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Where to get the Software and Documentation 

http://www.hec.usace.army.mil/ 

HMS: Hydrologic Modeling System 
SSP: Statistical Software Package 
EFM: Ecological Functions Model 

RAS: River Analysis System 

RES-SIM: Reservoir Systems Simulation  
DSS-Vue: Data Storage System Viewer 
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Flood, Fargo Moorhead (ND, 2001) 
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Trace The Water Drop 
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The Hydrologic Cycle: Compartments 

Atmospheric Storage 

Snow pack  

Land Surface 

Soil 

Aquifers 

Streams, Lakes,  
And Rivers 
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System representation 
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HEC’s System representation 
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Excess 

Loss 

Partition precipitation 
Loss + Runoff Transform to outlet of 

Sub-watershed 
Rout through channel 
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HEC-HMS Overview 

Desktop 

Message Log 

Component 
Editor 

Watershed  
Explorer 

Basin Model  
Components 
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Project Elements in the Watershed Explorer 

Basin Models 

•  Provide physical watershed description 
• Hydrologic elements 

• Sub-basins 
• Reaches 
• Junctions (connectivity) 
• Reservoirs, sinks, sources  
  and diversions 

•  Define Selected calculation methods 
   for each element 
•  Define parameters for calculation  
   methods 

Time-Series Data 

•  Provide time dependent variables 
• Model input  

•  precipitation, 
•  temperature 
•  solar radiation 
•  Evapotranspiration 
•  Source and sinks  

•  Observation for calibration 

Merteorologic Model 

•  Defines what type of model input 
to be used 

•  Connect model input (Time-series) 
to basin model 

•  Methods of averaging input 
•  Which gauge affects which 
   sub-basin, 

Control Specification 

•  Defines simulation time frame 

Paired Data  

•  Provide data needed by reservoirs 
channels, and control structures 

•  Stage Discharge 
•  Storage discharge 

Data  
• Manual entry  
• Connection to  
  HEC-DSS files 
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Basin Model Components (Sub-basin) 

Sub-basin:   
•  Represents the physical watershed 

•  Basic element in rainfall-runoff  
   modeling and loss calculations 

•  Runoff is routed internally  
to the outlet of the sub-basin 

•  Baseflow (GW contribution) 
is added  

Loss 

Transform 

Transform 
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Basin Model Components (Reach) 

Reach   
•  Represents channels and pipes 

•  Conveys streamflow downstream 
in the basin model 

•  inflow can come from any  
hydrologic element 

•  Outflow is computed by accounting  
for translation + attenuation of 
inflow hydrograph 

Routing 
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Basin Model Components (Junction) 

Junction   
•  Represents confluences and other 

flow combination 

•  Connects upstream elements to  
downstream elements  

•  inflow can come from any  
hydrologic element 

•  Outflow is computed by summing 
up all inflows 
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Basin Model Components (Others) 

Reservoir 
•  Model detention and attenuation 

•  Receives inflow from any/or many  
hydrologic elements upstream 

•  Outflow is computed from 
•  Storage | outflow relationship 
•  Elevation | storage | outflow 
•  Elevation | area | outflow 

•  User can define outlet structure 

Source 
•  Introduce external flow 

•  Has no inflow, but outflow is  
   pre-defined 

Sink 
•  Introduce external flow 

•  Has no inflow, but outflow is  
   pre-defined 

Diversion 
•  Models flow leaving main channel 

•  Receives inflow from any/or many  
hydrologic elements upstream 

•  Outflow consists of diverted and  
non-diverted flow, with diverted  
flow specified by user 

•  Both flows can be connected D/S 
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Sub-basin: Loss | Rainfall Runoff Relationship 

Sub-basin:   
•  Represents the physical watershed 

•  Basic element in rainfall-runoff  
   modeling and loss calculations 

•  Runoff is routed internally  
to the outlet of the sub-basin 

•  Baseflow (GW contribution) 
is added  

Loss 
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Soil Profile (Detailed) 

Porosity: Voids in the soil profile 
Field Capacity: Amount of water held against gravity 
Wilting Point: amount of water below which plants can 
not extract water from the soil 
Hydraulic conductivity: Rate of water flow in soil 

Values depend, among other factors, on soil texture 
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Constant  Infiltration Rate Models 

Ia 

Infiltration 

Runoff 

Fmax Iwc 

pet=pt if  Ft ≥ Fmax  

When Maximum Soil Storage is considered  

Initial , constant and maximum loss Initial and constant loss 
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Parameters for Deficit Constant Model 

Depends on initial conditions (qs- qi ) 

Depends on Soil (Integrated field capacity) 

Depends on soil.  (# Sat. Conductivity ) 

Depends on land cover.  

