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Subjective Criterion for the DEMIX Wine Contest:
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Abstract—Evaluation of the hillshade map provides a significant tool
for evaluating the quality of digital elevation models. The DEMIX
wine contest provides a statistically rigorous way to compare and
rank DEMs, and applies the method to evaluate 6 global 1 arc second
DEMs. The wine contest used only quantitative criteria; we present
an example using the qualitative hillshade map to verify that the
wine contest works with either quantitative or qualitative criteria as
DEMIX proposed. Our results verify the COPDEM and ALOS are
much better than SRTM, NASADEM, and ASTER, and that those
three should be retired with the advent of much better technology.
We also highlight the challenges in getting enough judges to look at
enough DEMs to approach the number of opinions possible with
quantitative criteria. Qualitative test will probably remain a useful
adjunct to much more numerous quantitative tests.

I. INTRODUCTION

Digital elevation models (DEMs) represent a fundamental
building block for work in science, engineering, social science,
government, and the military. DEMs at 1” (arc second, about 30
m) provide the best resolution freely available globally. The
DEMIX group is working to compare and rank 6 of those DEMs,
and created a database to support their work [1,2,3,4]. The
DEMIX wine contest provides a framework for ranking DEMs and
providing statistical significance for the results. An oenological
wine contest frequently involves subjective assessments from
experts, and the DEMIX group noted the ability to use subjective
assessments for a DEM wine contest, but did not include any
subjective criteria in their initial results. We will use a subjective,
visual criterion, show the challenges in applying it to a large
number of test areas, and demonstrate that our application of the
subjective criterion validates the DEMIX group findings [3] that
COPDEM, ALOS, and FABDEM are demonstrably much better
than SRTM, NASADEM, and ASTER.
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Il. METHODS

Nothing in the wine contest precludes subjective criteria tests;
for demonstration purposes, during spring 2022 we experimented
with showing 16 “experts” hillshades of the DTM from DEMIX
tile [5] N28VWO018B covering part of La Palma in the Canary
Islands (Figure 1). The DTM was created by aggregating a source
DTM from the national mapping agency, using the 2 m DTM to
create a 1 second DTM to match the global DEMs. Using a Google
form [6], we asked the “experts” to rank the subjective visual
quality of the maps. In addition to the images, they had an
animation cycling though the hillshades which highlights
differences. They were not allowed to have ties in their rankings.

During spring 2023 we repeated the contest with a larger
number of “experts”, several different test areas (two in the
western US, and one in the Italian Alps), and improved
methodology. Our initial assumption was the students who
constituted the bulk of our “experts” did not know anything about
the 6 DEMs, and the original test included the DEM names (as
Figure 1). The revised test removed the animation and the DEM
names, and presented the DEMs in a different random order for
each test areas. We will also run the contest during
Geomorphometry 2023 in lasi, both to demonstrate the method
and to collect additional data.

I1l. RESULTS

The Google Form [6] provides the test administrator a figure
online (Figure 2) showing a quick visualization of the results, as
well as individual results from each judge which we do not need.
The Form program downloads the results in a CSV file for import
into a spreadsheet. We rearranged the results to get the alternative
graphic (Figure 1) which we feel more closely shows the results.
We also ran statistics (Figure 3), using the wine contest Jupyter
Notebook [7,8]. Table 1 summarizes the scoring for each iteration
of the contest, and Figure 4 shows the overall evaluation of the
overall results.
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Figure 1. Hillshades of DEMIX tileTile N28VVWO018B, and the distribution of expert opinions for each of the 6 ranks. Low score in best.
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Figure 2. Google Forms automatic display of survey results.
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Figure 3. Hillshades for the three additional DEMs used for the second iteration of the contest.

Table 1. Wine contest average rankings for the 6 DEMs. Low score wins.

