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Postgraduate Certificate in Hydroinformatics in Civil Engineering

River and Estuary Modeling

Advection
Related terms: transport, velocity field, dispersion
Advection describes the movement of water‑borne properties (e.g., sediment, pollutants, temperature) by
the bulk flow of the river or estuary. It is mathematically represented by the dot product of the velocity
vector and the gradient of the property of interest. In a 1‑D model, advection is expressed as ∂C/∂t + u·∂C/
∂x = … where C is concentration and u is flow velocity.
Example: Predicting the downstream travel time of a contaminant spill after a storm event.
Application: River flood forecasting, estuarine water‑quality simulations, and sediment routing.
Challenges: Numerical diffusion can smear sharp concentration fronts; high‑resolution schemes are required
to preserve steep gradients while maintaining stability.

Aquatic Habitat Modeling
Related terms: ecological indices, habitat suitability, species distribution
Aquatic habitat modeling integrates hydrodynamic outputs (depth, velocity, shear stress) with ecological
criteria to assess the suitability of river or estuary habitats for target species. Models such as PHABSIM or
Habitat Suitability Curves translate physical conditions into suitability scores.
Example: Evaluating spawning habitat for salmon in a regulated river reach.
Application: Environmental impact assessments, restoration planning, and compliance with water‑resource
directives.
Challenges: Requires high‑quality field data for calibration; complex interactions between physical and
biological factors can lead to uncertainty.

Bathymetry
Related terms: depth measurement, digital elevation model, sonar survey
Bathymetry is the study and mapping of the underwater topography of river channels and estuarine basins.
Accurate bathymetric data provide the foundation for hydraulic model grids, influencing flow patterns,
turbulence, and sediment dynamics.
Example: Using multibeam echo‑sounder data to generate a high‑resolution mesh for a tidal inlet model.
Application: Flood risk mapping, navigation charting, and habitat delineation.
Challenges: Data acquisition can be costly; temporal changes due to sediment deposition or erosion require
frequent updates.

Boundary Conditions
Related terms: inlet, outlet, lateral, open‑boundary, closed‑boundary
Boundary conditions define how a model interacts with its surrounding environment. Typical types include
prescribed water levels, discharge rates, or salinity concentrations at upstream and downstream ends, and
lateral exchanges such as tributary inflows. Correct specification is essential for model stability and realism.
Example: Setting a tidal elevation time series at the estuary mouth while imposing a measured river
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discharge at the upstream boundary.
Application: Tidal‑river interaction studies, pollutant plume tracking, and sea‑level rise impact assessments.
Challenges: Inadequate or inconsistent boundary data can lead to unrealistic results; coupling with
larger‑scale models may be required.

Calibration
Related terms: parameter adjustment, validation, objective function
Calibration is the iterative process of adjusting model parameters (e.g., Manning’s n, diffusion coefficients)
until simulated outputs match observed data within acceptable error bounds. Statistical metrics such as
Nash‑Sutcliffe Efficiency or RMSE are commonly used to quantify performance.
Example: Tuning roughness coefficients to reproduce measured stage‑discharge relationships for a river
reach.
Application: Ensuring confidence in flood forecasts, water‑quality predictions, and sediment transport
estimations.
Challenges: Over‑parameterization can mask model deficiencies; limited observational data may restrict
calibration robustness.

Channel Morphology
Related terms: planform, cross‑section, erosion, deposition
Channel morphology refers to the shape and structure of a river or estuary channel, including its width,
depth, bank slope, and bed material composition. Morphological features control flow resistance, sediment
transport capacity, and habitat availability.
Example: Mapping the migration of a meander bend over a decade using aerial photography and LiDAR.
Application: River engineering design, habitat restoration, and sediment budgeting.
Challenges: Morphological evolution is a coupled process with hydraulics and sediment dynamics, requiring
long‑term monitoring and predictive modeling.

