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Agenda

* OSM history analysis - with the ohsome framework

e Towards ohsome 2.0
e OhsomeNow - near real time OSM stats

 Whatis new in 2025 & forthcoming 2026
* from OSHDB to ohsome planet

* Case study Landuse change

* Laverdi initial results: . .
Detecting landuse change via OSM & remote sensin
(project with German national mapping agency BKG%

 Summary & Outlook
« Complementary use of Street View Imagery (for road attributes etc.)
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OSM Data Quality Analytics
FI’CI meWO I’k OSM History Data Analytics Ijatform

% ohsome quality analyst !~

. S . o

. hetengeneous OSM quq“ty I OSM History Explorfiggg
:Q_ ohsome dashboard ‘w .

- need for a framework
supporting global OSM analysis

- reproducible & sustainable
=> Towards a

ohsome2label

ohsome-py / ohsome2x m

ohsome API ((

OSHDB Java

OSM data quality analytics

framework O h some
2.:Som

Raifer, M, Troilo, R, Kowatsch, F, Auer, M, Loos, L, Marx, S, Przybill, K, Fendrich, S, Mocnik, FB & Zipf, A (2019): OSHDB: a
framework for spatio-temporal analysis of OpenStreetMap history data. Open Geospatial Data, Software & Standards, Springer.

HEIGIT

-
_& __, Processing by Big Data Frameworks
) 9% — — (Apache Ignite, Spark etc.)
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https://opengeospatialdata.springeropen.com/articles/10.1186/s40965-019-0061-3

IOSManalyser: Intrinsic Quality

Indicators \\

General Area Information

*Development of OSM Features & —

Tags |

Currentness of Data

+ Creation-vs. Editing

*Syntactic Attribute Accuracy

. Poé@tional Accuracy of Junctions
|

User Information &
Behaviour

‘Routing & Navigation

*Road Network Completeness
« Attribute Accuracy of Roads |
*Road Network Currentness |
*Logical Consistency & Positional !
Accuracy of the Road Network
= Roads without a Name or Route
Number

\ =MNumber of Contributors }
=Contributor Activity
=Distribution of Contributions
s User Profiles

Fitness for

o

Purpose

Map-Applications \
»Geometric Polygon Representation Geocoding \"‘-.‘
*Untouched OSM Features «Development of Address
#Invalid Polygons Information
'\ *Logical Consistency of “landuse” Completeness of Address
notations

\ Polygons
\

»Development of selected Polvgons = Completeness of House Numbers

tagged to Buildings

Bgnts of Interest-Search \
* Development of POls |
/I +» Average number of POl Tags [
— |\ s Attributive Completeness of POIs \_\

Barron, C., Neis, P. & Zipf, A. (2013): A
Framework for Intrinsi
Transactions in GIS . DOI:10.1111/gis.12073.

mprehenswe
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penStreetMap Quality Analysis.

Example User Contrlbutlon Index

Jokar A., J., Mooney, P., Helbich, M., Zipf, A.,
(2015): An exploration of future patterns of
the contributions to OpenStreetMap and
development of a Contribution Index,
Transactions in GIS. DOI:10.1111/tgis.12139.
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Analysing mapping respose to Nepal

earthquake 15

Intrinsic indicators are used to
investigate OSM mapping activities

Auer, M.; Eckle, M.; Fendrich, S.; Griesbaum, L.; Kowatsch, F.;
Mar, S.; Raifer, M.; Schott, M.; Troilo, R.; Zipf, A.
(2018):_Towards Using the Potential of OpenStreetMap History
for Disaster Activation Monitoring. ISCRAM 2018. USA.
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http://idl.iscram.org/files/michaelauer/2018/1558_MichaelAuer_etal2018.pdf

Fitting different type of saturation
curves

Modell Verlaufsform Funktion
SSlogi: beschrénktes,
Ulm, kreisfreie GroRstadt Dresden, kreisfreie GroRstadt o8 |gtht oty — M
Xmig—input
800 T T - Wachstum Ate s
3000 SSfpl beschranktes,
) A+ (B - A)
logistisches flinput) = ————
g 600 g Wachstum (1+e scal )
E E 2000 SSmicmen beschréanktes
§ % Wachstum f(input) = U X input
=
g A00 g (Michaelis Menten) (e fmpuey
© ] Al
E E 1000 SSasymp beschrénktes F(input) = Asym + (R, — Asym) x o—esp (roxinpue)
< 200 < Wachstum
SSlogis | SSasymp
0 0
Residualstandard-
2010 2015 2020 2010 2015 2020 0,06 0,04
fehler, relativ
Leipzig, Landkreis Pforzheim, kreisfreie GroRstadt Steigung
fr”f (Abweichung) 3 8
400 = [Geschifte/Jahr]
750 \‘N—o—-\w—’/
2 2 Asymptote 585 718
o W 300
o o Volistdndigkeit [%] 93 76
@ 500 0]
O] O]
= = 200
N N
& 250 2. Briickner, J., Schott, M., Zipf, A., Lautenbach, S. (2021):
Assessing shop completeness in OpenStreetMap for two
0 0 . 3 3 g
federal states in Germany, AGILE GlIScience Series. 2(20): 1-7.
2010 2015 2020 2010 2015 2020

