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Overview

s Status
% DEMIX past and present
» GCPIX ->tomorrow!

< Outlook
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TMSG status

Proceedings of the Terrain Mapping SubGroup (TMSQ)

= Re-activated early 2020 63"6\.
- as of Oct 10th 2024: of W\
o 60 subscriptions (-5) \)

o 15 countries
o ~50% with CEOS background (12 agencies)
o ~30% Geomorphometry.org (although they are overall more active!)

ongoing activities: DEMIX 'follow on', GCPix 'preparations'
virtual TMSG plenary 10 Oct 2024 - 20 participants

Subscription page: https://ec.europa.eu/eusurvey/runne/WGCV-TMSG_membership
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DEMIX outcome

after

" 4 years,

= 3 plenaries,

= Teams groups

= 3 subgroups, each with 5-15 active members,
= 130+ subgroup meetings, each with at least 4 participants
= 3 conference paper and video,

= 4 peer-reviewed publications,

= anew DEMIXtiling' system,

= 3 processing platform

= and a comprehensive final report (almost...)!
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https://doi.org/10.5194/isprs-archives-XLIII-B4-2021-395-2021
https://youtu.be/veZA4O1rU28
https://zenodo.org/record/7504791

Terminology

Revised terminology and developed
comprehensive definitions (glossary)
I reviewed paper published,

83 citations as of 10/2024: Guth et. al. 2021
(129 infGoogle scholar) : T
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https://doi.org/10.3390/rs13183581
https://doi.org/10.3390/rs13183581
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Global master grid (‘DEMIX-tiles’
Implemented

6" Case studies: VHR DEMs of Trentino, Italy
A_~4
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https://doi.org/10.3390/ijgi13030096

DEMIX ‘wine contest’

WORKFLOW

Step 1

Step 2

Step 3

Step 4

MICRODEM

Obtain high
quality source
elevation data

Prepare
reference
DEMs from
the source
data

Evaluate the
reference and
test DEMs

Rank the
global DEMs

Notebook

Obtain and mosaic DEMs covering test area
6 candidate global DEMs, 1", geographic
Source reference DTM: 1-5m UTM projection
Source reference DSM: if available

Aggregate reference DEMs to 1" spacing Convert to WGS84/EGM2008 if needed
Pixel-is-point Convert to ellipsoid, then to geoid
Pixel-is-area Use grids from NGA via PROJ and

For high lat COPDEM, separate Pixel-is-point national/regional mapping agency
For high lat ALOS, separate Pixel-is-area Use GDAL for areas in the USA

Process test areas and create GIS database

Compute test area statistics

Create difference outputs

Compute metrics

Produce Evaluations table with initial tolerances

Produce Wine Contest !

Produce Opinions table
Compute confidence levels
Produce final rankings
Adjust tolerances if required
Filter database

Produce graphics Courtesy: C. Grohman
| N
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DEMIX test area distribution

** 24 test areas, 236 DEMIX tiles (10x10km?)-on
four different continents with reference
data

**» Reference data preparation tool

< All major geomorphological landfor
landcover types represented
incl. coastal areas (partial water)

** 15 different criteria in 3 classes \
(Elevation, slope, roughness)

*%* Pixel by pixel comparison against reference
data Courtesy: C. Grohman

%* >55000 individual test scenarios

rows in opinions database
WGCV-54, 16-17 October 2024 Slide 9




Norway
Oxford

Caen
Valonne
Trentino
Vanoise
Pyrenees
Ebro Delta
Madrid
Republican River
Canyon Range
Redwoods
Shenandoah
Blackwater
Chincoteague
Almeria

State Line
Charleston
Canary East
La Palma
Pernambuco
La Reunion
S3o Paulo
Uruguay

LCCS 300m (2015)

|

I

WGCV-54, 16-17 October 2024

Iwahashi & Pike (2007) Meybeck et al. (2001) Geomorphons (2013)
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DEMIX test criteria