Computational Fluid Dynamics (CFD)
Related terms: Navier‑Stokes, turbulence model, finite volume
CFD encompasses numerical techniques that solve the full Navier‑Stokes equations for fluid motion,
providing detailed three‑dimensional flow fields. In river and estuary contexts, CFD is employed for
high‑resolution studies where depth‑averaged approaches are insufficient.
Example: Simulating flow around a bridge pier to assess scour potential.
Application: Design of hydraulic structures, detailed scour analysis, and investigation of complex flow
patterns such as eddies and separation zones.
Challenges: High computational cost, need for fine meshes, and sensitivity to turbulence closure selection.

Cross‑sectional Analysis
Related terms: hydraulic geometry, profile, station
Cross‑sectional analysis involves extracting vertical slices of the river or estuary channel at specific stations
to evaluate hydraulic properties such as area, wetted perimeter, and hydraulic radius. These parameters are
fundamental for 1‑D and 2‑D models.
Example: Deriving stage‑area relationships from surveyed banklines for a gauge station.
Application: Floodplain mapping, rating curve development, and sediment transport calculations.
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Challenges: Variability in channel shape due to vegetation or sediment movement can make static
cross‑sections inaccurate over time.

Depth‑Averaged Models
Related terms: 2‑D, shallow water equations, Saint‑Venant
Depth‑averaged models simplify three‑dimensional flow by integrating the governing equations over the
water column, yielding the shallow water equations. They are widely used for river and estuary simulations
where vertical velocity gradients are relatively small.
Example: Using a 2‑D finite‑difference model to simulate tidal propagation in a coastal lagoon.
Application: Flood forecasting, tidal‑river interaction, and large‑scale water‑quality assessments.
Challenges: Inability to capture vertical stratification, baroclinic effects, or detailed turbulence structures.

Diffusion
Related terms: dispersion, molecular diffusion, turbulent diffusion
Diffusion describes the spreading of a tracer due to random molecular motion and turbulent mixing. In
hydraulic models, diffusion is often represented by an effective dispersion coefficient that augments
advection.
Example: Modeling the longitudinal spreading of a dye plume released upstream of a monitoring station.
Application: Predicting contaminant fate, nutrient transport, and sediment plume evolution.
Challenges: Selecting appropriate diffusion coefficients; excessive numerical diffusion can dominate physical
processes if not carefully controlled.

Estuarine Circulation
Related terms: tidal prism, salt wedge, residual flow
Estuarine circulation is the net movement of water resulting from the interaction of river discharge, tidal
forcing, and density gradients caused by salinity differences. Typical patterns include a landward‑moving
freshwater plume overlain by a seaward‑moving saltier layer.
Example: Simulating the seasonal reversal of flow in a partially mixed estuary under varying river runoff.
Application: Management of salinity intrusion, navigation channel maintenance, and ecological assessments.
Challenges: Capturing the balance between tidal mixing and buoyancy forces; representing stratification in
depth‑averaged frameworks.

Froude Number
Related terms: subcritical flow, supercritical flow, hydraulic jump
The Froude number (Fr) is a dimensionless ratio of inertial to gravitational forces, defined as Fr = U /
(g·h)^0.5 where U is flow velocity, g is gravitational acceleration, and h is flow depth. It indicates flow
regime: Fr  1 supercritical.
Example: Determining whether a river reach will develop a hydraulic jump downstream of a weir.
Application: Design of energy‑dissipating structures, stability analysis of riverbanks, and selection of
appropriate numerical schemes.
Challenges: Rapid transitions between regimes can cause numerical instability; accurate depth prediction is
crucial.

Grid Resolution
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Related terms: mesh size, refinement, discretization
Grid resolution defines the spatial size of cells or elements in a numerical model. Finer grids capture
detailed flow features but increase computational demand. Adaptive mesh refinement can concentrate
resolution where gradients are high.
Example: Refining the mesh around a tidal inlet to resolve vortex formation while using coarser cells
offshore.
Application: High‑fidelity simulations of hydraulic structures, localized scour, and habitat mapping.
Challenges: Balancing accuracy with runtime; ensuring numerical stability across varying cell sizes.