DOI 10.5194/agile-giss-2-20-2021.
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https://doi.org/10.5194/agile-giss-2-20-2021

OSM building completeness in urban
centers

oe>

Completeness

O
So

«20% [9163]

20% - 40% [508]
B 0% - 60% [588)
B co%-20% (682)

B --50% [1548)

Population

a0Mm

10M

™
Author: 8, Herfort, 2023
Data: OpenStreetMap

contributors, Urban Centre _~ FOR BDOSSORIATION
Database UCDB R2019Av1.2 HelGIT oo

B. Herfort et al.: Investigating the digital divide in OpenStreetMap: spatio-temporal analysis of inequalities in global
urban building completeness. Nature Communications 14, 3985 (2023). https://www.nature.com/articles/s41467-023-
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https://www.nature.com/articles/s41467-023-39698-6

Trends in Corporate Mapping in OSM

Trends in corporate mapping in OSM between 2019-06-01 - 2023-05-31 Absolute and relative number of corporate map edits in OpenStreetMap (2019-06-01 - 2023-05-31)

Corporate Edits
[absolute]

15M
5M
™

Corporate Edits
[relative]

<1%
1%-10%

[ 10%-20%
B 20%-30%
W 30%-40% 3 A
> 40%-50% e FOR GEONEORMATION L. ’ 3
= >50% HEIGIT | rexsioneomane ot SpenSirestiten conembatrs
Normalized Difference Index [\,
B -1--0,71 (strong decrease)
[ -071--043
-0,43--0,14
-0,14- 0,14 (no change / no activity) \a
0,14-0,43
B o043-071 o
Ly HEIDELBERG INSTITUTE 3
. i FOR GEOINFORMATION Authors: L. Tockner, B. Herfort, 2024
. 0,711 (strong increase) He|G|T TECHNOLOGY Data: OpenStreetMap contributors

Tockner, L., Herfort, B., Lautenbach, S., & Zipf, A. (2025). Corporate mapping in OpenStreetMap — shifting trends in global
evolution and small-scale effects. Geo-Spatial Information Science, 1-20. https://doi.org/10.1080/10095020.2025.2493076
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https://doi.org/10.1080/10095020.2025.2493076

Ohsome: use cases & applications

a: OSM QUALITY ANALYSES ~ Buildings (count) O Heidelberg (o4

high currentness

Currentness

In the area of interest 53% of the 30610 features were edited (created or modified) for the last time
inthe period between 01 Oct 2022 and 01 Oct 2025. Most features are up-to-date.

8.0%
Last Edit to a Feature
7.0% W 53.4%younger than 3 years
26.1% between 3 years and 8 years 2000
6.0% M 20.5% older than 8 years
g S0% 1500 g
v "
e <
é 4.0% 5
] ®
& 1000 &
3.0%
2.0%
500
1.0%
0.0% o
Jan 2010 Jan 2015 Jan 2020 Jan 2025

Date of Last Edit

data quality analysis

2 OSMQUALITYANALYSES  Buildings (count) O Heidelberg

undefined none

User Activity

In the period between Sep 2022 and Sep 2025 a median of 22 users added or edited objects of the
selected topic in this region. This is a no-quality indicator. No quality estimation will be calculated.

40
Users per Month
35  mmm 12-Month Weighted Avg
== = Last 36M Trend

Active Users [#]

Jan 2010 Jan 2015 Jan 2020 Jan 2025

Date

history insights

~ ~
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W concrete
[ Paving Stones
Compacted g
Fine Gravel
Gravel
Cobblestone g
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I Other Paved Surfaces

T4
[ Unpaved (Unspecified)
[ other UnpavedSurfaces 7|
4 M unknown

ss

data extraction
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OSM history insights

10

a: OSM QUALITY ANALYSES Buildings (count) O Heidelberg

User Activity

In the period between Sep 2022 and Sep 2025 a median of 22 users added or edited objects of the
selected topic in this region. This is a no-quality indicator. No quality estimation will be calculated.

40
Users per Month
35  me 12-Month Weighted Avg
== = | ast 36M Trend
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o
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Date

How active is the OSM
community?

Shows the count of unique
mappers per month for the
selected topic.

