)
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Model Inputs

Landcover

➢ 5 main cover classes
• Bare Soil

• Shrub/Grass/Herbaceous (SV)

• Impervious Surface

• Tree Cover over Impervious Area

• Tree Cover over Pervious Area

➢ In the future: green infrastructure
• Tree Pits

• Rain Gardens

• Green Roofs

• Porous Pavement

• Rain Barrels

• ?
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Model Inputs

Canopy Properties

➢ Leaf Area Index (LAI) – One sided 
leaf area per square meter of 
canopy
• Tree LAI + Tree bark BAI

• Shrub/ Herbaceaous LAI + Bark BAI

• Deciduous vs. Coniferous makeup

➢ Leaf On/Off days

Hydrological Parameters

➢ Defaults provide baseline for 
comparative analysis

➢ Autocalibration offers localized 
parameterization

Source: Aguilar, M.A. et al., 2010 
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Model Processes

Interception

➢ f(Tree%, Shrub%, Herb.%, LAI, etc.)
• Open space vs. canopy cover, LAI, leaf 

on/off days, etc.

Depression storage

➢ f(Landcover type, Depression depth)
• Pervious vs. impervious – different 

depression storage maxes
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Model Processes

Surface runoff – pervious 
and impervious

➢ f(Depression storage, 
Infiltration process, Soil 
moisture status)

• Depression storage 
filled? Saturated soil?  
Rainfall intensity greater 
than infiltration rate?

• Model user sets ratio of 
infiltration to saturation 
excess soils
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Model Processes

Infiltration

➢ f(Ksat, Rainfall intensity, Infiltration process)

➢ Infiltration excess – Modified Green-Ampt routine

➢ Saturation excess – unconstrained flow into rootzone

Soil Moisture

➢ Upper Soil zone          Unsaturated zone          Saturated zone

➢ f(Infiltrated water, ET, Intra-zone flow rates, Baseflow
generation, etc. )

Root Zone

Sat Zone Baseflow

Shallow Subsurface FlowUnsat Zone
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Model Processes
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Model Processes



i-Tree is a 

Cooperative Initiative 

among these partners

Model Calibration

Calibration

➢ Method:

• Determining optimal model parameter set

⁻ Optimization algorithm - PEST

• Repeated model runs

⁻ Comparing predicted and observed values

• Maximize goodness of fit metrics

➢ Problems:

• Equifinality – Different parameter sets, same optimum

• Disagreement between field data and model parameters
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Model Calibration
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Outputs

Water Quantity Outputs

➢ Predicted streamflow vs. observed (if available)
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Outputs

Water Quality Outputs

➢ Pollution – Loading estimates 

• Total pollutant mass

• Based on EMC values – from EPA’s NURP data

⁻ Currently using national avg, changing to localized HUC-8 and land cover 
specific EMC values to distinguish changes in concentration based on 
location and cover type
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i-Tree Hydro 
Introduction to Project Setup

i-Tree is a 

Cooperative 

Initiative
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i-Tree Hydro: An Introduction

Model interfaces

Model inputs

Model outputs
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i-Tree Hydro: Model interface
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Step 1

Topographic

Project Location

Basic WS Info

Streamflow

Weather 
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i-Tree Hydro: DEM vs Topographic Index Option

Digital Elevation Model 

(DEM)

Topographic Index from 

DEM
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Step 1

Topographic

Project Location

Basic WS Info

Streamflow

Weather 
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Step 1

Project Location

Basic WS Info

Streamflow

Weather 

Topographic
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i-Tree Hydro: Land Cover Data (via i-Tree Canopy)
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Step 1