Depends on initial conditions, Soil, and Land cover 

Depends on Soil (Integrated field capacity) 

Depends on land cover.  
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Initial Value of Loss Rate Parameter 
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Infiltration Rate Decay Models 

If PCumulative > Ia 

If PCumulative ≤ Ia pe = 0 

This type of models consider a more “realistic” infiltration approximation. Infiltration starts with 
the beginning of the storm at a very high rate, and it decays exponentially and almost 
asymptotically to a constant rate by the end of the storm. At any point, the infiltration rate 
depends on the amount of water that has already infiltrated. 



Center for Hydrometeorology & Remote Sensing, University of California, Irvine Water Resources in Developing 
Countries, Trieste, Italy, 2009 

CN method Parameters in HEC-HMS 

Depends on initial conditions, Soil, and Land cover 
If left blank, it will be set to 0.2S from CN 
Depends on Soil (Integrated field capacity) 

Depends on land cover.  

Amount accumulated during initial phase of increasing  
infiltration. Function of antecedent conditions  

Initial infiltration coefficient  (starting loss rate) 

The rate of subsequent exponential decrease (basin related) 

Exponential decay of infiltration rate  

Depends on land cover.  

Exponential Infiltration model: 
Only if calibrated, and only in event based 



Center for Hydrometeorology & Remote Sensing, University of California, Irvine Water Resources in Developing 
Countries, Trieste, Italy, 2009 

Example Land Use Table for CN 
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Volumetric Water Content 
Capillary Suction 

Hydraulic Conductivity 

Distance from the Surface 

Semi-physically-based Infiltration 



Center for Hydrometeorology & Remote Sensing, University of California, Irvine Water Resources in Developing 
Countries, Trieste, Italy, 2009 

ft = loss during period t;  

K = saturated hydraulic conductivity  

( φ - θi ) = volumetric moisture deficit;  

Sf = wetting front suction;  

Ft = cumulative loss at time t.  

Green Ampt Model 

Wetting Front 

h (After ponding) 

θ
z 
GA 
Theoretical 

Loss before ponding occures , should include interception 

Initial soil moisture defecit 

Soil parameter, identified from soil texture 

Saturated hydraulic conductivity (soil dependent) 

Depends on land cover.  
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Soil Classification and model parameters 

Porosity = Volume of Voids/Volume of Solids 
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Or Using Soil Texture  
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ft = loss during period t;  

K = saturated hydraulic conductivity  

( φ - θi ) = volume moisture deficit;  

Sf = wetting front suction;  

Ft = cumulative loss at time t.  

Co= Sorptivity can also be estimated using other soil parameters 

Smith-Parlange Model 
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Conceptual Models 

Change In Storage 

I O 

ΔS 

I – O =ΔS  

Input Output 
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h 

hmax 

α


hi 

Conceptual Model (SMA) 
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Conceptual Model (SMA) 
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Gridded Models 
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Basin Model Components (Sub-basin) 

Sub-basin:   
•  Represents the physical watershed 

•  Basic element in rainfall-runoff  
   modeling and loss calculations 

•  Runoff is routed internally  
to the outlet of the sub-basin 

•  Baseflow (GW contribution) 
is added  

Transform 
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Unit Hydrograph Concept 

Basic Definition 
Consider a unit depth of excess generated uniformly 

(spatially and temporally) over a watershed with 
area A, during time duration tr. The resulting 
hydrograph is called the tr Unit Hydrograph for the 
watershed. The intensity of the excess rain is given 
as 1/tr 

Main Assumptions 
•  The Pe is distributed uniformly spatially Ie  is constant during each Dt. 

•  The direct runoff hydrograph resulting from a given increment of excess is independent 
of the time of occurrence of the excess and of the antecedent precipitation. This is the 
assumption of time-invariance. 

•  Precipitation excesses of equal duration are assumed to produce hydrographs with 
equivalent time bases regardless of the intensity of the precipitation. 