N> HEIDELBERG INSTITUTE
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ohsome "G staTs

up-to-date and global scale overview
statistics on
mapping activity in OpenStreetMap

HEIGIT
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OhsomeNOW Stqts stats.now.ohsome.org

+  ohsome T stats

a2 @ V] 3]

o Keep blank or Enter a hashtag 257,828 247,110,068 3,326,423 37,892,492

Current Features: == | ol | &
- Overview Statistics

- Country Map + afl i
.||
« Timeline Plot — |

- Trending Hashtags Chart- — ”

wwwwwwwww

AN
AN

2-'— \
« Data Download =0 ¢
U N - ©. 90 o A
® LIVe M Ode SR A:‘n:’ ® Asia ‘*V; ‘=fj o , -
/“\‘ % 04 ; 0 kw_,." é}'_; L -~
s sodevges S0 FRERR e

4 Export data as CSV ‘ . e : ’ "*)v, L Y

II ° o ‘ . h L) o "'q‘. a0 i { X N “, ”“‘).", 6“;- ‘;7;‘._‘ ot :.._. {

Every edit made to OSM is .= = Ty “TE.C el | NEL | SEEERE
tatistics dat = . Oceanii g .

instantly reflected on the — - = 0 G0 . e —3by

This csv file )

dashboard, just a few minutes e 0~ |

butors per country

after it happens.” e | —
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http://stats.now.ohsome.org/

Overview statistics on topics

Currently, you can calculate overview statistics for up to

17 topics at the same time.

For each topic you can check the number of (created, modified,
deleted) OSM features.

3 ® (M S
257,851 289,839,551 3,812,181 163,502
Overview statistics for B 38089546 N g N & N Qs
bU||d|ngS In Germa nv 41,386,715 szmszs 3,297,169 o 168’?81 ) 33'9|23 99'37_5|
Created Modi hL’C Deleted 4 Educational Institutions A Financial Services & Healthcare Facilities
04-2005 - 07-2025
AaY " s " oS ' 4
348,192 23845 5,234,705 1,524,801
* of Land Use / Land Cow: 4 Places A Points of Interest 4 Power Grid Features
a : o ‘ ) : L
6,850,374 476,260 116,825 140,674
A km of Roads 4 Shops 4 Soqal Facilibies A WASH Facilities

——
prumuny
s

453,892
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https://stats.now.ohsome.org/dashboard#hashtag=&start=2005-04-09T20:54:39Z&end=2025-07-23T13:58:52Z&interval=P1Y&active_topic=building&countries=DEU&topics=amenity,body_of_water,building,contributor,education,financial,healthcare,lulc,place,poi,power,road,commercial,social_facility,edit,wash,waterway

ohsomeNow stats - Timeline Plot

shows how mapping in OSM has changed over time.

You can optionally filter for a OSM changeset hashtag or using
a list of countries.

‘ “I want to know how many
mappers edit OSM every
‘ months since 2004 in

about 9,000 monthly active mappers in Germany in 2025



https://stats.now.ohsome.org/dashboard#hashtag=&start=2005-04-09T20:54:39Z&end=2025-07-23T13:58:52Z&interval=P1M&active_topic=contributor&countries=DEU&topics=contributor

ohsomeNow stats - Timeline Plot

shows how mapping in OSM has changed over time.
You can optionally filter for a OSM changeset hashtag or using
a list of countries.

20

“Using hourly intervals can
show the effectiveness of
‘ single mapathons.”

JI_\IMLLJM b b

Jul 18 Jul 19 Jul 20 Jul 21 ul 22 Jul 23 Jul 24
2023

Hmissingmaps drk

# of contributors

15 Vavy HEIDELBERG INSTITUTE

H el ( ; IT FOR GEOINFORMATION
TECHNOLOGY


https://stats.now.ohsome.org/dashboard#hashtag=missingmaps_drk&start=2023-07-16T22:00:00Z&end=2023-07-23T22:00:00Z&interval=PT1H&active_topic=contributor&countries=&topics=contributor

ohsomeNow stats - Timeline Plot

shows how mapping in OSM has changed over time.

You can optionally filter for a OSM changeset hashtag or using
a list of countries.

“Larger intervals of several
days or even months can
give information about the
success of long-term

mapping campaigns.” | ‘“ i ummnm

]6 HEIGIT

# of contributors

#Hyouthmappers

HEIDELBERG INSTITUTE
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https://stats.now.ohsome.org/dashboard#hashtag=youthmappers&start=2005-04-09T20:54:39Z&end=2025-07-23T13:58:52Z&interval=P1M&active_topic=contributor&countries=&topics=contributor

ohsomeNow stats - Country Map

Get an interactive world map on mapping activity per country

H#Hcovid19

17

“How many buildings were
added per country during
the Covid-19 response
mapping?”

