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OSM Data Quality Analytics
Fram eWOrk OSM History Data Analytics Ii!atform

C ohsome quality analyst =

ohsome OSM History Explon‘fi"

A heterogeneous OSM quality

A need for a framework
supporting global OSM analysis

A reproducible & sustainable
=> Towards a
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(2 ohsome dashboard M

ohsome2label

ohsome-py / ohsome2x m

ohsome API ((

OSHDB Java

OSM data quality analytics

framework O h some
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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.
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https://opengeospatialdata.springeropen.com/articles/10.1186/s40965-019-0061-3
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Barron, C., Neis, P. & Zipf, A. (2013): A
Framework for Intrinsi
Transactions in GIS . DOI:10.1111/gis.12073.

mprehenswe

Intrinsic  Quality

penStreetMap Quality Analysis.
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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.

HEIDELBERG INSTITUTE
FOR GEOINFORMATION
TECHNOLOGY

HEIGIT



Analysing mapping respose to Nepal
earthquake 15
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http://idl.iscram.org/files/michaelauer/2018/1558_MichaelAuer_etal2018.pdf

Fitting different type  of saturation
curves
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https://doi.org/10.5194/agile-giss-2-20-2021

OSM building completeness In urban
centers

Completeness
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Author: 8. Herfort, 2023
Data: OpenStreetMap
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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

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

Trends in corporate mapping in OSM between 2019-06-01 - 2023-05-31
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. 0,711 (strong increase) H el G IT TECHNOLOGY Data: OpenStreetMap contributors

Tockner L.,Herfort, B., Lautenbach, S., & Zipf, A. (2025). Corparappingin OpenStreetMapg shiftingtrendsin global
evolutionandsmallscaleeffects GeaSpatialinformation Science, 0. https://doi.org/10.1080/10095020.2025.2493076
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https://doi.org/10.1080/10095020.2025.2493076

Ohsome: use cases & appl

X5 OSMQUALITY ANALYSES  Bulldings (count) O Heidelberg e X

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.
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data quality analysis

2 OSMQUALITYANALYSES  Buildings (count) O Heidelberg

undefined none

Active Users [#]

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.
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OSM history Insights

a: OSM QUALITY ANALYSES Buildings (count) O Heidelberg [od x

How active I1s the OSM
community?

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.
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ohsome "G staTs

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

+  ohsome T stats

Current Features: =
A Overview Statistics
A Country Map +
H3 Hex Map —
A  Timeline Plot —
A Trending Hashtags Chart --
A Data Download =
A Live Mode o=
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6 ~ . _edit made to OSMis .= =
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http://stats.now.ohsome.org/

Overview statistics on topics

Currently ,you can calculate overview statistics for up to

17topics at the same time.

For each topic you can check the number of (created , modified |,

deleted ) OSM features .

25?:351
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buildings in Germany
04-2005- 07-2025
ab

348,192
km? of Land Use / Land Cove

A
6,850,374
A km of Roads

4

289,839,551

168,484
A Educational Institutions

b

123,335

o

476,260
4 Shops

ih

453,892

(]
3,812,181

=

33,923
& Financial Services

oS

5,234,705

@

116,825
4 Social Facilities

b

i

163,502

&

99,375
A Healthcare Facilities

*

1,524,801

ale

140,674

Q* HEIDELBERG \NST\TUTE’B
H el G IT FOR GEOINFORMATIO
TECHNOLOGY


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.

‘ a L él-g_/CCI)SMCIQ 1V z
mappers edit every

‘ H H ‘ months since 2004 in

Temryees

about9,000monthly activemappersin 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 Iin OSM has changed over time.
You can optionally filter for a OSM changeset hashtag or using
a list of countries.

