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i-Tree Hydro  

 

Model History 

 

üBorn out of discussions between ESF (Ted Endreny) and USDA 
FS (David Nowak) 

 

üWanted to replace curve number based runoff models with 
process based hydrological models 

 

üTOPMODEL   ->   OBJTOP   ->   UFORE   ->   i-Tree Hydro   
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i-Tree Hydro  

Model History 

 

üBased on Topographic Index and TOPMODEL concepts 
ÅTI ς Beven and Kirkby, 1979; TOPMODEL ς Beven (1995, 1997) 

 

üProcesses and routines added to TI/TOPMODEL framework 
ÅPublications: 

ѐWang et al., 2006; Wang et al., 2008; Wang, Endreny, et al., 2005; Wang, Hassett, et 
al., 2005; Yang et al., 2011; Yang and Endreny, 2013 

 

üOngoing model development 
ÅNew i-Tree Hydro versions ς approx. yearly 

ÅResearch by Yang Yang, Tom Taggart and Emily Stephan 



i-Tree Hydro  
Introduction to Stormwater 
Management (ISM) 
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Introduction to Stormwater Management (ISM) 

 

Why is stormwater management important? 
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ISM: Regulatory & Other Drivers 
Quantity/Quality 

üFEMA 

ÅFIRMs 

üCWA 

ÅMS4 ς NPDES 
permitting 

ÅCSOs 

üOthers (NEPA, 
5h¢Σ Χύ 

Ordinances 

üNew v. existing 
construction 
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ISM: Prior Perspective (Pre-MS4 Regulation) 

Goals 

üQuantity 

üQuality 

Infrastructure (Gray) 

üImpervious Areas  

üStorage 

üStreets  

üStorm drains 

üStorm sewers 

üCSOs  
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ISM: Current Perspective 

Goals 

üQuality & Quantity 

üCWA MS4 

üSustainability 

 

Infrastructure 

üI, S4, C + f(GI, LID, SCM, BMP) 

üHydrologic cycle 

Åe.g., Retain, Infiltrate, Restore/maintain baseflow 

Åe.g., Save the Rain, Green City ς Clean Waters, NYC Green 
Infrastructure Plan. 
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ISM: Role of Managers 

Planning  

Modeling  

Educating  

Implementing  

Monitoring  

Adapting  
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ISM: Role of Managers 

What issues have you faced? 



Stormwater Modeling 
Hydrologic Principles 
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HP: Urban Forest Hydrology 

Natural vs. Disturbed Hydrological Cycle 

Pre - developed  Developed  Green 
Infrastructure  

I nfiltration  

Interception  

Evapotranspiration  

Precipitation  

Throughfall  

Infiltration  

Runoff  
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HP: Conceptual Models 

Rainfall ς runoff model 

üTransformation of rainfall into runoff  

ÅEffective precip  ->  Infiltration  ->  runoff generation 

ÅRunoff partitioning 
ѐbaseflow, overland flow, shallow subsurface flow, etc. 

 

 

 

 

 

üRouting of runoff through watershed /  to the outlet 

ÅBuilding of the hydrograph, timing of flow arrival 
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HP: Conceptual Models 

Inputs 

üWeather ς Precip, temp, wind speed, net radiation, etc.  

üStreamflow ς Hourly (or finer) discharge 

üTopography ς error free , high res. DEMs 

üLand cover ς High resolution aerial imagery, field surveys 

üSoil data ς WS wide field data: Ksat, depth to water table, etc.  

üPotential Evaporation/ET ς For all vegetation, weather 

 

Unlimited!  Complete! 
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HP: Conceptual Models 

Processes 

üInterception 
ÅDifferent LAI values for diff species 

ÅDifferent leaf water storage depths 

 

üStemflow 

 

üThroughfall process 
ÅMeasured instead of estimated 
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HP: Conceptual Models 

Processes (cont.) 

üDepression Storage 
ÅStorage depths change with landcover type, seasons? 