N> HEIDELBERG INSTITUTE
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https://stats.now.ohsome.org/dashboard#hashtag=covid19&start=2019-12-30T21:00:00Z&end=2025-07-22T22:00:00Z&interval=P1M&active_topic=building&countries=&topics=building

ohsomeNow stats - Country Map

“Compare mapping activity between two time intervals:
As of 2025, OSM has grown into a truly global community and

IS less biased than during its inception.”
2005 - 2015

2015 - 2025

NOIQ
‘Ame \ 1
°
o 2
C" o
- 4 °
@2
o
@ P ° )
Seu Oceania
AmePica ® ‘
®°
/ Stadia Maps © Stamen Design © OpenMapTiles © OpenStreetMap contributors'
- =
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https://stats.now.ohsome.org/dashboard#hashtag=&start=2005-04-09T18:54:39Z&end=2014-12-31T22:00:00Z&interval=P1Y&active_topic=contributor&countries=&topics=contributor
https://stats.now.ohsome.org/dashboard#hashtag=&start=2014-12-31T22:00:00Z&end=2025-07-22T22:00:00Z&interval=P1Y&active_topic=contributor&countries=&topics=contributor

ohsomeNow stats - H3 Hex Map

#tomtom (23-07-2024 - 23-07-2025)

Norway
-
v Sweden §:m
o Estonia %
¥I.atvia 5
Denmark >~ .
United Lthuanlai 1 = Moscow
A K‘l’w = P
Belarus
Ireland <
Netherlands “Berin  Poland o
ondgn"-,\- Germany ) TR
\\ > - ¥ y =
tiiebowy CIRONEIN. . Ukraine
*Paris P '\‘w 4 -
,'-J\_V\/;m g Moldova
S AN "-"f)’} ~< Romania
7 ms-'m :Sctbh *Bucharest
- Andorra q { s : .
4 Barcelona B Macedonia Qﬂnw Armenia
®° sag 6 =3 PARY
Gibrailtar s
Cyprus Syria
® Twr _ CERE TS
Casabiancs - laps © es © Ope
Total Edits per hex cell

Inspect where mapping in
OSM happened at a high
spatial resolution using the
H3 hexagonal grid.

“Where are the hotspots of
TomTom’s mapping activity in
Europe?”

HEIGIT
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https://stats.now.ohsome.org/dashboard#hashtag=tomtom&start=2024-07-22T22:00:00Z&end=2025-07-23T13:58:52Z&interval=P1D&active_topic=edit&countries=&topics=edit

ohsomeNow stats - Permalinks

You can copy the URL & share your current dashboard
configuration with others.

The permalink captures relevant user-defined settings,
such as time range, hashtag, or country filter.

https://stats.now.ohsome.org/dashboard#hashtag=heigit&start=2005-04-
09T20:54:39Z&

&interval=P1M&active topic=edit& &
topics=building,contributor,road,edit

Vavy HEIDELBERG \NST\TUTEO
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ohsome
guality api M

APl & web client for easy access to OSM data
quality estimations & full history statistics

% ‘ Egpt?);g?;izul:nd Geodasie
Also used in OSM quality project with BKG

N> HEIDELBERG INSTITUTE
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OSM data quality analysis

a: OSM QUALITY ANALYSES Buildings (count) O Heidelberg (o4 x
e.g.ls OSM up-to-date?
o [ ] o
high currentness

e theporiod et 0O 207 105 00 035 Mort etrmmare oot | o Stl mate th e currentness Of
- OSM features by classifying

- & R contributions based on

topic specific temporal

thresholds into 3 groups:

” n up-to-date, in-between

and out-of-date.

N> HEIDELBERG INSTITUTE
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Mapping Saturation

Calculate if mapping has
saturated. High saturation has

been reached if the growth of
the fitted curve is minimal.

xf OSMQUALITY ANALYSES ~ Buildings (count

) O Heidelberg

Mapping Saturation

The saturation of the last 3 years is 99.61%. High saturation has been reached (97% < Saturation <

______________

100%).

HEIGIT

HEIDELBERG INSTITUT
FOR GEOINFORMATIO
TECHNOLOGY
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Attribute Completeness

Q2 OSMQUALITY ANALYSES ~ Buildings (count) O Heidelberg e R

Derive the ratio of OSM S
feO t u re S C O m p G re d to 40.9% of all "buildings (count)" features (all: 30928 elements) in your area of interest have the
features that match
additional expected tags
(e.g. amenity=hospital vs

amenity=hospital and
wheelchair=yes).

Attribute Completeness

100%

HEIDELBERG H\IST\TUTELI_
FOR GEOINFORMATIO
TECHNOLOGY




Land Cover Completeness

Qg OSM QUALITY ANALYSES Land Use and Land Cover O Heidelberg (o4 x

Percentage of the area of
iInterest that is covered by
OSM land cover data. o e emanpl soness 05 e g et Attt el

counted multiple times.

100%

HEIDELBERG INSTITUTE
FOR GEOINFORMATION
TECHNOLOGY




Land Cover Thematic
Accuracy

Thematic accuracy of OSM
land cover data in

compadrison to the CORINE
Land Cover (CLC) dataset.