Hydraulic Conductivity
Related terms: permeability, Darcy’s law, aquifer
Hydraulic conductivity (K) quantifies the ease with which water can move through porous media. In
river‑estuary contexts, it is relevant for groundwater‑river exchanges and for modeling seepage through
riverbanks.
Example: Assigning a K value to a bank material to simulate lateral inflow during high‑stage events.
Application: Integrated surface‑groundwater models, bank filtration studies, and contaminant transport
assessments.
Challenges: Spatial variability of K; limited field measurements often require estimation from laboratory
tests.

Hydraulic Radius
Related terms: wet perimeter, cross‑sectional area, Manning’s equation
The hydraulic radius (R) is the ratio of flow area (A) to wetted perimeter (P), R = A / P. It appears in empirical
resistance formulas such as Manning’s equation and influences flow velocity and shear stress.
Example: Calculating R for a trapezoidal channel to estimate mean velocity under a given discharge.
Application: Design of open‑channel conveyances, floodplain analysis, and roughness calibration.
Challenges: Complex channel shapes and vegetation can make accurate determination of P difficult.

Hydrodynamic Model
Related terms: flow simulation, water level, velocity field
A hydrodynamic model solves the governing equations of fluid motion to predict water surface elevations,
velocities, and pressure fields in rivers and estuaries. Models range from 1‑D Saint‑Venant solvers to fully
three‑dimensional CFD packages.
Example: Deploying a 2‑D model to assess the impact of a new levee on tidal propagation.
Application: Flood forecasting, coastal‑inlet design, and environmental impact studies.
Challenges: Selecting an appropriate model complexity, acquiring reliable input data, and ensuring
computational efficiency.

Inverse Modeling
Related terms: parameter estimation, data assimilation, optimization
Inverse modeling seeks to infer model parameters or source terms by minimizing the mismatch between
simulated and observed data. Techniques include gradient‑based optimization, genetic algorithms, and
Bayesian inference.
Example: Estimating the spatial distribution of pollutant sources in an estuary by assimilating concentration
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measurements.
Application: Water‑quality source identification, calibration of sediment transport coefficients, and flood‑risk
parameter tuning.
Challenges: Ill‑posedness, non‑uniqueness of solutions, and high computational cost for large parameter
spaces.

Manning’s n
Related terms: roughness coefficient, resistance, Strickler formula
Manning’s n is an empirical coefficient representing channel roughness, affecting flow resistance in the
Manning equation: V = (1/n)·R^(2/3)·S^(1/2). Values depend on bed material, vegetation, and structural
features.
Example: Assigning n = 0.035 for a gravel‑bed river reach with moderate vegetation.
Application: Rating‑curve development, flood routing, and hydraulic design of open channels.
Challenges: Spatial variability, temporal changes due to sediment transport or vegetation growth, and the
need for field calibration.

Numerical Stability
Related terms: Courant number, time step, discretization scheme
Numerical stability refers to the condition that a computational scheme must satisfy to avoid growing errors
that lead to divergence. For explicit schemes, the Courant‑Friedrichs‑Lewy (CFL) criterion dictates the
maximum allowable time step relative to grid spacing and wave speed.
Example: Adjusting the time step to maintain CFL One‑Dimensional (1‑D) Model
Related terms: Saint‑Venant, longitudinal, hydraulic routing
A 1‑D model represents flow along a single spatial dimension (typically the river centerline), solving the
Saint‑Venant equations for continuity and momentum. It is suitable for long, straight reaches where lateral
variations are minor.
Example: Using HEC‑RAS to simulate flood peaks along a 150 km river basin.
Application: Flood forecasting, dam break analysis, and water‑resource allocation.
Challenges: Inability to capture transverse flow features, bank‑full spreading, and complex hydraulic
structures without additional approximations.

