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Abstract— Jupyter Notebooks are the most widely used system for
shareable and reproducible research. Within the DEMIX Working
Group, a Python Jupyter Notebook was developed for the analysis
and visualization of the DEMIX Wine Contest. It can be run on a
user's local machine or in the cloud using the Google Colab
platform. The notebook, as well as auxiliary files, are available in
GitHub. This article briefly describes its characteristics and usage.

1. INTRODUCTION

Jupyter Notebooks have become the most widely used system
for shareable and reproducible research [1-3]. It supports a
variety of programming languages, such as Julia, R, JavaScript,
and C, allowing the user to create literate programming [4]
documents combining code, text, and results with visualizations
and other rich media [5].

Within the DEMIX Working Group [6], a Jupyter Notebook
was developed for the analysis and visualization of the DEMIX
Wine Contest. This article briefly describes its characteristics and
usage. The reader is referred to [7] for the details of the DEMIX
Wine Contest. In summary, the contest is designed to rank a set
of Global DEMs based on a number of objective criteria
(although subjective criteria could be used as well). Each
criterion (such as RMSE) is used to rank the Global DEMs
against a reference DEM. Then, a set of criteria is defined and the
Friedman Test [8] is used to determine if the DEMs can or cannot
be considered statistically different. If there are statistically
significant differences among the set of DEMs, they are
compared pairwise using the test by Dunn with Bonferroni
correction [9] (a step called post-hoc analysis) and a final ranking
is produced.

The notebook, as well as auxiliary files, are available in
GitHub [10].

IL CHARACTERISTICS

The DEMIX Jupyter Notebook was developed based on
Python version 3.10.x and the Pandas, qgrid, Numpy, Matplotlib,
and Seaborn libraries [11-16].

As the idea behind the notebook was to provide a simple
“interface” to analyze the DEMIX Wine Contest data, the
statistical and plotting functions were implemented in the
demix wine functions.py file, although the user can alter some
plotting options, such as colors or symbols.

The notebook can be run on a user's local machine or in the
cloud using the Google Colaboratory (Colab) platform. While
running locally requires setting up a working python/jupyter
environment, it allows for more flexibility in terms of files’
location. Running it in Colab requires installing a specific version
of qgrid, and downloading external files from GitHub and
Zenodo. All the instructions necessary for the user to run the
notebook are included as comments within code cells or as rich
text.

III. USAGE

As input the Jupyter notebook takes the Wine Contest GIS
database [17] produced by MICRODEM [18]. The GIS database
contains signed (mean, median) and unsigned values (RMSE,
LE90, MAE) of the differences of elevation, slope and roughness
between the Global DEMs and reference DEMs, but only the
unsigned values are read for the Wine Contest. The signed values
are used to produce plots that help the user to explore and
understand the set of data being analyzed.

Before exploring the database, the user can define the values
for tolerances, which will impact the occurrence of ties between
the DEMs in the rankings.
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Display Database with qgrid

Any filetring/selection made here will propagate to the next step

# display database with qgrid - this allows for iﬁrerarrive filtering
grid = ggrid.QGridwWidget(df=df criteria)
displayigrid)
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Figure 1. GIS database rendered as a spreadsheet by qgrid. The selection between DTM and DSM is shown.

A pandas dataframe will be created from the GIS database,
and the qgrid library will provide an interactive spreadsheet
widget (Fig.1). This widget allows the user to query the database
by various properties, such as selecting between DTM and DSM,
filtering by DEMIX tile, area or difference metric.

It is imperative to select at least between DTM and DSM, as
the analysis will not provide meaningful results if these two
surface references are mixed.

A new dataframe is created based on the selection in the
spreadsheet widget. This new dataframe will then be passed to
the function responsible for the Friedman Test. This function will
return information about the tolerances, which filters were
applied to the database and the initial result, stating if the DEMs
have statistically significant differences among them, and if the
user can proceed to the post-hoc analysis (Fig.2).

Ranking with user-defined tolerances (might take a while...)

Filter settings for column REF_TYPE:['DSM']
Filter settings for column LAND TYPE:['CLIFF', 'STEEP']

Results of the DEMIX Wine Contest
For k=6, CL=0.05, and N=1770, the critical value to compare is chi crit=11.038

And since chi_r (5965.160) is greater than chi_crit (11.038)...
Yay!! We can reject the null hipothesis and go to the Post-Hoc analysis!!

Figure 2. Example of results of the Friedman Test. Filters include a selection of
DTM as surface type, CLIFF and STEEP as land types.

The next step is the post-hoc analysis, and the function will
return a table (Fig.3), where each row corresponds to one DEM,
and the columns are:

o rank — the final ranking, where lower is better;

e sum of ranks — numerical value of the sum of all ranks
for the DEM;

e sum of ranks divided by number of opinions — this value
might be used for comparing ranks made with different
sets of criteria;

Rank Sum of ranks Surm of ranka d?v?ded Ties with
by number of opinions
FABDEM 3.0 5958.0 3.366
CcoP 20 4471.0 2.526

ALOS 1.0 23725 1.340

NASA 5.0 7194.0 4.064 5.0

SRTM 4.0 7182.0 4.058 4.0

ASTER 6.0 9992.5 5.645

e ties with — with which DEM there is a ‘tie’, that is, these

DEMs don’t have a statistically significant difference
Figure 3. Example of the post-hoc analysis results, using the same filters as in

Fig.3. Here SRTM and ASTER GDEM are tied in 4" place.
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Figure 4. Scatterplot of 60 Wine Contests ran with different sets of criteria and tolerances. Rectangles over DEMs’ symbols indicate a tie between them.

The notebook also provides tools to analyze outputs by
creating graphics and figures. The plots included in the notebook
were intended to illustrate the publication [7], and the choice of
predefined parameters of colors, symbols, and text annotations
reflect this.

Included in the notebook are a plot of correlation matrices, a
customized scatterplot (Fig.4) of 60 wine contest ranks
(including database filters on surface type, land type, land cover,
geomorphometric indices, and two sets of tolerances),
scatterplots of signed metrics (means, medians), unsigned metrics
(RMSE, standard deviation), and of selected criteria per selected
tiles (chosen as representative of the metrics’ behavior). All
figures can be saved in common formats (e.g., .png, .svg). Note
that the plots are not produced in ‘publication-ready’ formatting,
as the author prefers to finalize the figures’ in an illustration
software.

IV. CONCLUSION

This paper presented the DEMIX Wine Contest Jupyter
Notebook, an open-source tool developed to provide an interface
to explore the DEMIX GIS database and to generate Wine
Contest results from several sets of criteria and tolerances. The
notebook is available in GitHub. Indications of errors, bugs or
suggestions to improve the code are welcome.
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