X% OSMQUALITY ANALYSES  Land Use and Land Cover  (Maiad O Heidelberg . X

Land Cover Thematic Accuracy

Inyour area-of-interest, the thematic accuracy of CORINE Land Cover (CLC) class Urban fabric is
88.61% (medium agreement between OSM and CORINE). This suggests that O5M does capture
some land cover categories but may lack detail or accuracy. The F1-Score is used as a statistical
metric that considers both the correctness and completeness of the land cover categories weighted
by area. Please take the Land Cover Completeness indicator into account for interpretation of these
results,

L8

False Negative I True Positive B False Positive

CORINE data from 2021
0SM data from 2025

QX5 OSMQUALITY ANALYSES ~ Land Use and Land Cover (O Heidelberg o

Land Cover Thematic Accuracy

In your area-of-interest, the thematic accuracy of all CORINE Land Cover (CLC) classes is 86.13%
(medium agreement between OSM and CORINE). This suggests that OSM does capture some land
cover categories but may lack detail or accuracy. The F1-Score is used as a statistical metric that
considers both the correctness and completeness of the land cover categories weighted by area.
Please take the Land Cover Completeness indicator into account for interpretation of these results.

1.1 Urban fabric

1.2 Industrial, commercial and transport units

1.3 Mine, dump and construction sites
1.4 Artificial non-agricultural vegetated areas 29.24
2.1 Arable land 92.13

2.2 Permanent crops

2.3 Pastures 25.67

3.1 Forest

3.2 Shrubs and/or herbaceous vegetation associations | 17.20

0 50 100

F1-Score [%]
CORINE data from 2021
OSM data from 2025

yavy, HEIDELBERG INSTITUT
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Building or Road Comparison

Q7 OSMQUALITY ANALYSES  Buildings (area) (O Heidelberg e X

Comparing OSM buildings or
rOOdS With Building Comparison

X7 OSMQUALITY ANALYSES  Roads (all highways) (O Heidelberg s X o ) o
r e e r e n C e The completeness of OSM buildings in your area-of-interest is high. EUBUCCO does not cover your

area-of-interest. The completeness in comparison to Microsoft Building Footprints is 94.79%.
datasets.

7
Road Comparison
6
Microsoft Roads has a road length of 201.89 km, of which 868.98 km are covered by roads in OSM.
The completeness of OSM roads in your area-of-interest is high.
vl 5
=
£
=3
o 4
et
100 z
2
5 3
. 80 r_\%
=
= 2
E;
KT 60
o 1
o
<
=)
2 a0 0
% Microsoft Building Footprints
=
20 B OSM building area (6.56 km?)

B Microsoft Building Footprints (6.92 km?)

Microsoft Roads

[ 3.6% of Microsoft Roads are not matched by OSM
B 96.4% of Microsoft Roads are matched by OSM

A{" HEIDELBERG \NSTITUT§7
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OSM data extraction

28

Extract road surface
information
e.g. for a bikability indicator

in the HeiGIT Climate Action Navigator.

Paths made of certain materials (e.g.,
asphalt) are generally good for cycling,
while others (ge.g., cobblestones) are
rather uncomfortable or even unsafe.

This map classifies paths by the most
common surface types tagged in OSM.

HEIDELBERG INSTITUTE
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Towards ohsom ez'0
J1som

Usage & future improvements



Web Client for easy access
to OSM Data Quality Analyses & History Insights

30

oh SOIME pasHeoARD

Easy access to OSM History and Quality Analyses

Areaof interest

lul OSM History Stats

Y Topic

Buildings (count) -

0% OSM Quality Analyses

Q Search Topic Catalog

All buildings efined by all objects tagg

building

>hsome filter definition of the topic

t ;=* and iing!=no and
geometry:polygon

|#2 Quality Indicators

COMPLETENESS

Calculate if mapping has saturated. High
saturation has been reached if the growth of
the fitted curve is minimal.

Attribute Completenes

Derive the ratio of OSM features compared
to features which match additional expected
tags (e.g. amenity=hospital vs
amenity=hospital and wheelchair=yes).

CURRENTNESS

Currentne
Estimate currentness of features by
classifying contributions based on topic
specific temporal thresholds into three
groups: up-to-date, in-between and out-of-
date.

Do you want to make computation faster, but limit

yourself to areas in Germany?

® No, make sure

rks globally.
Yes, makeit faster.

NONE

User Activity

Shows the count of unique mappers per
month for the selected topic. None-quality
indicator.