Parameter Sensitivity
Related terms: uncertainty analysis, Sobol index, perturbation
Parameter sensitivity analysis evaluates how variations in model inputs (e.g., roughness, diffusion
coefficients) influence outputs such as water level or sediment load. Methods range from simple
one‑at‑a‑time perturbations to global techniques like Monte‑Carlo sampling.
Example: Assessing the impact of ±20 % changes in Manning’s n on predicted flood extents.
Application: Prioritizing data collection, informing calibration strategies, and quantifying model uncertainty.
Challenges: High‑dimensional parameter spaces can be computationally expensive; interactions among
parameters may mask individual effects.

Particle Tracking
Related terms: Lagrangian, tracer, drift
Particle tracking follows discrete parcels (particles) as they move with the flow field, providing a Lagrangian
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perspective on transport processes. It is often coupled with Eulerian hydrodynamic models to simulate
pollutant dispersal or fish migration pathways.
Example: Releasing virtual particles at a wastewater outfall to predict downstream concentration hotspots.
Application: Spill response planning, habitat connectivity studies, and sediment deposition forecasts.
Challenges: Requires accurate velocity fields; numerical interpolation can introduce artificial diffusion; large
particle numbers increase computational load.

Pollution Load
Related terms: mass flux, point source, non‑point source
Pollution load quantifies the amount of contaminants (mass per unit time) entering a river or estuary from
various sources. It is a critical input for water‑quality models that simulate concentration dynamics.
Example: Calculating the nitrogen load from agricultural runoff based on land‑use data and fertilizer
application rates.
Application: Compliance with environmental regulations, design of mitigation measures, and assessment of
eutrophication risk.
Challenges: Spatially heterogeneous non‑point sources are difficult to quantify; temporal variability requires
high‑frequency monitoring.

Quasi‑Steady State
Related terms: steady approximation, transient, equilibrium
A quasi‑steady state assumes that system variables change slowly enough that they can be approximated as
steady over a short time window. This simplification reduces computational effort while retaining essential
dynamics.
Example: Treating tidal elevations as steady during a 10‑minute window when modeling sediment transport
over a larger time step.
Application: Long‑term morphological simulations, simplified flood risk assessments, and preliminary design
studies.
Challenges: Ignoring rapid transients can lead to inaccurate predictions of peak flows or abrupt events.

River Discharge
Related terms: flow rate, Q, gauge, hydrograph
River discharge is the volumetric flow rate (typically expressed in m³ s⁻¹) passing a cross‑section of a river. It
is the primary driver of hydraulic and sediment transport processes and serves as a key boundary condition
in models.
Example: Using USGS gauge data to prescribe upstream discharge for an estuary model.
Application: Flood forecasting, water‑resource planning, and sediment budget calculations.
Challenges: Measurement errors, spatial variability, and the need to extrapolate discharge for ungauged
locations.

Salinity Gradient
Related terms: density stratification, halocline, mixing zone
The salinity gradient describes the spatial change in salt concentration, often vertical in estuaries where
freshwater overlies seawater. This gradient creates density differences that drive estuarine circulation and
affect mixing processes.
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Example: Modeling the development of a sharp halocline in a partially mixed estuary during low river flow.
Application: Management of salt‑intrusion, design of intake structures, and ecological assessments of
brackish habitats.
Challenges: Capturing thin stratified layers in depth‑averaged models; requires fine vertical resolution or
specialized layering techniques.

Sediment Transport
Related terms: bedload, suspended load, bed shear stress
Sediment transport encompasses the movement of solid particles by flowing water, divided into bedload
(particles rolling or sliding along the bed) and suspended load (particles carried within the water column).
Transport capacity depends on flow velocity, shear stress, grain size, and cohesion.
Example: Applying the Engelund‑Hansen formula to estimate suspended‑sediment load in a high‑energy
river reach.
Application: River channel maintenance, reservoir siltation forecasting, and habitat restoration.
Challenges: Non‑linear relationships, threshold effects, and the need to model both erosion and deposition
processes.

