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Abstract

The aim of this project is to develop a number of “Energy Balance Models Simulators” [1], dedicated
to climate science, to be used for e-learning. Multimedia is generally thought of as an added value for
teaching and learning activities in particular those dealing with complex nonlinear phenomena such as
climate. Recently, a growing interest in computer-based simulation tools has prompted the
development of innovative learning strategies for an easy access both for learners and teachers. One
such strategy is the use of web-based applications. Up to now, only a few more-or-less user-friendly
graphic interfaces [2,3,4,5] have been developed. New and improved methods may turn out to be
more beneficial for learners than plugging numbers into memorized equations for which no connection
to the real world exists. The online graphical simulation is thought of as an efficient way of
understanding the complexity of climatic systems.
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1. INTRODUCTION

Courses and teaching methods require constant improvement and must also be adjusted to deal with
classes having wider objectives. Traditional pedagogical supports such as blackboard, textbooks,
transparencies and videos have been complemented by computer-based e-learning tools, allowing
teaching to take place in a more polyvalent, ordered and appealing educational environment.

For this reason, we decided to develop a number of simple climate model interfaces aiming to improve
teaching of climate and climate change concepts. One main advantage is that these interfaces can be
used remotely, outside the lecture hall, thus helping to optimize students’ understanding of climate
concepts wherever computers connected to external networks are available.

In the following study, an e-learning resource is described in which user-friendly didactic climate
model simulation for teaching and learning purposes are developed. This is currently done by
interfacing Fortran [6] and Java scripts [7]. This allows learners to interact online easily using sliders



and boxes [Fig.2., 13] where parameter values can be modified and to appreciate the results by
means of an attractive built-in graphic interface. Learning with more innovative pedagogic methods
may turn out to be more beneficial for learners than plugging numbers into memorized equations for
which no connection to the real world exist.

2. METHODOLOGICAL ASPECTS

Many computer languages can be used to code these simple climate models (e.g., C, Basic, etc.) but
we decided stay with Fortran [6] for two reasons. First, the code for the model had already been
developed. Second, Fortran is very well known in the technical and scientific domain for its very fast
computing times and for being independent of the machine, i.e. it does not depend on a platform but
only on the compiler.

As Fortran does not have graphical libraries, we turned to the Java language [8], which fits very well
for this project. The principal characteristic of the Java language is its portability on several operating
systems. This is a very important point in our project, since our goal is to make these applications
platform independent. Java allows developing autonomous applications but also especially client-
server applications. The server-side is the part which will be used in order to generate a graphical
result.

For this reason we decided to create a Java Server Pages [9], referred to as JSP Web interface [10],
in order to make these simulators widely available through the Web, thus avoiding the problem of
different platforms. To make that possible we installed a Web server [11] which supports JSP files [12]
and allows us to generate the final result of the simulator in a graphical form.
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(Fig.1. Screenshot of the general processing schema)



To summarize, our procedure consists of four parts: 1) the creation of the input file according to the
parameter values given by the user; 2) the input file is bounded to the Fortran script which generates
an output data file; 3) the output file is parsed to isolate the needed data; 4) the results are displayed
in a graphical form.

3. RESULTS

3.1 Parameter values

The first step of our simulator is the creation of the input file according to the parameter values given
by the user through the Web interface. The user has to choose the parameter values of the simulation
using the sliders and boxes [Fig.2., 13] created for this purpose. After choosing, the user has to send
them to the server which will generate an input data file with all the parameter values. That brings us
to the second step of our project.
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(Fig.3. Code Javascript for a slider)



3.2Fortran & Java
The second step of the project is divided in two parts:

e The first one is to bind the input file containing parameter values to the Fortran program as an
input which in turn generates a complex output data file [Jcontaining all the data of the
simulation (many pages of data). Only a few of these data are used in our simulator. That's
why we need to parse this complex output data file, in order to isolate the data needed to
create the results and to make it faster. That's the content of the next section.

e The second part of this step is to allow the connection between Fortran and Java. As our
Fortran programs are compiled under Windows operating system (*.exe files), it is imperative
to make a process call to get the data from the Fortran program. This process is done through
the Java server which launches a runtime execution through the Web interface to store the
data in a temporary file.