A) COPDEM elevation difference to Reference DTM  B) COPDEM slope difference to Reference DTM C) COPDEM roughness difference to Reference DTM
wofarea  Category T 5km ee—— 5 ofarea  Category T 5km eo— (0 of area  Category RET

2050% Positive Dif.>1.5m |4 g s 120% Positive Dif.>1.5% = 020% Positive Diff. >1.5% Ll 28
W 040% Negative Diff. <-1.5m — AT W 630% Negative Diff. <-1.5% M 130% Negative Diff <-15%

)

=
\
|

** 3 main classes of criteria:
elevation, slope, and

roughness

difference

Land type = FLAT (slope < 12.5%)  Land type = STEEF (25% = slope = 50%] Land type = BARREN

STD | | I

0P i et © Aeteence O 3 COP siope Dot Aekrence T oP rougnmes Deta  heteence O

Elevation
Fl
2
i

Shofarea  Category K 5km %ofarea  Category Sofarea  Category Wskm
8150% Positive Diff. >15m | g z 29.00% Positive Diff >1.5% 2 21.90% Positive Difl. »L5%
M 3090% Negative Diff <-1.5% i M 19.00% Negative Diff. <-1.5%

3 ; &

DSM
slope

Roughness

[ ]
I b D) SRTM elevation difference to Reference DTM E) SRTM slope difference to Reference DTM F) SRTM roughness difference to Reference DTM
u

0.4

Elevation
P
2R

DTM

slope
2, »
Hoo
|

Roughness
=
2,
EE]
|
|
|

RMSE

.E|eu3ti0n. Slope "Ruughness' E[e\raﬂgn. Slope 'Roughness .E[evatign“ Slope  Roughness
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... anhd the winner is:

AWARDS

@

RRIEN Overall best DSM | mm
' Best bTM | FABDEM
@ (except for steep terrain)
Al.-OS AW3D30 | sometimes 2nd place

might be better in steep terrain than FABDEM

-. s " /
[ N :
& // Courtesy: C. Grohm n °
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Overall appraisal

s CopDEM and FABDEM are clearly the frontrunners
% ALOS was generally the third best and sometimes second place

s FABDEM improves on CopDEM in most cases where a DTM is
required

% SRTM and NASADEM are distinctly in the lower half of rankings,
NASADEM only produced modest improvements and not throughout

*» Encourage users to move away from using them, unless historic data
are required

% ASTER should be used only exceptionally where truly justified
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Job done!

155 0000000

Peer reviewed paper accepted: Bielski et al 202
Final report close to release (JRC technical report)

Wine Contest Average Ranks
(sums of ranks / number of opinions)

A Wine Contest Ranks B,

EEEEs =

DTM-ALL(N=3540) ™ ®™

DSM-ALL (N=2010) m The Digital Elevation Model

C HE BN 1] ] [ =] =] Intercomparison eXercise - DEMIX
: Final Report
NASADEM 1 2 3 45 6 1 2 3 4 5
UM - LLIFT 1020 W : ) e i Raris Searg
DSM - BARREN2N=1935; I =} n.-.{_n- = o puiiaicn in EEC Trameciars F——— L VTS e TS

O
g priat o i) ettt
DSM- URBAN (N=1815) m -

DSM - FOREST (N=1740) m

[d Comparison of Six free and open Global
g a Novel Statistically Sound Framework
brity of the Copernicus DEM

C
L]
Ll
o
5]

. : SENEING, VOL. XX, 204
N GROSCTENCE ASTY REMOTE 55
(S TRANSACTIONS ON T

DSM - ALL pixels - ELVD_AVD (N=134)
DSM - ALL pixels - ELVD_STD (N=134)

DSM - ALL pixels - ELVD_RMSE (N=134)
DSM - ALL pixels - ELVD_MAE (N=134)
DSM - ALL pixels - ELVD_LE90 (N=134)