Shear Stress
Related terms: τ, bed resistance, turbulent friction
Shear stress (τ) is the tangential force per unit area exerted by the flowing water on the channel bed and
banks. It is a primary driver of sediment entrainment and influences hydraulic roughness. τ can be estimated
from the quadratic friction law τ = ρ·g·R·S, where ρ is water density and S is energy slope.
Example: Computing τ to determine whether a given flow will mobilize a 0.5 mm sand grain.
Application: Predicting scour around hydraulic structures, designing bank protection, and calibrating
sediment transport equations.
Challenges: Spatial variability due to bedforms, vegetation, and channel geometry; accurate measurement in
the field is difficult.

Shock Capturing
Related terms: discontinuity, Godunov scheme, Riemann solver
Shock capturing refers to numerical methods that can resolve sharp changes (shocks) in flow variables, such
as hydraulic jumps, without spurious oscillations. Techniques include upwind schemes, flux limiters, and
Riemann solvers.
Example: Using a TVD (Total Variation Diminishing) scheme to simulate a sudden water‑level rise
downstream of a dam breach.
Application: Modeling dam‑break floods, rapid drawdown events, and wave breaking in estuarine surf
zones.
Challenges: Balancing accuracy with numerical diffusion; higher‑order schemes may require additional
stabilization.

Turbulence Closure
Related terms: k‑ε model, LES, eddy viscosity
Turbulence closure provides a relationship to approximate the effects of unresolved turbulent fluctuations
on the mean flow. Common closures include algebraic models (e.g., Smagorinsky), two‑equation models
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(k‑ε, k‑ω), and Large‑Eddy Simulation (LES).
Example: Implementing a k‑ε closure in a CFD model of flow past a river bend to capture secondary
currents.
Application: Detailed scour analysis, prediction of mixing efficiency, and assessment of flow‑induced
vibrations.
Challenges: Selecting an appropriate model for the flow regime; increased computational cost for advanced
closures.

Unsteady Flow
Related terms: transient, time‑dependent, dynamic
Unsteady flow denotes situations where hydraulic variables change with time, such as during flood waves,
tidal cycles, or dam operations. Unsteady models solve the full time‑dependent form of the governing
equations, requiring appropriate temporal discretization.
Example: Simulating the propagation of a flood wave through a river network over a 48‑hour period.
Application: Real‑time flood forecasting, tidal‑river interaction studies, and emergency response planning.
Challenges: Need for small time steps to capture rapid changes; data assimilation to update model states in
real time.

Velocity Profile
Related terms: log‑law, vertical distribution, shear velocity
The velocity profile describes how flow speed varies with depth (and sometimes across the channel width).
In open‑channel flow, the vertical profile often follows a logarithmic law near the bed, transitioning to a
more uniform core flow. Accurate profiles are essential for shear stress calculation and sediment transport
estimation.
Example: Measuring a velocity profile with an acoustic Doppler velocimeter to calibrate a depth‑averaged
model.
Application: Determining habitat suitability for benthic organisms, calculating bed shear stress, and refining
turbulence models.
Challenges: Presence of stratification, vegetation, or complex geometry can deviate from classic profiles.

Water Quality Model
Related terms: nutrient dynamics, dissolved oxygen, eutrophication
A water‑quality model simulates the transport and transformation of chemical constituents (e.g., nutrients,
contaminants, temperature) within a river or estuary. It couples hydrodynamic results with reaction kinetics,
often using advection‑dispersion equations and source‑sink terms.
Example: Using the WASP (Water Quality Analysis Simulation Program) to predict algal bloom development
in a coastal estuary.
Application: Compliance with water‑quality standards, assessment of pollutant load reductions, and
management of hypoxic zones.
Challenges: Parameterizing biochemical reactions, obtaining reliable input data, and handling non‑linear
feedbacks such as oxygen consumption.