 

 

 

 

üInfiltration  
ÅGoverned by saturation vs. infiltration excess 

ÅVariable soil properties ς temporally, spatially 

ÅKnow the underlying geomorphology 
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HP: Conceptual Models 

Processes (cont.) 

üSoil Moisture 
ÅRoot zone / Unsaturated zone / Saturated Zone processes 

 

 

 

 

üEvaporation/Evapotranspiration (ET) 
ÅValues for each species, measured vs. estimated 

ÅVaries temporally (hourly, daily, seasonally) 

RZ 

UZ 

SZ Baseflow  

Shallow Subsurface Flow  
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HP: Conceptual Models 

Processes (cont.) 

üRunoff generation 
ÅChanges as saturated areas expand/contract 

ÅPerched water tables 

ÅPrecip intensity driven seeps 

 

üBaseflow generation 
ÅTracer experiments ς old vs. new water 

ÅQuick flow ς surface runoff vs. shallow subsurface 

ÅRates of flow between soil zones 
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HP: Conceptual Models 
 

Outputs 

üMain:  Predicted streamflow 
ÅBaseflow  +  Overland flow ( Pervious + Impervious area flows) 

ÅNear perfect response across full domain of inputs 
 

 

 

üOthers: Soil moisture, canopy interception, 
evaporation/ET, pollution loading/concentration, etc. 
ÅBroken up by time, space, landcover types, etc. 
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HP: Conceptual Models 

1 Inputs  
2 Canopy Interception  
3 Depression Storage  
4 Surface Runoff  
5 Infiltration  

 
 
 
 
 
 

6 Soil Moisture  
7 Surface Evaporation  
8 Veg Evaporation  
9 Evapotranspiration  
10 Subsurface Runoff  
11 Spatial Distribution  
12 Outputs  

1  
2  

3  

4  

5  

6  
10  

7  

8  

9  

12  11  
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HP: Mathematical Model - Inputs 
 

Landcover  

üDistinct and well 
understood classes 

üFor example, NLCD classes 
ÅAgriculture ς pasture/hay, 

cultivated crops 

ÅForest ς mixed, deciduous, 
evergreen 

ÅDeveloped ς High, Med, Low 
Density, Open space 
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HP: Mathematical Model - Inputs 
 

Canopy Properties 

üLeaf Area Index (LAI) ς One sided leaf area per square meter of 
canopy 
ÅTree LAI + Tree bark LAI  

ÅShrub/Herbaceous LAI + Bark LAI 

üDeciduous vs. Coniferous makeup 

üLeaf On/Off days  
ÅDependent on local/regional weather 

 

 

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

Interception 

üFor a given LAI, given species, max storage depth 

üDrip rate contributing to throughfall 

 

Duration of Event  

In
te

rc
e
p
ti
o

n
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HP: Mathematical Model - Processes 
 

Depression storage 

üSimple store 
concept 

üMax storage depth 
values for different 
landcover types 

üValues are updated 
from 
precip/evaporation 
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HP: Mathematical Model - Processes 
 

Infiltration 

üWhich governing equation? 
ÅGreen-Ampt 

Å5ŀǊŎȅΩǎ [ŀǿ 

ÅwƛŎƘŀǊŘΩǎ 

üMacropore flow? 

üCapillary Fringe? 

 

Soil moisture 

üDepth of and rates of flow between zones 

üRoot zone          Unsaturated zone          Saturated zone 
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HP: Mathematical Model - Processes 
 

Surface runoff 

üImpervious runoff 

ÅThroughfall/precip on impervious cover > depression 
storage 

üPervious runoff 

ÅPrecip/throughfall on infiltration/saturation excess runoff  

 

üArea weighted averages vs. tracking volumes 

ÅDepth/m2  or total volume per area 
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HP: Mathematical Model - Processes 

 

Evaporation and ET 

üWhat relationship governs 

Åpotential vs actual evaporation 

 

 

 

üWater balance vs. energy balance 

ÅEither could drive the model ς typically not both 
 

Shrub  
Evaporation  

Tree Evaporation  

Evapotranspiration  
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HP: Mathematical Model - Processes 

 

Subsurface flow/Infiltration 

üEquation governing the changes in hydraulic 
conductivity/transmissivity 

Åvertically and horizontally 

Kz 

Kz 

Kx 

Kx 
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HP: Mathematical Model - Outputs 

 

Outputs 

üPredicted streamflow 

ÅNeed equation governing the summation of different flows 

ÅArriving at the correct place in the correct time? 