If these assumptions are valid, then we can assume a linear system and  
the following properties are valid 
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Unit Hydrograph: Its application 

Ie  Qu 
KIe  KQu 

Linearity Lagging Superposition 

Allows us to identify hydrograph 
resulting from more/or less than 
one unit of excess rain 

Allows us to identify hydrographs 
for each rain interval in a 
sequence of excess rains 

Allows us to combine hydrograph 
resulting from non-unit rain 
intervals in a sequence of excess 
rain. That is the event hydrograph 
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where Qn = storm hydrograph ordinate at time nDt;  

Pm = rainfall excess depth in time interval mDt to (m+1)Δt;  

M = total number of discrete rainfall pulses; and 

Un-m+1 = UH ordinate at time (n-m+1)Δt  

Qn and Pm are expressed as flow rate and depth respectively,  

Un-m+1 (flow rate per unit depth).  

Discrete Convolution: The combination of all three properties 
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UH 

Parametric 

Qp 

tp 
TB 

Synthetic 

Soil 

LU 

Topo L 

S 

D 

Types of Unit Hydrographs 
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Snyder’s observations   

Ct = basin coefficient;  
L = length of the main stream from the outlet to the divide;  
Lc = length along the main stream from the outlet to a point nearest the watershed centroid 

LA District (USACE)    

Slope of longest flow path 

0.33 

Snyder UH: 1938 (Parameters) 

km : Ct [1.35  1.65] 

mile : Ct [1.8  2.2] 

0.75 for SI, 1 for E. 

Ct [1.8  2.2] 



Center for Hydrometeorology & Remote Sensing, University of California, Irvine Water Resources in Developing 
Countries, Trieste, Italy, 2009 

Lag Time 
Pe Centroid to Qp 

SCS UH: Dimensionless UH (Concept) 

Watershed Area 

Time to peak 
From starting of Pe Duration of Pe 

Dimensionless form (Stored in HEC-HMS) 

Time of Concentration 
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P2: 2 yr/24 hr rainfall depth 

SCS UH: Parameters (Parameters –First Approach) 

N: Overland Roughness Coefficient 
L: Longest Flow Path 
S: Hydraulic slope, approximate with slope 



Center for Hydrometeorology & Remote Sensing, University of California, Irvine Water Resources in Developing 
Countries, Trieste, Italy, 2009 

Overland flow roughness coefficient 
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SCS UH: Parameters (small catchments < 8 km2) 

L: Longest flow path (meters) 
Y: Average slope (meter/meter) 
CN: Basin curve number 
tlag: lag time in hours 

L: Longest flow path (ft) 
Y: Average slope (%) 
CN: Basin curve number 
tlag: lag time in hours 
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Translation or movement of the excess from its origin throughout the drainage to the watershed outlet 

Attenuation or reduction of the magnitude of the discharge as the excess is stored throughout the 
watershed. 

Clark’s UH 

R 

Routing coefficients 

where  

At = cumulative watershed area contributing at time t; 

 A = total watershed area 

tc = time of concentration of watershed =  

In HEC-HMS   Calibration or using SCS approach 
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Availability of information for calibration or parameter 
estimation.  

•  Parametric UH models requires model parameters.  
•  Empirical parameter predictors 
•  Optimal source of these parameters is calibration, 
•  If calibration in an urban watershed is not available, then 

use the kinematic-wave model 

Limitations (Data) 
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Physically Based Models of Overland Flow Theory 

W 

L 
So 

ie 

Watershed  Flow plains 
ie : Rainfall excess treated as lateral flow 
W: Plane width 
So: Slope 
L: Flow length  

Unit width  
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Approximations 

Kinematic Wave 

Diffusion Wave 

Quasi Steady State Dynamic Wave  

St. Venant /Dynamic Wave  

HEC-HMS 
Overland 
Channel 

HEC-HMS 
Basis for Muskingum 

HEC-RAS 
Steady flow 

Unsteady/Gradually  
varied  Flow 
       Many numerical models 
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Kinematic Wave: Combine Simplifications 

In shallow flow over a plain 

Combine 

In HEC-HMS (for shallow overland flow) 
on a unit width of a wide rectangular 
channel  
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Basic Concept  of Finite Difference Method 

a x 

f(a) 

f(x) 