X‑section (Cross‑section)
Related terms: profile, station, hydraulic geometry
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An X‑section is a vertical slice of the river or estuary channel at a specific location, used to derive geometric
properties (area, wetted perimeter, hydraulic radius) for hydraulic calculations. Accurate X‑sections are
fundamental for rating‑curve development and model grid generation.
Example: Surveying a trapezoidal channel cross‑section using RTK‑GPS and processing the data in GIS.
Application: Flood routing, sediment transport modeling, and hydraulic structure design.
Challenges: Temporal changes due to sediment deposition, erosion, or vegetation growth; limited
accessibility of some reaches.

Yield Stress
Related terms: non‑Newtonian, Bingham plastic, mud flow
Yield stress is the minimum shear stress required to initiate flow in a material that behaves as a viscoplastic
fluid (e.g., mud, slurry). In river‑estuary contexts, sediments with high cohesive strength may exhibit yield
stress, affecting mobilization thresholds.
Example: Incorporating a Bingham model to simulate the flow of a fine‑grained, cohesive sediment plume
after a dredge discharge.
Application: Predicting the transport of mud in low‑energy estuaries, designing dredge‑placement
strategies, and assessing sediment stability.
Challenges: Determining yield stress from laboratory tests; coupling with turbulence models can be
complex.

Zero‑Flow Boundary
Related terms: closed boundary, no‑flux, stagnant zone
A zero‑flow boundary imposes a condition of no normal flow across the model edge, effectively creating a
wall or impermeable barrier. It is used where the physical domain is bounded by land or where lateral
exchange is negligible.
Example: Setting a no‑flux condition along a shoreline segment in a 2‑D estuary model.
Application: Simplifying model domains, representing impermeable levees, and isolating sub‑domains for
focused analysis.
Challenges: Incorrect placement can artificially reflect waves or alter flow patterns; must be consistent with
real‑world geography.

Acoustic Doppler Current Profiler (ADCP)
Related terms: velocity measurement, beam, profiling
An ADCP is an acoustic instrument that measures water velocity profiles by emitting sound pulses and
analyzing the Doppler shift of backscattered signals from particles. It provides high‑resolution vertical
velocity data essential for model validation.
Example: Deploying a boat‑mounted ADCP to capture velocity distribution across a tidal inlet during spring
tide.
Application: Calibration of hydraulic models, investigation of shear stress distribution, and assessment of
turbulence intensity.
Challenges: Beam attenuation in turbid waters, need for careful data processing to remove noise and bias.

Bathymetric Change Detection
Related terms: DEM of Difference, sediment budget, erosion
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Bathymetric change detection involves comparing successive depth surveys to quantify erosion, deposition,
and morphological evolution. Techniques include DEM of Difference (DoD) analysis and volume calculation
between time steps.
Example: Using LiDAR‑derived bathymetric DEMs from 2015 and 2020 to assess sediment accumulation in a
harbor approach.
Application: Monitoring dredging impacts, evaluating restoration success, and updating model grids.
Challenges: Aligning datasets with differing resolutions, accounting for tidal stage differences, and
separating genuine change from measurement error.

Computational Mesh Generation
Related terms: grid generation, unstructured mesh, element type
Mesh generation creates the spatial discretization required for numerical simulation. In river‑estuary
modeling, meshes can be structured (regular grids) or unstructured (triangular or quadrilateral elements) to
conform to complex geometries.
Example: Generating an unstructured triangular mesh that refines around a narrow channel constriction
while coarsening offshore.
Application: CFD simulations of flow around bridge piers, detailed estuarine circulation studies, and
adaptive modeling.
Challenges: Ensuring mesh quality (element shape, size transition), avoiding excessively skewed cells, and
balancing resolution with computational cost.

Diffusive Wave Approximation
Related terms: kinematic wave, dynamic wave, simplification
The diffusive wave approximation simplifies the full Saint‑Venant equations by neglecting inertial terms,
retaining only gravity and friction forces. It is appropriate for slowly varying flows where acceleration is
minimal.
Example: Applying the diffusive wave model to simulate overland flow on a gently sloping floodplain.
Application: Large‑scale watershed runoff modeling, quick‑response flood mapping, and preliminary design
studies.
Challenges: Inability to capture rapid drawdown or steep hydraulic jumps; may underestimate peak flows in
steep channels.

