Innovative Hands-on Educational Tools for
Enhancing Engineering Education
AMIR AGHAKOUCHAK
University of California, Irvine

Motivation

Figure 3 - (top) input precipitation; (middle)
temperature; and (bottom) simulated ensemble
streamflow (simulated runoff (solid black line); observed
runoff (solid red line); uncertainty space or ensemble
simulation (gray lines))

This poster presents a hands-on modeling toolbox, HBV-Ensemble (AghaKouchak et al., 2012),
designed as a complement to theoretical hydrology lectures, to teach hydrological processes and
their uncertainties. The HBV-Ensemble can be used for in-class lab practices and homework
assignments, and assessment of students' understanding of hydrological processes. Using this
modeling toolbox, students can gain more insights into how hydrological processes (e.g.,
precipitation, snowmelt and snow accumulation, soil moisture, evapotranspiration and runoff
generation) are interconnected. The educational toolbox includes a MATLAB Graphical User
Interface (GUI) and an ensemble simulation scheme that can be used for teaching not only
hydrological processes, but also uncertainty analysis, parameter estimation, ensemble simulation
and model sensitivity. HBV-Ensemble was administered in a class for both in-class instruction and a
final project, and students submitted their feedback about the toolbox. The results indicate that this
educational software had a positive impact on students understanding and knowledge of
hydrological processes.

Methodology
In a recent study, AghaKouchak et and Habib (2010) introduced HBV-EDU which is a hands-on
modeling tool developed for students to help them learn the fundamentals of hydrological
processes. HBV-EDU provides an application-oriented learning environment that introduces the
interconnected hydrological processes through the use of a simplified conceptual hydrologic model.
Using HBV-EDU, students can practice conceptual thinking in solving hydrology problems. Using a
detailed course survey, AghaKouchak and Habib (2010) showed that students were more inspired
by hands-on application-oriented teaching methods (e.g., using models) than by purely theoretical
lecture driven classes.
In hydrology, the concepts of ensemble
simulation and uncertainty analysis are typically
covered in hydrology classes only theoretically.
We hypothesize that the students would gain a
better knowledge of model uncertainty using
educational simulation tools and techniques.
This study builds upon the previous model (HBVEDU) and provides an educational software for
teaching ensemble simulation and uncertainty
analysis using a statistical approach. The
modeling toolbox, named HBV-Ensemble
(AghaKouchak et al., 2012), provides an
interactive tool that can be used for in-class lab
practices and homework assignments.

Figure 4 - Investigating the effect of initial value of soil
moisture in streamflow simulation.

Having this modeling toolbox, students can easily change the parameters and see the effects on
simulated streamflow promptly. The toolbox can also be used for teaching sensitivity analysis by
changing one parameter at a time and observing the effect of the parameter on model output.
Fore example, one can run the model with different initial values of soil moisture and compare the
output hydrographs (as shown in Figure 4). Using this particular exercise, student will find out that
the initial values will have a significant impact on the model outputs at the beginning of the
simulations. However, the effects of the initial values diminish over time in the long-term
simulations.
It should be noted that this
educational toolbox produces
other
variables
besides
runoff, including time series
of snow accumulation, soil
moisture, evapotranspiration,
and upper and lower
reservoir water levels. Figure
5 displays sample outputs
derived from HBV-Ensemble.

Figure 1: HBV-Ensemble model structure.

The HBV-Ensemble consists of five main modules as shown in Figure 1: Snowmelt and snow
accumulation; Soil moisture and effective precipitation; Evapotranspiration; Runoff response; and
Ensemble simulation.
Figure 2 illustrates the HBV-Ensemble Graphical User Interface (GUI). The user can specify the upper
and lower bounds of the parameters, as well as the initial values of soil moisture and snow. The
required input data include precipitation, temperature, long-term monthly evapotranspiration and
temperature. The user can then select the objective function (e.g., root mean square error, NashSutcliffe coefficient and correlation coefficient), and run an ensemble simulations. Finally, the model
performance measures will appear in the upper left panel in Figure 2.

Figure 5 - HBV-Ensemble sample model outputs (snow accumulation, soil moisture, evapotranspiration, and upper
and lower reservoir water levels).

Students Feedback
The presented educational toolbox has been administered at the University of California, Irvine
(UCI) in Winter Quarters 2011 and 2012 (Watershed Modeling CEE173-273). Students learned the
fundamentals of the model and used the MATLAB Graphical User Interface (GUI), shown in Figure 2
for their final project (hydrologic modeling for a watershed in California). A total of 60 students
completed the project from which 56 students participated in a survey designed to gauge students'
learning gains. Students’ Feedback and learning gains are reported in AghaKouchak et al., 2012 (not
presented here). The results indicate that this educational software had a positive impact on
students understanding and knowledge of hydrological processes.

Conclusions
The National Research Council has stressed the need for an improve hydrology curriculum,
specifically in the areas of hydrologic modeling and data analysis (e.g., NRC 2000). Recent research
on engineering and science education suggests that students acquire a better knowledge of
hydrological processes and their uncertainties when exposed to novel educational techniques as a
complement to traditional lecture-driven classes. Advances in simulation models and graphical user
interface developments provide opportunities for improving existing hydrology curriculum. We
believe that using educational software designed for teaching purposes inspires students, and we
strive to enhance engineering education through development of hands-on educational tools. We
anticipate the presented educational model (HBV-Ensemble) to encourage students to learn more
about the fundamentals of hydrology, ensemble simulation and uncertainty analysis.
Figure 2 - HBV-Ensemble Graphical User Interface (GUI)

Figure 3 presents sample input precipitation (top) and temperature (middle) and simulated
ensemble streamflow (bottom). In Figure 3(bottom), the solid red line represents the observed
runoff. The gray lines show the uncertainty limits for all the acceptable parameter value sets using
1000 simulations. In Figure 3(bottom) the solid black line displays the simulation from the bestestimate parameter-value set. One can see that in this approach, in addition to runoff, estimates of
upper and lower bounds (gray lines) provide measures of uncertainty.
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