20
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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.

a[ F NBSNJ AyusS
days or even months can ;
give information about the:

success of lonrterm

YIFLIWAY3I O YL & "H“ b

#youthmappers
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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

Gl 26 Yl yeé odzAf F
added per country during

the Covidl9 response
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#covid19
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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

6Compare mapping activity between two time intervals :
As of 2025, OSM has grown into a truly global community and

IS less biased than during Iits inception * B
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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

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

H3 Hex Map

Inspect where mapping In
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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-

09T20:54:39Z2&
&interval=P1M&active topic=edit& &

topics=building,contributor,road,edit
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ohsome
guality api M

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

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

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

e.g. Is OSM up - to - date?

e ertod between 1 Ot 2022 01 Oct 2008, Most estres areuprto e ESU mate ’[h e currentness Of
o OSM features by classifying
B AR contributions based on
topic specific temporal
thresholds into 3 groups :

"h | up - to - date, in - between
and out - of - date.
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IVI ap p I n g S at u ratl O n Q) OSMQUALITY ANALYSES  Buildings (count ) O Heidelberg e X

Mapping Saturation

Calculate if mapping has
S atu r at e d - H I g h S atu r atl O n h a S The saturation of the last 3 years is 99.61%. Hilgoh0 :;uration has been reached (97% < Saturation <

been reached if the growth of

the fitted curve is minimal. _//—4
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Attribute Completeness

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

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

Attribute Completeness

40.9% of all "buildings (count)" features (all: 30928 elements) in your area of interest have the
selected additional attribute height of buildings (matched: 12635 elements). The attribute
completeness is medium (25%-75%).

100%

HEIDELBERG H\IST\TUTEAr
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Land Cover Completeness

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

Percentage of the area of
Interest that Is covered by
OSM land cover data . kil ) g e el

counted multiple times.

100%

2N HEIDELBERG INSTITUTE
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L and Cover Thematic - sewmms w0 .
Accuracy

Land Cover Thematic Accuracy

T h e m ati C aC C u racy Of O S IVI 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
I a n d C Ove r d ata I n 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.
Land Cover (CLC) dataset
| |

1.2 Industrial, commercial and transport units

1.3 Mine, dump and construction sites

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

1.4 Artificial non-agricultural vegetated areas 29.24

S 2.1 Arable land 92.13

Land Cover Thematic Accuracy 52p "
. ermanent crops

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 2.3 Pastures 25.67
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 3.1F t
results, : ores|

3.2 Shrubs and/or herbaceous vegetation associations | 17.20

0 50 100

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

L8

False Negative I True Positive B False Positive

CORINE data from 2021
0SM data from 2025
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Building or Road Comparison

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

Comparing OSM buildings or
rO ad S WI t h Building Comparison

X7 OSMQUALITY ANALYSES  Roads (all highways) (O Heidelberg s X o ) o
re e re 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
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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 (e.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'o
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Usage & future improvements



Web Client for easy access

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

to OSM Data Quality Analyses & History Insights

@ Language ~

&)

treetMap contributors, Downloaded from

HEIGIT

aries Map

https://dashboard.ohsome.orqg/

ohsome dashboard

ohsome API

ohsome quality API

ohsome planet

HEIDELBERG INSTITUTE

TECHNOLOGY
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https://dashboard.ohsome.org/

Upcoming Improvements

31

O« O¢ O«

faster

Ul for data extraction ohsome dashboard
new data qualty @ "TTTTTTTTTTTTTTTTTTTT T
Indicators (e.g., road
thematic accuracy )
new history insights
Indicators (e.g. user
activity ,changeset filter) ---------------------------------
pre - defined ohsome ohsome planet
filters ~ tOpics B can be

used everywhere

ohsome API
ohsome quality API

N> HEIDELBERG INSTITUTE
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APls 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 l I I e d aS h b O ard

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 ¢ O h SO m e A P I
1 Servers -
Elements Length Compute the length of linear OSM elements _ O h SO m e q u aI Ity A P I

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 J

‘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

| (O o v d ohsome planet

. metadata Request Metadata ~

‘ /metadata Metadata A\ ‘

‘ /metadata/topics Metadata Topic v ‘
‘ A{* HEIDELBERG INSTITUTE
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Contributions Count Compute the count of OSM contributior

curl




Upcoming Improvements

33

O¢ O«

O¢

O«

O¢

major refactoring !

simplified / consistent ohsome
APl endpoint structure
response as GeoParquet for
data extraction

response compatible with
Pandas, Polars for

aggregation stats

user management & APl keys

ohsome dashboard

ohsome API
ohsome quality API

ohsome planet

HEIGIT

HEIDELBERG INSTITUTE
FOR GEOINFORMATION
TECHNOLOGY



The technology layer - ¢

Usability

34

oing SQL

ohsomeDB
ohsome - filter -to - sql



ohsomeDB b 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 ) PBFfiles into GeoParquet