Estuarine Turbidity Maximum (ETM)
Related terms: flocculation, sediment suspension, salinity gradient
An ETM is a zone within an estuary where suspended‑sediment concentration peaks, often occurring where
freshwater outflow meets saline water, enhancing flocculation and reducing settling velocities.
Example: Observing a pronounced ETM in a semi‑enclosed estuary during high river discharge, leading to
increased turbidity near the mouth.
Application: Navigation channel maintenance, habitat assessment for filter‑feeding organisms, and
sediment transport modeling.
Challenges: Highly dynamic; requires coupled hydrodynamic‑sediment models to predict formation and
migration accurately.

Flow Separation
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Related terms: recirculation, eddy, vortex shedding
Flow separation occurs when the boundary layer detaches from a surface due to adverse pressure gradients,
creating recirculating zones and vortices. In rivers, separation can develop downstream of bends, islands, or
hydraulic structures.
Example: Simulating flow separation behind a bridge pier to evaluate scour depth.
Application: Design of hydraulic structures, assessment of erosion risk, and improvement of navigation
safety.
Challenges: Capturing separation accurately demands fine spatial resolution and appropriate turbulence
modeling.

Groundwater‑River Interaction
Related terms: bank infiltration, hyporheic exchange, seepage
Groundwater‑river interaction describes the exchange of water between the river channel and adjacent
aquifers. It can be gaining (river recharging groundwater) or losing (groundwater feeding the river),
influencing baseflow, temperature, and solute transport.
Example: Modeling a losing reach where seepage from the river sustains downstream wetlands.
Application: Water‑resource allocation, ecological flow assessments, and contaminant plume migration
studies.
Challenges: Requires coupled surface‑groundwater models; hydraulic conductivity and river stage data must
be accurately represented.

Hydraulic Model Coupling
Related terms: two‑way coupling, interface, data exchange
Hydraulic model coupling integrates separate models (e.g., 1‑D river model with a 2‑D estuary model) to
exchange boundary information iteratively, allowing each component to influence the other. This approach
captures interactions such as tidal propagation into rivers.
Example: Linking HEC‑RAS (1‑D) with MIKE‑21 (2‑D) to simulate tidal influence on upstream flood peaks.
Application: Integrated flood forecasting, river‑estuary management, and combined water‑quality
assessments.
Challenges: Ensuring numerical stability at the interface, synchronizing time steps, and managing increased
computational demand.

Infiltration Capacity
Related terms: soil permeability, Horton model, excess runoff
Infiltration capacity is the maximum rate at which soil can absorb water, influencing the partitioning of
rainfall into runoff versus percolation. In river basins, it determines the amount of surface flow entering the
channel system.
Example: Applying the Horton infiltration model to estimate runoff from a storm event over a mixed
land‑use catchment.
Application: Flood forecasting, design of storm‑water management systems, and assessment of land‑use
change impacts.
Challenges: Spatial heterogeneity of soils, temporal variation due to antecedent moisture, and limited field
measurements.
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Junction Modeling
Related terms: confluence, bifurcation, node, flow split
Junction modeling handles the meeting point of multiple channels, such as river confluences or distributary
networks in deltas. It must conserve mass and momentum while distributing flow according to hydraulic
conditions.
Example: Using a momentum‑conserving junction routine to allocate discharge between two downstream
branches after a river split.
Application: Deltaic morphodynamics, flood routing through networked channels, and navigation channel
design.
Challenges: Accurate representation of flow division, handling backwater effects, and ensuring numerical
stability at the node.

Kinematic Wave Model
Related terms: Manning’s equation, flood wave, simplified dynamics
The kinematic wave model further simplifies the Saint‑Venant equations by neglecting both inertial and
pressure terms, retaining only the balance between gravity and friction. It is suitable for rapid runoff
simulations where wave propagation speed is governed by flow depth.
Example: Predicting the timing of peak flow in a small urban catchment using a kinematic wave approach.
Application: Real‑time flood forecasting, design of drainage networks, and quick assessment of
rainfall‑runoff response.
Challenges: Inapplicable for backwater conditions or flows with significant momentum exchange; may
underestimate peak discharges in steep channels.