Process process;
pracess = Runtime.getRuntime().exec("cmd.exe /c sfart " + path + "emb.ba™);

(Fig.4. Process call in Java)

3.3Parsing the necessary data

Once the data are stored in a temporary file, the next step is to parse it. Parsing is the process of
analyzing a sequence of tokens in order to determine which data is needed for the simulator. In our
case, this process allows us to transform input text from a file into a data structure, an ArrayList, which
is suitable for later processing (to draw the graphics). | will not extend on this aspect, because the
parsing is done with algorithms composed of Java functions.

1.000000  60.000000  365.000000  6.500000
2.500000  300.000000 1.600000 3.000000E-01
275.000000 468.000000 5000000E-01 1.000000E-01
8500000  77.000000 ... (meny pages of deis)

Parsing

\

|y it ArvoryList

1.000000
60.000000
3656,000000
6500000
2.500000

200000000
5.000000E-01
8.500000

(Fig.5.Parsing of temporary file data to an ArrayList )



3.4Display of results

The last point of our simulator relates to the creation of the results. A number of students were asked
to evaluate these model interfaces, and the results have been compiled and analyzed in order to
evaluate this simulation. They were asked to answer a number of questions regarding the model’s
format (visual layout, graphics) in relation to their structural aspects (sliders, parameters, functions).
Individual answers were then compiled and analyzed in the context of the e-learning environment to
verify if these simulators were bringing added value to the teaching environment. That's why we have
decided to represent the results in two types of graphical form [Fig.6., Fig.7.] to facilitate the
comprehension of the theoretical concepts behind climate phenomena, which would surely not be
perceived the same if students were confronted with a list of numbers like before.

As Fortran does not have graphical libraries, we turned to Java2D, which fits very well for this kind of
project. Java2D is the graphical library of Java and provides a multitude of drawing functions which
make it possible to trace all kinds of geometrical figures in two dimensions. We have decided to link
this power of Java with the power of Fortran with its very fast computing times resulting in a robust
online graphic tool.

The results can be represented in several forms:

Graph of curves [Fig.7.]

Graph of zonal temperatures (°C)

Graph of zonal toa albedos (%)

Graph of zonal clouds (%) Graph of a planisphere [Fig.6.]
Graph of outgoing infrared radiation (W m-2)

Graph of absorbed solar radiation (W m-2)

After having analyzed the results of the survey, we determined that some characteristics had to be
present on each graph as follows:

e To be able to save the results in a file (less than 50KB) allowing students to work outside the
lecture hall with all the parameter values corresponding to the simulation.

e Only the northern hemisphere of the image is treated to avoid the redundancy data with the
southern hemisphere.

e The creation of the image must be done quickly (less than 5 seconds) to allow the user to
make many tests without having to wait a long time, because that makes any tool unusable.

e To be able to print the graph so that it is readable and complete with all the basic parameter
values given by the user.
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4. CONCLUSION

The development of this project leads us to the conclusion that, by complementing the learning context
with appropriate tools, students may understand complex information more easily. We believe this
justifies the development of such e-learning technologies where a more complete toolbox using similar
“models” is definitely needed.

These simulators are the first phase of a larger project to develop a much wider climate-oriented
toolbox. Through the study of simple climate systems and their interactions using the simulators, it is
proven that students would gain a better understanding of the fundamental processes controlling the
climatic system.

Currently, a global radiative-convective model (RC), based on the same system as described above
(i.e., Fortran + Java), is under development. This model will allow a deeper understanding of the role
played by atmospheric greenhouse gases on the atmospheric temperature profile and thus on the
thermal equilibrium of the Earth using an interface similar to that developed so far. We plan to have
these simulators run independently of the platforms and operating systems.

E-learning resources provide a quantity of innovative methods, and in this study we have
demonstrated to some extent their potential to develop efficient and useful tools having a definite
added pedagogical value.
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