Enrich with OSM changeset metadata

o

DuckDB

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

-- result

& country information

T T
| column_name |
| varchar

L 1
I T

ohsome dashboard

| status
| valid_from

| VARCHAR
| TIMESTAMP WITH TIME ZONE

= = = = | valid_to | TIMESTAMP WITH TIME ZONE
| osm_type | VARCHAR
| osm_id | BIGIN

nAem wvarcinn I TnTCRCD

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)

(é’ java -jar ohsome-planet-cli/target/ohsome-planet.jar contributions \
) --pbf data/karlsruhe.osh.pbf \

ohsome API
ohsome quality API

ohsome planet

C:;——’./ --country-file data/world.csv \
Java --changeset-db "jdbc:postgresql://HOST[ :PORT]/changesets?user=USER&password=PASSWORD" \
--output out-karlsruhe \
--overwrite
| countries | VARCRART] |
| build_time | BIGINT
L 1
I
| 27 rows
L
36
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Upcoming Improvements

O¢

provide minutely GeoParquet
files with all OSM changes
updates for OSM changeset DB
enrichment with OSM user
experience attributes

faster geometry building for
complex multipolygon relations

O<¢ O«

O¢

37

ohsome dashboard

ohsome API
ohsome quality API

ohsome planet

HEIGIT

HEIDELBERG INSTITUTE
FOR GEOINFORMATION
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From Dundee to Paris

ohsome - planet:
minutely updates

Timeline

new ohsome API in
production

Shutdown of old
ohsome API and

functional OSHDB
. SCENSIENCE user management
improvements for and AP| kevs
ohsome quality API y M
ST'O
I »
December January March April August
2025 2025 2026 2026 2026
HEIDELBERG INSTITUTE
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OSI\/IIanduse.org 2.0

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

FillmissingOSM LUdatawith remote sensingoasedclasses

@SM[#%"M" (Sentlne) wadeeplearnmg
R " 'i A, &

'ld‘ P '_' : od Y"
* : “._'l . log‘df‘-n.&_ };
L S
Mimic CORINEIassn‘“catlon Y S o K .
Bl .t AL ' Bl ¥
B Water bodies . '.-" T o e SR
Arable land o e S og i 2 REEE :
- By S0 TR T CBelglige ;
vy .'“-".-; ke s s "I() & LA

Artificial, 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 association$s *
Bl Urban fabric e
- Wetlands
Coastal wetslands

. SEW G n o i : o R
. 0 S

AR L

Schultz, M., " ,leII D. Auer M., Zipf, /(2025) OSMIanduse adatasetof European Unloﬂandusel 0 wmesoluton
derivedfrom OpenStreetMapand Sentlne42. Nature Scientific Datd 2, 750 (2025)doi.org/10.1038/s4159025-047038

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 & earth observation data

% Bundesamt fiir
Kartographie und Geodasie

Knoefel , P., Herrmann, D., Sindram , M., and Hovenbitzer , M.: GERMANYS FIRST CLOUBASED WEB SERVICE FOR LAND
MONITORING USING COPERNICUS SENTINERLDATA, ISPRS AnnPhotogramm . Remote Sens. Spatial Inf. Sci., V -3-2021,
1335140, https:// doi.org /10.5194/isprs - annals - V- 3-2021- 133 2021, 2021. e IDEL BERG N TUTE
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2 Marrying Crowdsourced
Semantics with Satellite Objectivity

/- OpenStreetMap E%% Satellite Imagery &F 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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£/Ensuring OSM Quality

B Incomplete
" Partial Gaps
P Complete

£33 _-: Completeness Indicator . Ratio of total area
s#eeds | covered to area covered by OSM LULC data.
#3% | The thresholds for yellow is 0.5, for green it is

0.85.

using ohsom e Quality APl (OQAPI)

Il Outdated
[ Updated in the past
I Up to Date

Currentness Indicator . Ratio of all OSM LULC data to

s i'";- the OSM LULC data last edit in the past 3 years. The

thresholds for yellow is 0.5, for green jt is 0.75.
HEIDELBERG INSTITUTE

H el ( ; IT FOR GEOINFORMATION
TECHNOLOGY




Ensure OSM Quality Before ML Integration

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 . Fiscore when matching CORINE data with corresponding OSM
LULC data. The thresholds for yellow is 0.6, for green it is 0.85.

Q* HEIDELBERG INSTITUTE
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