 

üPollution 

ÅEvent Mean concentration values 

ÅBuild-up/wash-off routines 

ÅExport coefficients 
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HP: Hydraulic Considerations 

 

Pipes 

Pumps 

Channels 

Storm drains 

Stormwater storage tanks 

Water quality ς deterioration/treatment 

Water quantity ς accumulation/dispersal 
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HP: SWMM 

Hydraulic and hydrologic model 

üDynamic rainfall-runoff simulation  

üSingle event or long-term (continuous) simulation  

üWater quantity and quality  

 

2 main components 

üRain falls and runoff is generated on sub-catchment areas 
ÅHydrologic routines/process 

üRouting portion transports runoff through a conveyance system 
ÅPipes, channels, storage/treatment devices, pumps, and regulators 

ÅHydraulic routines/processes 
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HP: Modeling Metrics  

Calibration 

üMethod: 

ÅDetermining optimal model parameter set 
ѐOptimization algorithm - PEST 

ÅRepeated model runs 
ѐComparing predicted and observed values 

ÅMaximize goodness of fit metrics 
 

üProblems: 

ÅEquifinality ς Different parameter sets, same optimum 

ÅDisagreement between field data and model parameters 
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HP: Modeling Metrics  

Validation 

üUsing optimized parameter set to predict forward 

ÅWithout further alteration/optimization 

üNecessary to build confidence in the model 

ÅTrust structure and calibrated parameter set 

 

Verification 

üAlter model structure or routines 

ÅSwitch model routines ς different governing equations 

ÅRevise model code ς numerical solutions, code structure 
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HP: Modeling Metrics  

Calibration Metrics  

üValues range from -қ ǘƻ м 
ÅNegative ς Worse than observed average value 

ÅZero ς Equal to observed average value 

ÅPositive ς Better than observed average value 
 

üVolumetric Efficiency 
ÅCriss and Winston, 2008 

üBaseflow fit 
ÅPerrin et al., 2001  

üPeak flow fit 
ÅNash ς Sutcliffe Efficiency (1970) 

üOverall fit 
ÅYe et al., 1997 
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HP: Modeling Metrics  

Common calibration problems 

ü²ŜŀǘƘŜǊ ǎǘŀǘƛƻƴ ƛǎƴΩǘ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜΣ ƎŀƎŜ ŜǊǊƻǊǎ 

 

 

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 

üHigh 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 

üIncorrect 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 



i-Tree Hydro  
An Introduction to the 
Model 
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i-Tree Hydro: An Introduction 

 

Model interfaces 

 

Model inputs 

 

Model outputs 
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i-Tree Hydro: New model interface 
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Step 1 
 

Project Location 

 

Basic WS Info 

 

Streamflow 

 

Weather  

 

Topographic 



 i-Tree is a 

Cooperative 

Initiative 

i-Tree Hydro: Project Locations 
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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 
 

Project Location 

 

Basic WS Info 

 

 

Streamflow 

 

Weather  

 

Topographic 
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i-Tree Hydro: Stream Data 
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i-Tree Hydro: Weather Data 
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Step 1 
 

Project Location 

 

Basic WS Info 

 

Streamflow 

 

Weather  

 

Topographic 
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i-Tree Hydro: DEM vs Topographic Index Option 

Digital Elevation 
Model (DEM)  

Topographic Index 
from DEM  
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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 
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i-Tree Hydro: Alternative Case 
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Calibration Time Step 