Selected areas

Ve

treetMap contributors, Downloaded from OSM Boundaries Map

HEIGIT

@ Language ~

https://dashboard.ohsome.orqg/

Q
ohsome dashboard

ohsome API
ohsome quality API

ohsome planet

HEIDELBERG INSTITUTE
FOR GEOINFORMATION

a%y,
el
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https://dashboard.ohsome.org/

Upcoming Improvements

e faster
e Ul for data extraction ohsome dashboard
---- e newdataquality  TTTTTTTTTTTTTTTTTTTTTommmmmm T
indicatorscze.g., road G 47

ohsome quality API

thematic accuracy)
e new history insights
indicators (e.g. user
---- activity, changeset filter) = ---------------commmmooomoooo -
e pre-defined ohsome ohsome planet
filters (“topics”) can be
used everywhere

N> HEIDELBERG INSTITUTE
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APIs for analysing OSM data quality
& historic changes

ohsome API®

[ Base URL: api.ohsome.org/vl ]
https://api.ohsome.org/v1/docs?group=Data Aggregation

h li (1120 ons 34
This REST-based API aims to leverage the tools of the OSHDB through allow o so m e q u a Ity API

functionalities via HTTP requests. /v1/openapi.json
The official documentation can be found here.

Heidelberg Institute for Geoinformation Technology - Website Data qua“ty estimations for OpenstreetMap. O h S O I I I e d G S h b OG rd

Send email to Heidelberg Institute for Geoinformation Technology Homepage | Dashboard

License of the used data

Contact ohsome team - o o o e e o e e e e e mm e e e o e

EIEmEntS count Compute the count of point/linear/polygonal ¢ Ohsome API
| servers .t API
Elements Length Compute the length of linear OSM elements _ Ohsome q uq I I y

Elements Area Compute the area of polygonal OSM elements

indicator Requestan Indicator ~
Elements Perimeter Compute the perimeter of polygonal OS

‘ m /indicators/attribute-completeness Post Attribute Completeness ' ‘
Users Count Compute the count of OSM users L

‘m /indicators/land-cover-thematic-accuracy PostLand Cover Thematic Accuracy Vv ‘ o o o o o e e e e e e Em e e mm Em e m mm = e mm

(B o e d ohsome planet

. metadata Rrequest Metadata A
" /metadata Metadata A4 ‘
curl F
A{* HEIDELBERG INSTITUTE
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Contributions Count Compute the count of OSM contributior

‘ /metadata/topics Metadata Topic Y4 ‘
TECHNOLOGY




Upcoming Improvements

e major refactoring! ohsome dashboard

... e simplified / consistent ohsome +-------------=--------------
APl endpoint structure ohsome API

e response as GeoParquet for ohsome quality APl

~--1  data extraction

e response compatible with
Pandas, Polars for .
aggregation stats

ohsome planet
e user management & API keys

N> HEIDELBERG INSTITUTE
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The technology layer - going SQL

Usability

ohsomeDB
ohsome-filter-to-sql

34 HeI(;IT OOOOOOOOOOOOOOOOO
OOOOOOOOOO



ohsomeDB — e.g., currentness

X% OSMQUALITY ANALYSES  Buildings (count) O Heidelberg e X

=

Currentness

In the area of interest 53% of the 30610 features were edited (created or modified) for the last time
in the period between 01 Oct 2022 and 01 Oct 2025. Most features are up-to-date.

Last Edit to a Feature
7.0% M 53.4% younger than 3 years

26.1% between 3 years and 8 years 2000
6.0% H 20.5% older than 8 years

date trunc('month’, 1S g2 o g

count(*) - ;
FROM contributions N )
\.’"‘j 5-{ E :L:l E 1 = 1 wo:e

AND ST_Intersects( L
ST_MakeEnvelope(13.3721739,52.4943749,13.4370268,52.5345756, 4326

= ('latest’', 'Polygon')::status geom type type

status geom type = ('latest', 'MultiPolygon')::status geom type
‘building’

’
yavy, HEIDELBERG INSTITUTE
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Transform OSM (history) PBF files into GeoParquet

Enrich with OSM changeset metadata & country information

36

o

DuckDB - re.ut

java

-- list all columns
DESCRIBE FROM read_parquet('out-karlsruhe/*.parquet');

column_name

I T

I I

| varchar

I I

| status | VARCHAR

| valid_from | TIMESTAMP WITH TIME ZONE

| valid_to | TIMESTAMP WITH TIME ZONE =~ ========<=
| osm_type | VARCHAR

| osm_id | BIGINT

! I

TMTERED

Aem wareinn

Full access to all OSM data without
complex setup!

| bbox | STRUCT(xmin DOUBLE, ymin DOUBLE, xmax DOUBLE, ymax DOUBLE)
| centroid | STRUCT(x DOUBLE, y DOUBLE)
| xzcode | STRUCT("level" INTEGER, code BIGINT)

-jar ohsome-planet-cli/target/ohsome-planet.jar contributions \
--pbf data/karlsruhe.osh.pbf \
--country-file data/world.csv \
--changeset-db "jdbc:postgresql://HOST[ :PORT]/changesets?user=USER&password=PASSWORD" \
--output out-karlsruhe \