Novel approac

h for ranking DEMs: Copernicus

ond open global

DSM - ALL pixels - SLPD_AVD (N=134)
DSM - ALL pixels - SLPD_STD (N=134)
DSM - ALL pixels - SLPD_RMSE (N=134)
DSM - ALL pixels - SLPD_MAE (N=134)
DSM - ALL pixels - SLPD_LE90 (N=134)
DSM - ALL pixels - RUFD_AVD (N=134)
DSM - ALL pixels - RUFD_STD (N=134)

DEM improves one arc se¢
topography

frqquer. Senior Member, IEEE,

ber: [EEE, Carlos Lpez-V Huwker, Dean Gesch, Sebastiano Trevisani,

Conrad Bielski Me

I L Guth, Lauremne wler,
DSM - ALL pixels - RUFD_RMSE (N=134) o Carlos H. Grohmant Member, IEEE, Fbtm: L. R i, Axe] Corscas, Hannes 1. Re
DSM - ALL pixels - RUFD_MAE (N=134) &) Virgimia Herera-Crae Member; {EEE, Serge Riazand
DSM - ALL pixels - RUFD_LE0 (N=134) o Bl and Peter Strobl 36801 5
DSM - ALL pixels - RELIEF >= 500m (N=795) B 1 09/T G RS . 2024 : 3
DSM - ALL pixels - AVG_SLOPE < 18° (N=1320) a D 0‘ - 1 0 . 1
DSM - ALL pixels - AVG_SLOPE >= 18° (N=690) ‘] - - R L INTRODUCTION
DSM - ALL pixels - AVG_ROUGH >= 10° (N=195) [(mi jcul appronch .l*u-lplﬂ rvation
DSM - ALL pixels - AVG_ROUGH < 5° (N=1170) o Absract—We F:“L:Elnl atiam moibels (DEM) based on 1': VER the past two decades, several ?:}mmfb:m !
DSM - ALL pixels - FOREST_PCT >= 50% (N=540) 8 runge of candidale “d'ﬂ istically sound i block 0 i resulied in finer than huticn AN
DSM - ALL pixels - URBAN_PCT >=25% (N=240) M | = 5} defimed criteria : med complete S e (DEMs), most of which a0 e e b VA
1 2 3 456 1 . A
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https://doi.org/10.1109/TGRS.2024.3368015

Up to new shores!

% Coastal areas globally are witness to
growing disaster risks.

% The elevation/area around “Coastlines”
are the interface between land and
water (+/- 10m depth/height)

% Detailed elevation models are required  ="=" R
to estimate tide areas (sea level rise), —E= '
emergency (tsunami), environment
(e.g. loss of biodiversity), inhabitants
Impact (e.g. urban development)

% Objective: to test global coastal

H S : Tidal Dat — o
@ Ievatl O n d atasets P:::L:t:(;gz CSAgob:SL:g::sk— licenced obtained Further Reference: https://www.nature.com/articles/s41558-024-01950-
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https://www.oc.nps.edu/nom/day1/tidal_datums_fig17.gif
https://www.oc.nps.edu/nom/day1/tidal_datums_fig17.gif

More sites

e More test areas (124) and DEMIX )
tiles (3462).

e 4 additional global DEMs for a
total of 6 DSMs and 4 edited
DTMs. (SRTM, NASADEM, ASTER [
not evaluated) b

e 16 derived land surface
parameters (LSPs) in addition to
elevation.
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More criteria