NUMBER
Area DEMIX_TILE JUDGES JUDGES COPDEM | ALOS | FABDEM | NASA | SRTM | ASTER
La Palma N28VW018B USNA 2022 17 247 | 194 3.35 3.71 4.59 4.94
Canyon Range N39RW113)J USNA 2023 24 213 | 271 192 | 467 | 4.63 4.96
Canyon Range N39RW113J) IUAV 2023 36 206 | 211 2.06 4.47 4.64 5.08
Bolzano N46XE012B IUAV 2023 36 2.78 | 2.53 2.14 | 4.42 | 4.00 4.97
Republican River | N39UWQ98F S3o Paulo 2023 41 224 | 2.76 2.20 4.24 4.05 5.54
Average all tests 2.27 | 2.39 2.51 | 4.27 461 4,95

Ranking without tolerance

No filters applied

Results of the DEMIX Wine Contest

For k=6, CL=0.85, and N=188, the critical value to compare is chi crit=11.033

And since chi r (430.675) is greater than chi_crit (11.e38)...
Yay!! We can reject the null hipothesis and go to the Post-Hoc analysis!!

Sum of ranks divided

Rank Sum of ranks by number of opinions Ties with

FABDEM 10 4225 2247 ALOS, COP
COP 20 4575 2434 ALOS, FABDEM
ALOS 30 465.0 2473 COP FABDEM
NASA 40 8155 4.338 SRTM
SR 50 818.5 4.354 NASA

ASTER 60 969.0 5.154

Figure 4. Wine contest ranking and statistical significance matrix. “Ties with” means the DEMs are not statistically different in this test.



V. DISCUSSION

The results show a clear preference for COPDEM, FABDEM
and ALOS; the results are quantitatively confirmed when using the
wine contest statistics. The top three DEMSs, and the bottom three
significantly lower in the opinion of the judges, are the same as
those from the DEMIX results [3] which relied on over 20,000
quantitative opinions for 15 criteria using 133 100 km2 tiles from
19 areas spread over three continents.

While the hillshade maps show elevation with color, slope and
surface roughness, derivatives of elevation, dominate the visual
display. For many users these are more important characteristics
of the DEM, but as emphasized by the DEMIX group, users must
select the comparison criteria that most closely match their
requirements.

For these areas, the difference between FABDEM and
COPDEM are minimal and would be very hard to differentiate in
a hillshade map, verified by the similarity in their contest scores.
While NASADEM improved on SRTM for the elevation
differences compared to the reference DEM, it generally has very
little effect on the slope and roughness differences [3,4]. Since
slope and roughness determine the hillshade, the judges did not
clearly differentiate NASADEM and SRTM.

V. CONCLUSIONS

Other potential subjective assessments for DEMs include
topographic profiles [9,10] or elevation-slope plots [9,12,13].
DEM quality varies with land cover, land forms, and the slope of
the terrain, so the test areas should cover a wide range of
conditions.

The design and implementation of an expert-based approach to
criteria evaluation is not a trivial task. The approach requires a
considerable effort to collect this data and does not easily scale to
multiple test regions. The demands on the judges to evaluate
multiple DEMs mean that we could never reach the hundreds of
test areas, and over a dozen criteria, which are possible with
automated quantitative criteria. In our first iteration the DEMs
were always in the same order; for the second iteration, we used
multiple test areas which always had the DEMs in the same order,
but varied in not showing the same DEM first or last in every test
area. This was the best we could do using Google forms. It would
require custom programming to make an ideal survey, and an
effort to collect multiple experts willing to judge a number of tiles.
Custom programming would also allow judges to give ties.

Despite the challenges, the test shows the power of the wine
contest to evaluate DEMs, and that subjective criteria can be used.
While the statistical validity of qualitative criteria may have
caveats due to relatively small sample sizes, it provides another
metric that users can evaluate in deciding which DEM they prefer

to use, which in the end comes down to a value judgment. The
mean of the differences to terrain parameters cannot be used in the
wine contest, but means also provide information about where the
candidate DEMs are low or high, too steep or too flat, and too
rough or too smooth. SRTM, NASADEM, and ASTER should be
retired, and users should choose among COP, ALOS, or
FABDEM, all of which are very similar to the reference DTM.
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