
General Information:

Instructor: Gabriel G. Katul (Office: A318 LSRC; Phone: 919-613-8033)

Number of Credits: 4 Units

Prerequisites: Mathematics 31 or equivalent.

Work Load: 8 Homework projects, in-class midterm, and a take-home final.

Reference: Hornberger, G., J. Raffensberger, P. Wiberg, and K. Eshleman, 1998,
"Elements of Physical Hydrology", The Johns Hopkins Press, 302 pp.

Topics:

1. Introduction to Hydrology: Hydrologic cycle, hydrologic processes, conceptual
models for hydrologic systems: statistical, semi-empirical, and physical.

2. Precipitation: Formation and measurement of precipitation, areal estimation from
point measurements and the concept of spatial aggregation, consistency of
precipitation gages, introduction to statistical estimation theory, frequency
distributions, intensity-duration-frequency analysis of point rainfall measurements.

3. Soil Water Flow: Subsurface water flow: Introduction to soil physics, energy-state of
soil water, soil hydraulic properties - soil water characteristic curve and soil hydraulic
conductivity function, the Buckingham-Darcy law, soil moisture and tension
measurements (lectures+lab). Infiltration Processes: Infiltration models - empirical,
semi-empirical, and physical, Infiltration measurements, (Lectures+Lab). Ground
Water Hydraulics: Basic concepts, confined/unconfined aquifers, Darcy's law and
steady-state models for ground water movement; Introduction to Well hydraulics.

4. Evaporation: Evaporation into the atmosphere, radiation balance, energy balance, the
role of water vapor in climate and hydrologic systems, general equations for
evaporation: turbulent transport of water vapor and aerodynamic considerations,
Bowen ratio/energy balance equations, Penman's combination equations. Lab will
discuss theories and practical considerations in evaporation measurements.

5. Stream Flow: Energy state of water, classification/types of flows - uniform flow
equations (emphasize on Manning's equation), concept of specific energy, concept of
specific momentum, hydraulic jumps, steady non-uniform flow, estimation of water-
surface profiles for simple cross-sections; introduction to computational hydraulics.
Lab will also include computations of alternate depths and conjugate depths. An
introduction to open channel design (lined and unlined and canals) will be presented.



Stream velocity/discharge Measurements (theory and practical considerations, flow
over weirs). A field trip to Coweeta Hydrologic Lab.

6. Overland Flow: Basic definitions, Hortonian overland flow, shallow water
approximations, interflow.

7. Basin Response: Hydrograph analysis, Hydrograph separation, estimation of peak
flow rates, the unit hydrograph, and flood routing.

Introduction to Hydrology:

Definition: The study of hydrology is concerned with the ways in which water is stored
and transferred over, on, and under the Earth’s surface.

The Hydrologic Cycle:
The hydrologic cycle comprises of numerous processes – as shown below.



The driving mechanism of the hydrologic cycle is solar energy, which converts liquid
water within the Earth surface to water vapor, condensation converts water vapor to
liquid water which falls back to the surface as precipitation.  Hence, the phase transition
between liquid and vapor is the essence of the hydrologic cycle – and the driver for the
phase transition is solar energy.  Vegetation can also contribute to the phase change
through transpiration.  In essence, vegetation serves as a conduit of water from the soil to
the atmosphere.
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Hydrologic Models:

To quantify or predict the amount and quality of water, models are commonly employed.

What is a model?

A model is a representation of an object, system, or an idea in some form other than the
entity itself.   There are three classes of mathematical models:

1) Empirical: which rely on statistical correlations between cause and effect (e.g.
rainfall-runoff).



2) Semi-empirical: which is a combination of models that conserve mass but crudely
parameterizes water movement.

3) Physical models which are based on conservation of laws of mass, energy, and
momentum.  Physical models are further subdivided into “deterministic” and
“stochastic”.  Deterministic models assume that all physical, chemical, and biological
attributes of a watershed are known.  Stochastic models assume that only the statistics
of these attributes are known.

What are simulations?

A simulation of a system is the operation of a model, which is a representation of the
system.

Why use simulations?

The model is amenable to manipulations or changes which would be impossible, too
expensive, or too impractical to perform on the system.  Hence, by studying the model
response, properties concerning the behavior of the actual system can be inferred.
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