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EnMAP as an objective ecosystem analyst
Investigating gradual spatial and temporal changes in ecosystems
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In addition, the regular, long-term monitoring of large areas
with EnMAP will complement dense time series from multispectral sensors such as Landsat-8 OLI and Sentinel-2 MSI.
This will enable assessments of gradual, continuous changes,
such as the effectiveness of a protected area for preserving
biomass or biodiversity, or the impact of drought on vegetation
condition and recovery.
The focus of EnMAP research at Humboldt University Berlin is
on the gradual spatial and temporal changes within individual
ecosystems as well as the transitions between different types
of ecosystems. The specific research topics are: (1) quantificaFig. 12: Spectral field measurements validate the results of
remote sensing image analysis.

tion of vegetation types and their fractional cover or biomass in
different ecosystems, (2) assessment of the gradual succession of agricultural areas following abandonment, and (3)
characterization of land use gradients in urban areas and
direct surroundings.

Terrestrial ecosystems are rapidly changing as a result of climate
change and human activities. Deforestation, extensive agricul-

Machine learning approaches have been adapted and enhan-

ture and urban sprawl are significantly impacting the condi-

ced for spectral analyses to better utilize the entire spectral

tion, functioning and biodiversity of ecosystems. A better un-

information within hyperspectral data from modern, spaceborne

derstanding of the interactions between human activities and

imaging spectrometers such as EnMAP. Linking empirical and

the surrounding terrestrial systems and their ecosystem servi-

physical approaches and the generalization of empirical

ces is urgently needed. This can only be achieved through long-

models to fully exploit the spatial and temporal resolution of

term regional monitoring.

the data is of particular importance.

Earth observation is a crucial tool for characterizing entire

The Castro Verde region in southern Portugal has been compre-

ecosystems and ongoing process changes. The concepts of

hensively monitored over the last 20 years (Fig. 12). The region

Essential Biodiversity (EBVs) and Essential Climate Variables

is characterized by steppe grasslands which formed after the

(ECVs) provide an appropriate framework to meet global stan-

abandonment of degraded agricultural fields. Subsequent

dards for ecosystem monitoring. EnMAP data will contribute to

succession of natural vegetation has increasingly led to shrub

the derivation of several EBVs and ECVs such as vegetation leaf

encroachment (Fig. 13). Part of the study area is also within the

area, biomass and species composition.

Natura 2000 Special Protection Areas for Birds as there are
steppe bird communities of national and inter-national impor-

The regular regional sampling of hyperspectral data from EnMAP will improve interpretation of spectral signatures and their
related physical processes. It will be possible to derive more
detailed parameters on the type (e.g., species composition),
structure (e.g., biomass) or condition (e.g., leaf nitrogen or
water content) of vegetation with EnMAP data.
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tance. The conflicting ecosystem services, such as increasing
carbon storage of encroaching shrubs and enhancing bird
habitat and biodiversity, illustrates the complexity of such
natural environments.
Hyperspectral imagery in this region is used to map gradual
shrub encroachment over space and time. The quantification
of different shrub types and steppe grasslands, as input for
subsequent modeling of biotic processes is particularly challenging considering the various phenological stages of dryland
vegetation. The performance and robustness of new machine
learning techniques to describe subtle spectral differences
between vegetation types have been tested. The developed
approaches produce quantitative maps illustrating fractional
shrub cover, i.e., information content which reaches far beyond

Fig. 13: Abandoned landscape with progressive shrub
encroachment.

conventional maps derived from discrete land cover classifications (Fig. 14). In particular the detection of low shrub fractions
is of high relevance for decision making and early detection of

EnMAP and ecosystem changes

ecosystem changes. The developed methods are freely available in the EnMAP-Box.

Research is lacking on transitional ecosystems and
the gradual changes within them. Currently, it is challenging to comprehensively describe these changes in
space and time.
EnMAP will offer basic and innovative analyses to improve the understanding of global change as well as the
interactions between humans and their environment.
Characterizing and recording ecosystem services using
a combination of qualitative and quantitative approaches is an important goal of the research within EnMAP.
Analyses of simulated EnMAP data reveal subtle
processes that cause an ecosystem change.

Fig. 14: Fraction map showing shrub cover in the
Castro Verde region, Portugal, derived from a
Support Vector Machine Analysis and simulated
EnMAP data. False-color Landsat-5 composite
shown in background.
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EnMAP as a modern soil scientist
Worldwide analysis of soils and degradation processes
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Calibri

Fig. 15: Consequences of overgrazing (right side of fence) in Tsauchab Valley (Naukluft, Namibia) to be seen in change detection map
based on satellite imagery (1984-2015) of 30 m resolution (left) and photo taken in October 2014 (right).

Soil is not a renewable resource when viewed on the time scale

needed. The United Nation‘s Convention to Combat Desertifi-

of a human being. It is worth protecting because of its crucial

cation (UNCCD), signed by almost 200 states, highlights the

role in food production, water regulation, pollution filtering,

need to monitor, analyze and assess soil degradation processes

and carbon storage. The ecosystem services provided by soil

worldwide.

are threatened worldwide by climate change, natural hazards
and human activities. The consequences are an increased soil

There is a global need for systematic, large area mapping of

loss due to wind and water erosion, or land-slides, as well as a

topsoil characteristics with high spatial resolution that goes

reduced soil quality due to organic matter loss, contamination,

beyond recording degradation processes. Soil maps are often

salination and soil compaction. In 2006 the European Commis-

based on data that has been collected for individual field loca-

sion issued guidelines on the protection and preservation of

tions only. Large area maps are needed for many applications,

Europe’s soils. Its goals are sustainable soil use, preservation

including agriculture, soil preservation strategies, and input

of soil quality and functions, as well as soil restoration.

for climate models.