17 geomorphometric parameters, 2 landform classifications, 2 hydr. vectors

Geomorpho- Additional Geomorpho- Additional

i i i P . C ti . C tati . . C tati
Criterion Meanin, Computing metric Computation Grids Algorithm Computation Criterion Meaning ot metric e Grids Algorithm Sopaare
g Category Avei 8 Softivie Category Catego Area Required Software
Category Required gory q
] ) ) Single grid Height above
ELEV Elevation Grid FUV Grid value el N/A N/A nearest Flow accu-
: - HAND dramalgc Grid FUV Hydrology Entire test mulation, [43] Whitebox
S CHATOV First 3 x 3 neigh- 34] NCROBEM (elevation related area streams Workflows
SR Slope = derivative borhood 3 :bove)
stream,
Topographic : 2
2 . First 7 x 7 neigh- — i . Flow accu-
TPI Pf’béf“’“ GrdFUV o ive foneats 135] MICRODEM WETIN Hetness Gridpuy  [harology - Entiretest oo, [44] WhiteboxTools
index area slope
Perceptive a v Sediment .
s 7 § Bl 3 x 3 neigh- Originally . Point and Flow accu- .
HILL Hillshade Grid FUV m(;l?)f or Fn’)st boced based on [36] MICRODEM IS (S]t(r)are\sl}:r:rtm Grid FUV H{j;‘:l‘(‘jgy downslope mulation, [45,46] V‘:}:}:{:;S?:g
erivative f[:clor)g neighbors slope )
Downward . Perceptive 8 radials out i - -
OEEND openness GRdiuY index t0 250 m 7] MICRODEM conN  Comvemence  gigpyy  Fhdrlogy 33 neigh- 147] putebox
d S
Upward < Perceptive 8 radials out -
OPENU ] Grid FUV : [37] MICRODEM Flow accu- i . i
openness index to 250 m ACCUM  mulation, log ~ GrdFUV 1Y dl“:";gy Entire test (48] ‘X,V hf;bof
Roughness transform relate area orkflows
’ e 5 x 5 slopes - -
RUFF (standard Grid FUV Second. 7x7 138] MICRODEM Fer-pixel Point Local neigh- WhiteboxTools
deviation of derivative levati GEOM Gemorphons raster classification borhood [49] +
slope) elevations) classification sificd MICRODEM
: Iwahashi and
Radial : Per-pixel
5 " ’ pix . .
RRI otighiness Grid FUV Sefor\d 5 x 5 neigh 139] MICRODEM P12 Pike 12 raster P.n.ml ‘ 10 cell neigh: (50] SAGA
: derivative borhood category PP classification borhood
index classification classification
PROFC Erdfile Grid FUV Secoril 8/ @meigh [20] WhiteboxTools Channel
curvature derivative borhood vork Whiteb:
‘."em or Vector Hydrology Entire test itebox
Tangent Second 3 x 3 neigh- CHAN_MISST  mismatch, 1 comparison related area (i Workflows +
TANGC Grid FUV SN [40] WhiteboxTools pixel wide P MICRODEM
curvature derivative borhood Ny
channels
ioh- i Ct ]
ROTOR Rotor Gridfyy ~ Secord 3 x 3 neigh [41] b i metwork , Whitebox
: i CHAN_MISS3  mismatch, 3 Cm:;“:ﬁ;m Hi’j:ﬂi” E“ti': :55' (17] Workflows +
PLANC Fin Grid FUV Secorid Spxomeigh- [42] WhiteboxTools pixel wide MICRODEM
curvature derivative borhood channels
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Fraction of unexplained Variance CE&

FUV=1-r2

(Pearson coef)

O =bestfit : &

1=no fit E RRRRRR
ELEVD © —re
ROTOR ® J

J
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SLPD_MAE
SLPD_LESO

=  Direct comparison

ELVD_MAE

of DEM pairs v e

performance o s

against DTM Ml e L - EL.

reference e

" Confirmation of. o

SLPD_LESO

‘wine contest’ e

findings

= Visually e |
compelling e |

SLPD_LE9SO

(tiles=3462)

AVG SLOPE<5 (tiles=996) AVG SLOPE>S (tiles=2465) AVG SLOPE>30 (tiles=885) AVG SLOPE>55 (tiles=262) BARREN PC>40 (tiles=492)
T TTT T T T T T T TT TTTTTT TTT T T T T TTT

RUFD_LE90
ELVD_MAE

ELVD_LESO |

25 50 75
Win/tie/loss (percent)

25 50 75
Win/tie/loss (percent)

25 50 75
Win/tie/loss (percent)

25 50 75
Win/tie/loss (percent)