--overwrite
| countries | VARCRART] |
| build_time | BIGINT
i 1
| 27 rows

ohsome dashboard

ohsome API
ohsome quality API

ohsome planet

N> HEIDELBERG INSTITUTE
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Upcoming Improvements

ohsome dashboard

ohsome API
ohsome quality API

---- e provide minutely GeoParquet
files with all OSM changes
e updates for OSM changeset DB
e enrichment with OSM user
experience attributes
---- o faster geometry building for ~ -------------o-oooooooo-
complex multipolygon relations ohsome planet

N> HEIDELBERG INSTITUTE
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From Dundee to Paris - Timeline

ohsome-planet:
minutely updates

new ohsome API in
production

Shutdown of old
ohsome APl and

functional OSHDB
performance
improvements for usecr‘rr]ga:sgagngent
ohsome quality API Y M
ST'O
I »
December January March  April August
2025 2025 2026 2026 2026

38
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OSMIomduse.org 2.0

C  © osmlanduse.geog.uni-heidelberg.de/#7/5.01481/50 22873

Fill missing OSM LU data with remote sensing based classes

@SM[&%"M" (Sentlnel) via deep Iearnmg

Mimic CORINE cIasyg tlon

n“

W Water bodies
Arable land
Arificial, non-agricultural vegetated areas

. Forests

B Industrial, commercial and transport units

[l Mine, dump and construction sites
Open spaces with little or no vegetation
Pastures

B Permanent crops
Shrub andfor herbaceous vegetation associationds

l Urban fabric ~

~ Wetlands
Coastal wetslands e ‘

Schultz, M., Li, H., Wu, Z Wlell D., Auer, M., Zipf, A. (2025): OSMIanduse a dataset 0 European Unlon Iand use at 10 m resolution
derived from OpenStreetMap and Sentlnel—2. Nature Scientific Data 12, 750 (2025). doi.org/10.1038/s41597-025-04703-8

HEIDELBERG INSTITUTE
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https://doi.org/10.1038/s41597-025-04703-8

2 LaVerDi: Automated National Land-
Cover Change Service

Existing Service by BKG based on remote sensing

New project with HelGIT extending LaVerDi towards

continuous monitoring through integrating
crowdsourced semantics & edrth observation data

% Bundesamt fiir
Kartographie und Geodasie

Knoefel, P., Herrmann, D., Sindram, M., and Hovenbitzer, M.. GERMANYS FIRST CLOUD-BASED WEB SERVICE FOR LAND
MONITORING USING COPERNICUS SENTINEL-2 DATA, ISPRS Ann. Photogramm. Remote Sens. Spatial Inf. Sci., V-3-202],
133-140, https://doi.org/10.5194/isprs-annals-V-3-2021-133-2021, 2021. R
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2 Marrying Crowdsourced
Semantics with Satellite Objectivity

/- OpenStreetMap E%% Satellite Imagery &P Synergistic Integration
Human-generated collective Objective, observation Combined approach achieves
sensor providing semantic recording surface state with richer, verified change

labels, land-use consistent temporal & spatial detection capabilities
classifications, & real-time coverage & resolution

updates reflecting social &

infrastructural dynamics
| OSM tells us what changed

Challenge: Challenge:
Subjective, prone to Lacks semantic meaning & Satellite tells us whether it
omissions and land-use labels really did

misclassifications

This synergy enables detection of true landscape change by leveraging the complementary
strengths of human interpretation & objective observation.
HEIDELBERG INSTITUTE
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£7Ensuring OSM Quality using ohsome Quality APl (OQAPI)
. 4

B Incomplete
Partial Caps

h&‘, P Complete
.

Il Outdated
Updated in the past
I Up to Date

Completeness Indicator. Ratio of total area yrin
covered to area covered by OSM LULC data. i | the OSM LULC data last edit in the past 3 years. The
The thresholds for yellow is 0.5, for greenit is =% “thresholds for yellow is 0.5, for ngen itis 0.75.

0.85. HEIDELBERG INSTITUTE
HelGIT

FOR GEOINFORMATION
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% Ensure OSM Quality Before ML Integration

1.1 Urban fabric

1.2 Industrial, commercial and transport units
1.3 Mine, dump and construction sites

1.4 Artificial non-agricultural vegetated areas
2.1 Arable land

2.2 Permanent crops

2.3 Pastures

3.1 Forest

B Low
[ Medium
I High

3.2 Shrubs and/or herbaceous vegetation associations

5.1 Inland waters

0 20 40 60 80 100

F1-Score [%]
CORINE data from 2021
0SM data from 2025

| Thematic Accuracy Indicator for LULC OSM data. Each bar shows the F1-
Score for the match between CORINE & OSM for this class.

Land Cover Thematic Accuracy Indicator. FI-score when matching CORINE data with corresponding OSM
LULC data. The thresholds for yellow is 0.6, for green it is 0.85.