Needs boundary conditions 

Needs method to approximate f (n)  How many neighboring points will you consider 
     Central 
     Implicit 
     Explicit 

Taylor Series 
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Overland flow roughness coefficient 
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Δx/Δt ≈ c  Accurate and stable solution 

c = average kinematic-wave speed over a distance increment Δx 

Types of routing elements for KW 
(see pp 71 for details) 

HEC-HMS Implementation for Sub-basins 
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Sub-Collectors 

Small feeder pipes or channels,  
Principle dimension < 18 inches,  
They might service area < 10 acres.  
Flow is assumed to enter the channel uniformly along its length.  

Representative 
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Collectors 

These are channels, with  
Principle dimension 18-24 inches,  
Collect flows from sub-collectors  
Convey flow to main channel.  
Flow enters latterally  
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Planes 
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Channel 

Conveys flow from upstream sub-
watersheds  
Convey flows that enter from the 
collector channels or overland 
flow planes  
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Basin Model Components (Sub-basin) 

Sub-basin:   
•  Represents the physical watershed 

•  Basic element in rainfall-runoff  
   modeling and loss calculations 

•  Runoff is routed internally  
to the outlet of the sub-basin 

•  Baseflow (GW contribution) 
is added  

Transform 
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Constant Monthly 
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Recession Models 

Initial Discharge 

Recession Constant 
You can also 
reset Qo 
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Recession Model 
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Bounded Recession 

Bounded recession is 
similar to recession 
method. The 
difference is mainly in 
selecting temporally 
varying threshold.  

You can also identify 
the type of initial flow.  
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Linear Reservoir (Remember SAC-SMA) 
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Linear Reservoir  

Routing steps  sequential reservoirs 
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Non-Linear Boussinesq 

Characteristic subsurface flow 
length  mean distance from 
the sub-basin boundary to the 
stream. 

Soil conductivity   
estimated from  

 field tests  
 soil texture. 

Drainable porosity (volume ratio)   
max= total porosity - residual porosity.  
Actual =f(local conditions) 
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Basin Model Components (Reach) 

Reach   
•  Represents channels and pipes 

•  Conveys streamflow downstream 
in the basin model 

•  inflow can come from any  
hydrologic element 

•  Outflow is computed by accounting  
for translation + attenuation of 
inflow hydrograph 

Routing 
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Channel Routing Requirements 

Description of the Channel 
•  Width 
•  Bed-slope 
•  Cross-section shape 

Energy loss model parameters 
•  Physically based: manning equation 
•  Others: parametric 

Initial conditions 
•  Flow or stage d/s. Example (use base-flow as estimate) 

Boundary conditions 
•  Upstream inflow (determined by the direct runoff model) 
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Inflow 

Outflow 
Storage 

Lag of time to peak 

Attenuation of peak 

A 

C 

time 

d
is

ch
ar

g
e 

Max Storage=A=C 

Reservoir Storage Concept 
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Channel Routing Models in HEC-HMS 
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Modified Pulse Model: Simple Storage Routing 

Unknown 

HEC-HMS Solves equation recursively using trial and error 

Solution requires Discharge-Storage (Q|S) relationship 
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Modified Pulse 

Notice Storage 
Outflow 
requirement 
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Muskingum Model: The starting point 

Assume m/n = 1 and b/a = K 

Proposed S/I-O relationship 



Center for Hydrometeorology & Remote Sensing, University of California, Irvine Water Resources in Developing 
Countries, Trieste, Italy, 2009 

Muskingum Model (S/I-O) relationship 

x It + (1-x) Ot is a weighted discharge. 
When S is controlled by downstream 
conditions, thus storage and outflow are 
highly correlated and  x = 0.0 and S = 
KO (linear reservoir model)  

If x = 0.5, equal weight is given to inflow 
and outflow, and the result is a uniformly 
progressive wave that does not attenuate 
as it moves through the reach. 

K: Average travel time of flood wave through the routing reach 
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Muskingum Kung Standard 
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Muskingum Kung 8 Points 
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Kinematic Wave 
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Kinematic Wave 

Requires inundated area  
Not compatible with all methods 
Requires discharge/Elevation/Area 
relationships 

After constant rate is subtracted 
Remaining flow is further reduced by 
1-fraction 
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