“cop "FABDEM _TANDEM " ALOS ®NasSA ™ SRTM ®ASTER)

ASTER

NASADEM

TanDEM-X

25 50 75
Win/tie/loss (percent)

FABDEM

25 50 75
Win/tie/loss (percent)

Courtesy: P. Guth
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Focus on coastal areas

DeltaDTM

Comparison to DTM

v DiluviumDEM

= CopDEM showing some
weaknesses at lower elevation
values

UFF_FUv
PENU_FUV
croy | CoastalDEM

= But many products particular
designed for coastal zones do not
deliver better on more complex
criteria

FABDEM

35 2rpagdseis
B8 BFafifsszE
i1 Tt

gz

i

P
g

1;5;
gl“gg

ruv ALOS

i
i

EEEiee

25 50 75 25 50 75 25  s0 75 25 50 75
Win/tie/loss (percent) Win/tie/loss (percent) win/tie/loss (percent) Win/tie/loss (percent)

[Fcop ®FABDEM " ALOS ®Coast  Diluv ® Deltal Courtesy: P. Guth |
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- . S e ks
Hallucinating DTMs &
" Comparison over mostly y
barren areas shows that Al- ‘
assisted removing of surface T
featu reS nOt always Delta - CopDEM Diluv - CopDEM FABDEM-CopDEM
enhances the DEM B aooe et B b sio sio ain

" | egst affected seems to be
FABDEM

Courtesy: P. Guth

CopDEM Landcover 100 m
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DEMIX reloaded—more DEMs, areas, criteria C E ﬁ

E remote sensing rfw\ng

Article

Ranking of 10 Global One-Arc-Second DEMs Reveals
Limitations in Terrain Morphology Representation

Peter L. Guth *(7, Sebastiano Trevisani 2, Carlos H. Grohmann 37, John Lindsay (%, Dean Gesch 57,
Laurence Hawker 7 and Conrad Bielski 7

https://doi.org/10.3390/rs 16173273

124 test areas, 3462 10x10 km test areas

" COP “FABDEM _TANDEM ™ NASA ®SRTM ®ASTER " ALOS]

CopDEM best compromise Derived grids vary in quality Moderate slope best for DEM quality

Focussed assessment on coastal zones and low elevations
Massively expanded number of test sites

Many more complex criteria (e.g. for geomorphometry and
hydrology)

Subjective criteria for hundreds or thousands of test tiles not
feasible.

CopDEM remains best DEM, even compared to reference or edited
DTMs.

Edited DTMs improve on elevation metrics but worse for derived
LSPs (hallucinate).
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https://doi.org/10.3390/rs16173273

Committee on Earth Observation Satellites

GCPIX (tomorrow)




Committee on Earth Observation Satellites

TMSG Quo Vadis?




TMSG & DEMIX future

= DEMIX report to be finished!

= Stop here or continue — change DEMIX ‘brand name’?
= Probably abandon or re-shape focus groups?

= Proceed with Teams group and channels?

= processing platform (VtWeb), relation to CAL ...

= How to get GCPIX started (needs a moderator)! “ap‘m%\'
= Linking DEM and GCP studies (3D GCPs) G.\S(e—s xo'\o.\“
e ec’t‘““e i

= Should we look into global grids - who else? ppe““d o
= Finally a new (vice) chair?

Subscription page:
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https://ec.europa.eu/eusurvey/runner/WGCV-TMSG_membership

Upcoming Meetings

< VH-RODA WS
2-6 December 2024, Frascati, Italy
https://earth.esa.int/eogateway/events/vh-roda

% Geomorphometry 2025
09-13 June 2025, Perugial(!), IT
https://www.geomorphometry.org/2025

> Piggy-backed by 2025 TMSG plenary

** Living Planet Symposium

23-27 June 2025, Vienna, AT
https://Ips25.esa.int/
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CE

Committee on
Earth Observation Satellites

any guestions”

Peter.Strobl@ec.europa.e
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