Lagoon‑Estuary Interaction
Related terms: tidal exchange, marsh, water exchange coefficient
Lagoon‑estuary interaction refers to the exchange of water, sediments, and nutrients between a coastal
lagoon and an adjoining estuary. This exchange influences salinity regimes, ecological productivity, and
sediment dynamics.
Example: Modeling the periodic flushing of a lagoon through a narrow inlet driven by tidal cycles in the
adjacent estuary.
Application: Management of eutrophication in lagoon systems, restoration of tidal connectivity, and
assessment of fish nursery habitats.
Challenges: Complex geometry, variable inlet morphology, and the need to resolve both tidal and riverine
drivers.

Mass Balance Equation
Related terms: conservation, continuity, source‑sink
The mass balance equation expresses the conservation of a quantity (e.g., water, sediment, pollutant) within
a control volume, accounting for inflow, outflow, generation, and loss. In hydrodynamic modeling, it forms
the basis of the continuity equation.
Example: Writing the mass balance for suspended sediment as ∂(C·A)/∂t + ∂(Q·C)/∂x = Sources – Sinks.
Application: Water‑quality modeling, sediment budget analysis, and pollutant transport studies.
Challenges: Accurate quantification of source and sink terms; numerical discretization must preserve mass
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to avoid artificial gains or losses.

Non‑Uniform Flow
Related terms: gradually varied flow, backwater curve, hydraulic grade line
Non‑uniform flow occurs when water depth and velocity change along the flow direction, resulting in a
hydraulic grade line that differs from the channel bottom. It is typical in reach sections with varying slope,
width, or roughness.
Example: Computing a backwater curve for a river reach approaching a dam spillway.
Application: Design of flood control structures, rating‑curve development, and assessment of navigation
depth.
Challenges: Requires solving the gradually varied flow equation, which may involve iterative methods and
careful handling of critical points.

Open‑Channel Flow
Related terms: free surface, hydraulic radius, energy slope
Open‑channel flow describes the movement of water with a free surface exposed to the atmosphere, as
opposed to pressurized pipe flow. Governing equations include the Saint‑Venant continuity and momentum
equations, incorporating gravity, friction, and pressure terms.
Example: Modeling the flow in a natural river reach using depth‑averaged equations.
Application: River engineering, floodplain management, and irrigation canal design.
Challenges: Capturing transitions between subcritical and supercritical regimes, handling complex bank
geometry, and incorporating sediment‑flow feedbacks.

Partial Mixing Estuary
Related terms: semi‑mixed, stratified, salt wedge
A partial mixing estuary exhibits intermediate characteristics between well‑mixed and highly stratified
systems. Freshwater and seawater layers are partially interleaved, leading to moderate salinity gradients and
vertical shear.
Example: Simulating the seasonal variation of salinity distribution in a partially mixed estuary subject to
variable river discharge.
Application: Management of brackish‑water fisheries, assessment of pollutant dilution, and design of intake
structures.
Challenges: Requires models capable of representing both vertical stratification and horizontal advection;
parameterization of mixing processes is often uncertain.

Quasi‑Two‑Dimensional (Quasi‑2D) Modeling
Related terms: layered approach, vertical discretization, depth‑integrated
Quasi‑2D modeling divides the water column into a few vertical layers, each governed by depth‑averaged
equations, allowing limited vertical resolution while retaining computational efficiency. It captures
stratification effects better than pure 2‑D models.
Example: Using a two‑layer model to represent a freshwater lens overlying saline water in a tidal estuary.
Application: Estuarine salinity intrusion studies, temperature stratification analysis, and layered sediment
transport.
Challenges: Determining appropriate layer thicknesses, handling inter‑layer exchange, and ensuring
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numerical stability.

River Restoration
Related terms
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