Topographic

Project Location

Basic WS Info

Streamflow

Weather 
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i-Tree Hydro: Stream Data
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i-Tree Hydro: Weather Data
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i-Tree Hydro: Land Cover Parameters
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i-Tree Hydro: Land Cover Parameters
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i-Tree Hydro: Land Cover Parameters
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i-Tree Hydro: Hydrological Parameters
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i-Tree Hydro: Hydrological Parameters
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i-Tree Hydro: Hydrological Parameters
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i-Tree Hydro: Hydrological Parameters
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i-Tree Hydro: Hydrological Parameters
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i-Tree Hydro: Alternative Case
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i-Tree Hydro: Alternative Case



i-Tree is a 

Cooperative Initiative 

among these partners

i-Tree Hydro: Alternative Case
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Outputs: In the User Interface
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Exported Outputs 
& Examples of Additional Processing
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Preview of i-Tree Hydro Version 6
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Preview of i-Tree Hydro Version 6
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Preview of i-Tree Hydro Version 6
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Preview of i-Tree Hydro Version 6
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Preview of i-Tree Hydro Version 6
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Thoughts & Questions

www.itreetools.org

Videos

Documentation

Online tools

Support

Examples

Downloads

Newsletters

info@itreetools.org
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Thank you!

Robbie Coville
robert.coville@davey.com

Dr. Ted Endreny
te@esf.edu

mailto:robert.coville@davey.com
mailto:te@esf.edu
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In-depth technical slides
to address questions
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Hydro: Model Assumptions

Topographic index

➢ Affected by DEM resolution

➢ Increasing DEM resolution – small cell sizes
• TI values decrease for most cells 

⁻ Minimum, median values decrease

• TI values may increase  for river/stream network cells 

⁻ Maximum value may increase

➢ Decreasing DEM resolution – larger cell sizes
• Has the opposite effect
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Hydro: Model Assumptions

TI Syracuse, 
NY
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Hydro: Model Assumptions

Hydraulic Conductivity – Transmissivity

➢ Same everywhere in the watershed

➢ Decay profiles – decays with soil depth

• Exponential vs. Power 

• Default model setting is power law decay

• Changed in hydrological parameters screen

)exp()( fzKzK os −= n

os fzKzK )1()( −=
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Hydro: Model Assumptions

Saturation/infiltration excess

➢ Effects pervious areas

• Tree cover over pervious, shrub/herbaceous, bare soil

➢ Percentage of watershed area that is controlled by infiltration 
excess – rest is saturation excess

Land cover

➢ Average or sampled – typically only an estimation

➢ DCIA value – estimated

➢ Problems with NLCD resolution
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HP: Modeling Metrics 

Calibration

➢ Method:

• Determining optimal model parameter set

⁻ Optimization algorithm - PEST

• Repeated model runs

⁻ Comparing predicted and observed values

• Maximize goodness of fit metrics

➢ Problems:

• Equifinality – Different parameter sets, same optimum

• Disagreement between field data and model parameters
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HP: Modeling Metrics 

Calibration Metrics 

➢ Values range from -∞ to 1

• Negative – Worse than observed average value

• Zero – Equal to observed average value

• Positive – Better than observed average value

➢ Volumetric Efficiency
• Criss and Winston, 2008

➢ Baseflow fit
• Perrin et al., 2001 

➢ Peak flow fit
• Nash – Sutcliffe Efficiency (1970)

➢ Overall fit
• Ye et al., 1997
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HP: Modeling Metrics 

Validation

➢ Using optimized parameter set to predict forward

• Without further alteration/optimization

➢ Necessary to build confidence in the model
• Trust structure and calibrated parameter set

Verification

➢ Alter model structure or routines
• Switch model routines – different governing equations

• Revise model code – numerical solutions, code structure
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HP: Modeling Metrics 

Common calibration problems

➢ Weather station isn’t representative, gage errors

Time (hours)

Simulated

Observed

F
lo

w
 (

c
fs

)

Check 
weather 
station 
location, 
dominant 
weather 
patterns

Check input 
data period 
for errors
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HP: Modeling Metrics 

Common calibration problems

➢ High base flow, too little evapotranspiration

Simulated

Observed

Time (hours)

F
lo

w
 (

c
fs

)

Check 
landcover 
estimates

Check 
weather 
data (net 
rad., temp, 
windspeed)

LAI, Ksat

values
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HP: Modeling Metrics 

Common calibration problems

➢ Incorrect partitioning of baseflow/overland flows

Simulated

Observed

Time (hours)

F
lo

w
 (

c
fs

)

Check 
landcover 
estimates

Check 
contributing 
area/DEM 
footprint

LAI, Ksat

values