Inappropriate land use such as deforestation and over-gra-

EnMAP offers new opportunities to quantify key soil parame-

zing leads to soil degradation worldwide (Fig. 15). The loss of

ters for a global characterization of soil conditions and degra-

vegetation cover, monoculture farming and inadequate irriga-

dation indicators. Regular monitoring facilitates early identifi-

tion systems lead to erosion and low soil quality (Fig. 16). This

cation of degradation, which enables timely implementation of

erosion can cause rivers and dams to become extremely silty

suitable countermeasures to sustain soil quality and crop

influencing regional water quality. Soil degradation is espe-

yields. Important parameters such as the ratio of vegetated to

cially problematic if it progresses at a slow pace and is only

bare soil area, water and pigment content of plants, soil orga-

recognized at a late stage. Nearly 70% of the Earth’s drylands

nic, clay, carbonates and salt content, and soil moisture can be

are already showing signs of degradation. To control soil ero-

measured from space with new precision thanks to EnMAP

sion, information on vulnerability and long-term processes is

(Fig. 17). Especially in drylands, the vegetation cover consists

Fig. 16: Soil degradation and
erosion on agricultural land in
Camarena near Madrid, Spain.

not only of green plants but also a high proportion of dry biomass. This dry material is very important to prevent erosion
and can be detected with EnMAP.
At GFZ methods to detect and characterize soil properties have
been developed. These data are critical for erosion and soil
degradation modeling. A set of algorithms to derive key soil
and erosion parameters has already been developed (EnSoMAP,
the EnMAP soil mapper). The studies are performed in different
climate zones around the world at test sites in Germany,
Europe, Asia, Australia and southern Africa.
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Fig. 25: The ground resolution of the EnMAP sensor is 30 m.
This means that one EnMAP pixel contains information on several
types of urban surface materials that can be quantified with spectral
unmixing methods.

especially problematic in this context, due to large differences in
the relationships between signal mixtures at different viewing angles. A part of the signal emanates from the ground and from
plants with shaded and illuminated surfaces in between (Fig. 30).
A spectral, spatial and temporal simulation system was developed at GFZ, to record and correct these effects. It can be used
to model the reflectivity of any kind of vegetation. The core of
this simulation are 4D (3D geometry + temporal development)
plant models whose individual geometries are overlaid with
the relevant spectral information, after which they are linked
using a ray tracing methodology taking into account all possible viewing angles (Fig. 31).
As a first step the viewing-angle-dependent variations in the reflectivity of grain crops were investigated using simulated
reflectance data. Then the extent to which these variations
affect the quantitative prediction of bio-physical (e. g. leaf area
index) and bio-chemical (e. g. chlorophyll content) vegetation
parameters were analyzed. Such vegetation parameters allow
to draw conclusions on the condition and, if monitored over
time, on the development of the observed canopy. They can
also be used for ecosystem modeling. A good prediction quality
was achieved with machine learning techniques for vegetation
parameters of individual angle observations even with very
EnMAP is designed to record land surface processes globally.

strong tilting (± 30°). However, the prediction quality deteriorates

The sensor has a revisit rate in nadir view (perpendicular to the

considerably if the observation geometries differ between

ground) of 27 days, due to its 30 km swath width. However, by

training and prediction data sets. Including all observed

rotating the satellite across-track up to ± 30° any point on Earth

geometries in the training of the data lead again to a good

except for the pole regions can be revisited in less than four

prediction quality. These results show that the prediction of

days. This higher repetition rate will be used for special appli-

bio-physical and biochemical vegetation parameters is also

cations and scientific studies. It has the disadvantage that the

possible with off-nadir data sets, if all observation geomet-

spectral signal recorded for a given area is significantly altered

ries which are representative for this data set are included in

when viewed from different directions. Vegetated surfaces are

the analysis.

Fig. 31: Visualization of the spectral, spatial and temporal simulation system for one growth stage of a cereal canopy.

With EnMAP and other future hyperspectral satellite missions,

fundamentals of imaging spectroscopy, sensor technologies,

an increasing interest in hyperspectral data analysis is expec-

and data acquisition techniques, as well as data sources and

ted in the coming years. However, training opportunities and

software, are taught using modern eLearning approaches. In

teaching materials are currently limited. To fill this gap, the on-

addition to short texts and videos, the course includes various

line training program HYPERedu was developed in conjunction

opportunities for activity and interaction, such as interactive

with the EnMAP satellite mission under the leadership of the

graphics, quizzes, and discussion forums, and is self-led to be

GFZ in Potsdam in cooperation with a number of partner insti-

completed at the participants’ own pace. The basic course is

tutions in Germany and abroad.

supplemented by other shorter courses on specific applications such as agriculture, soils and urban areas.

HYPERedu includes teaching materials on the fundamentals,
methods and applications of hyperspectral remote sensing

All teaching materials and courses are hosted on the EO-College

and exercises (based on the EnMAP-Box software). The pro-

teaching platform and provided free of charge. More information

gram is aimed at university students and teachers as well as

about the HYPERedu program is available at:

professionals in research, companies and public institutions.

www.enmap.org

An initial course on the fundamentals of imaging spectroscopy,
titled „Beyond the Visible: Introduction to Hyperspectral
Remote Sensing,“ was launched in November 2021. In it, the

Fig. 33: Overlay of vector information on a hyperspectral airborne image (left) and simulated EnMAP data from Berlin, Germany,
in the EnMAP-Box Version 3.0
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