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"We advance terrestrial
Earth observation
from space”

Our focus is on developing and
applying remote sensing methods to
better understand global change
related to land systems. We map land
cover and land use and related spatio-
temporal change patterns. Applications
extend from agriculture (both cropland
and grassland), over forest
ecosystems to urban areas. The
analysis of long and dense time series
from Landsat and Sentinel data is core
for our research - from landscape to
continental scales. Hyperspectral
image analysis is a second cornerstone
of the Earth Observation Lab.
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Understanding the Role of Material Stock Patterns for the Transformation
to a Sustainable Society (MAT_STOCKS)

s ility t ions imply changes in the societal use of biophysical resources.
Current socioeconomic metabolism research traces flows of energy, materials or substances to
capture resource use, but socio-metabolic research has not yet incorporated material stocks or
related services. The ERC Advanced Grant project "Understanding the Role of Material Stock Patterns
for the Transformation to a Sustainable Society (MAT_STOCKS)” addresses this gap. It will create a
comprehensive material stocks and services database as well as maps of material stocks from
remote-sensing data

MAT_STOCKS thereby aims at identifying barriers and leverage points for future sustainability
transformations and the SDGs. The Geomatics Lab at HU Berlin contributes the remote sensing and
gecinformation component to MAT_STOCKS. The project focuses on quantifying anthropogenic
material stocks from remote sensing data (mostly Sentinel-1/2; night time lights; potentially future
GEDI data) and from globally available databases (e.g. OpenStreetMap, population databases). In the
remote sensing related research, we will create wall-to-wall maps with a focus on anthropogenic land
cover as proxies for material stocks. We target ca. 12 national-scale, wall-to-wall studies, ranging
from small (e.q. Austria and UK) to large countries (e.g. India, China and USA)

processing will be in a high omputing to allow handling the
massive data processing required to create such novel information. Human-made infrastructures and
the degree of imperviousness will be mapped from time series of opti-cal S2 data and S1 SAR data
using machine learning or - where available - extracted from existing da-ta sets (e.g. European
Copernicus High Resolution Layers, SEDAC databases) - or from both. The methodology will be
developed for selected test areas and then deployed for all national cases. Results are wall-to-wall,
fine-scale layers of built-up area. Spectral-temporal metrics from combined optical and SAR data and
fractional cover maps will build the basis for the subsequent infrastructure functional types

will be aggregated to typologies that allow estimating
and energy flow analyses, e.g. based on a Selft-=
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Kraussmann et al. (2017), PNAS

, 114
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The MAT_STOCKS project

A Global material stock
accumulation since 1950 is
important

A Besides concrete ,sand/gravel,
metals and asphalt are the most
used materials for stock
accumulation.

A There are regional differences

A Currentlyona nation -wide level
only.
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. Earth Stock -driven Bottom -Up Mapping
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temporal metrics
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U Pilot study: highly detailed material stock maps
for Austria and Germany

building volume building type
(above ground) [m?)
H. Haberl, D. Wiedenhofer , F. Schug, D. Frantz ,D. Virdg, C. Plutzar , K. Gruhler , J. Lederer ,
G. Schiller, T. Fishman, M. Lanau, A. Gattringer , T. Kemper, G. Liu, H. Tanikawa , S. van der
Linden & P. Hostert (2021): High - Resolution Maps of Material Stocks in Buildings and

Infrastructures in Austria and Germany. Environmental Science & Technology
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(dimensions, types, items, materials) https://doi.org/10.1021/acs.est.0c05642
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1) Infrastructure Area
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2) Building Volume from EO data
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2) Building Volume from EO data

RGB = NIR/SWIR1/RED [same stretch for all]
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2.1) Building Area: regression - based unmixing

SvynthMix
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Okujeni etal. 2017, doi 10.1109/JSTARS.2016.2634859
Okujeni etal. 2018, doi.org/10.1016/j.rse.2018.07.011 9
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2.1) Building Area: regression

- based unmixing
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2.1) Building Area . f rom impervious to building area
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2.2) Building Height: feature space

Winter Summer U Synergistic use of S1 and S2 time series
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2.2) Building Height: training data

Training and validation from 3D Building Models, based on cadastre and airborne laser scanning

Modellierung als Medellierung als
Gebaude im LoD1 Gebaude im LaD2
(Klétzchenmodell)

Site Year Buildings

. 2014 (99.9%)

Berlin 2015 (0.1%) 540,172

Hamburg 2016 374,99

Potsdam 2012 44,832

North Rhine 2018 (39%)

Westphalia 2019 (61%) 11,498,734

2018 (13%)
Thuringia 2019 (57%) 2,241,792

2020 (30%)

13



Geography Department - Earth Observation

HUMBOLDT-UNIVERSITAT ZU BERLIN

2.2) Building Height
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2.3) Building Volume

Building Area [m?] Building Height [m] Building Volume [m3]
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2.4) Building Type
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3) Material Intensity Factors: MI [t/m?], [t/m3]
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3) Material Intensity Factors

motorways m?2 X M| concrete J Ml bricks J M| steel J Ml é J =

X MI concrete MI Dbricks Ml steel Ml é =
| 4 | 4 | 4 | 4

foot paths m? X MI concrete Ml bricks M| steel Ml é =
| 4 | 4 | 4 | 4

X Ml concrete MI bricks Ml steel Ml é =
| 4 | 4 | 4 | 4

X MI concrete Ml bricks M| steel Ml é =
| 4 | 4 | 4 | 4

single -family m3 X Ml concrete MI bricks Ml steel Ml é =
| 4 | 4 | 4 | 4

multi -family m3 X MI concrete MI bricks M| steel Ml é =
| 4 | 4 | 4 | 4

X MI concrete MI bricks Ml steel Ml é =
| 4 | 4 | 4 | 4
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Figure 2. Three-dimensional maps of total material stocks in buildings and infrastructures in Germany and Austria (2018; 100 m resolution), measured
as kt/ha (1 kt = 1000 metric tons; 1 ha = 10* m* = 0.01 km?).
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Work in progress:
going after the big stocks e 4 P B

for scale
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