A{" HEIDELBERG INSTITUTE
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Active Users [#]

= Users Activity

o0

Users per Month
80 ] 2-Month Weighted Avg
== = | ast 36M Trend

70

&0

50

40

30

20
10

[I 1 i IIIIIIIIIII g i IIIIIIIII g i IIIIIIIIII R i rnrnk 1 (R II IIIIIIIIIIIII 1 rernny
Jan 2008 Jan 2010 Jan 2012 Jan 2014 Jan 2016 Jan 2018 Jan 2020 Jan 2022 Jan 2024

Date
Nr of unigue OSM users that added or edited OSM LULC data in that month.

https://ohsome.org/apps/dashboard-test/en/#backend=oqtApi&topic=land-cover&adminids=-285864&indicators=user-activity

Q* HEIDELBERG INSTITUTE
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https://ohsome.org/apps/dashboard-test/en/#backend=oqtApi&topic=land-cover&adminids=-285864&indicators=user-activity

OSM-Satellite Change Detection Pipeline

|

Data Extraction Layer

Imagery extractor retrieves multi-temporal satellite
data by year (Planet & Sentinel).

OSM extractor collects features within specified
timeframes, ensuring temporal alignment between
sources.

Change Detection Core

ChangeStar model performs deep learning-based
change detection, comparing multi-temporal image
pairs to generate pixel-wise change probability maps.

image pairs

fetch data

C L LKL K

features time frame

Yo Yo Wi Yo
4

ohsome-planet

Evaluation Engine

OSM evaluator scores features by change probability,
assessing likelihood that OSM changes reflect genuine
land-cover transformations.

change proba map

threshold —

Output Generation

System produces OSM features adequacy scores in
Geo format, providing quantitative plausibility
assessments based on historical satellite patterns.

score each feature
by change proba map

The workflow not only detects changes but also judges their
plausibility, enabling automated credibility assessment of
crowdsourced updates through satellite-validated confidence

|Pipe|ineWOI’kf|OW metrics. yavy, IT HEIDELBERG INSTITUTE
|

H e ( ; FOR GEOINFORMATION
TECHNOLOGY




First results with ChaneStqr DL model

200
400
600

800

1000

200

400

600

800

1000

0 200 400 600 800 1000
t_0:2022 t_1:2024 Probability map
A/\ HEIDELBERG INSTITUTE

| “sl_init_slcl_changestar_vitl_1x256" model H el G IT FOR GEOINFORMATION
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OSM Feature
[id, valid_from, valid_to]

N Example
Workflow e

Input
OSM features

—

Query extent =

\ 4

\ 4

\o. o/
Left image Rightimage Probability map
[valid_from-1] [valid_to] [pixel 0-1]

Probability clipped
by an OSM feature <
geometry

OSM Feature
[id, valid_from, valid_to, change_p, change_o]

e l p l
5| waE TS

Mean and std
probability by feature

Undetermined 03<p<0.7
A Output g Q* HEIDELBERG INSTITUTE
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4 Laverdi Summary

New approach to automate landscape change detection & verification,
leveraging the strengths of both OSM & satellite imagery.

7 Integrated Data & Al-Powered & scalable & Open
Sources Validation Future

Combining semantic Deep learning models Re-train ChangeStar to
depth from OSM with like ChangeStar identify make it work with

more objective satellite = changes & validate Sentinel-2.

data offers a crowdsourced updates

Benchmark other open
change detection
models.

comprehensive view of for accuracy & trust.
landscape change.

The integrated approach allows more accurate, timely, & trustworthy monitoring,
bridging the gap between mapping & reality

HEIDELBERG INSTITUTE
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Global

Road Pavement Prediction w. street view Images

a) Global Road Surface Quality (Pavedness) based on Mapillary Data

Pavedness
[%]
NO DATA
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Randhawa, S., Aygin, E., Randhawa, G., Herfort, B., Lautenbach, S., Zipf, A. (2025): Paved or unpaved? A deep learning derived road

surface global dataset from Mapillary street-view imagery, ISPRS Journal of Photogrammetry and Remote Sensing, 2025, 223, 362-
374, doi.org/10.1016/].isprsjprs.2025.02.020
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https://doi.org/10.1016/j.isprsjprs.2025.02.020

Global Road Surface Pavedness Change
20 20 - 2 O 24 (satellite images: Planet)

b) Global Road Surface Pavedness change from 2020 to 2024 based on Planet Data

Further work in progress:

V=
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“* Pipelines for ML detection

,,' using also Panoramax.fr

Change in Pavedness
[A%]
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Author: C.Langer 2025 HEIDELBERG INSTITUTE
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Thank you very much!

We lov collaborate!
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HelGIT & GlScience Heidelberg

OSM data quality for humanitarian aid

climate change

adaptation
Geoinformation
for
Humanitarian
Aid
humanitarian Smart
logistics ..
Mobility

52

sustainability Big Spatial
indicators Data
Analytics
Climate
Action
sustainable
mobility ac©
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Alexander Zipf
zipf@uni-heidelberg.de
www.heiqgit.org
www.uni-heidelberg.de/qis
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