Earth Observation

Figure 1: First image of Earth from an altitude of 105 km (“Space” starts at 100 km)

Technology and our biosphere:
How Earth Observation data reveals the world’s urgent
issues on food production
The Earth’s total population is growing, and
with this, so is the amount of crop production
around the globe. However, food production is
still highly sensitive to local weather and
regional climate conditions. Technology is,
therefore, set to these conditions and is built
around the process of crop production.
Rosa Schmidt, Marketing & PR Strategist and Max Gulde
CEO, ConstellR
To take on global challenges connected to demographic
change, climate change, food security, and to do so in a
sustainable way, we have to think on a global scale. Space
data, therefore, plays an essential role in challenging societal
norms as well as solving the environmental issues of the
world, revealing the question:
How can we answer the world’s increasing demand for
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food in face of water shortage, limited available cropland
under an increasingly strong impact from climate change?
We can watch Earth and receive information about our
planet from almost every perspective and distance, operating
from 400km in low Earth orbit, while reaching 36,000km with
geostationary satellites. With different instruments and
mission objectives, it’s possible to monitor our biosphere,
atmosphere, and oceans, as well as their interactions and
relations towards each other. Today, Earth observation
satellites provide state-of-the-art temporal and spatial
resolution, collecting information down to the centimetrescale. This information comes from many different sources
and can be found in commercial and open-source databases.
However, to understand how important the resulting Earth
observation data is for the health of our planet, we need to
go back in history to better understand the future.
Earth observation data types
Earth observation (EO) or satellite-based remote sensing is
a technology that allows for the monitoring of our planet from
space. The adventure of EO from space started back in 1946:
The first pictures were taken with a modified V2 and a film

Earth Observation
camera and were black and white (Figure 1). Since then a lot
has happened in the field of EO, a number of systems have
been developed and improved, and today we are able to
observe our planet continuously.
Right now, visual and RADAR imagery are the dominant
information sources in EO, and we have amazing imaging
capabilities in both regimes: Most of the 600 EO satellites
currently buzzing around are equipped with respective
sensing capability, allowing us to routinely acquire a highresolution (metre-sized) image of the entire globe within 24
hours.
But what if we need to monitor not colour (visual) or edges
(RADAR), but the state of health of the biosphere?
In view of the challenge ahead, one of the most critical
parameters to understand is the water cycle. Water is the
most important resource affecting crop health and yield and
is key to all major living processes. It is deeply connected to
the carbon cycle of plants as well as to the energy cycle.
Only by understanding our plant and, in particular, our crop
water needs in combination with water availability, will we be
able to optimize the application of our planet’s most precious
future resource: Fresh water.
In order to map and understand the water cycle, we need

good temperature data because temperature drives water
availability. Hence, there is an emerging interest in thermal
infrared data to obtain our planet’s surface temperature.
However, to do so, we are still using 20-year-old satellite
technology, which is putting a massive constraint on the
market. Until now, none of the systems in space can deliver
the data we require to effectively tackle food security issues
on the global planetary scale. So, what is it making so difficult
to obtain good temperature data? Let’s have a look into the
infrared (IR) part of the electro-magnetic spectrum.
Like the information in the visual spectrum, the information
in the IR is obtained in a purely passive way. However, while
in the visual spectrum we look at reflected light to a very
large extent; in the IR, we can record light emitted from a
certain wavelength. To go further into detail, the IR spectrum
lies between the two spectral ranges of the visual and radio
waves. It extends from about 800nm to 1mm and is further
subdivided due to the width of the spectrum:

•
•
•
•
•

Near-infrared (NIR): 780nm to 1400nm;
Short wave IR (SWIR): 1.4µm to 3.0µm;
Mid-wave IR (MWIR): 3.0µm to 8µm;
Thermal long wave IR (TIR/LWIR): 8µm to 15µm; and
Far IR (FIR): 15µm to 1mm.

All bodies on Earth (and de facto also in the rest of the
universe) have a temperature above absolute zero, and this
temperature is detectable as radiation. We speak of thermal
infrared (TIR), which has a wavelength of 8-14µm,
corresponding to (black body) temperatures of between -65°C
and 90°C
The Earth has an average temperature of about 15°C.
This land (and water) surface temperature can be detected
with suitable sensors and thus has a peak emissivity at
around 10µm. Since this is emission, i.e. we do not need an
external illumination source as in the visual, TIR images can
also be taken at night, only giving a sneak peek into the
endless potential of thermal infrared.
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The benefits and potential of EO Data
Today, EO satellites have reached unmatched potential in
collecting information about our planet. While initially costly,
the immediate global applicability makes EO satellites the
most cost-effective solution in many fields and the only
solution to cover extremely large areas.
When coupled with today’s exponentially increasing
analytical power and combined with other data sets and
satellite maps, information sources and models, EO data is
the key to enabling clear and actionable decisions for the
future. To go one step further: About half of the Sustainable
Development Goals (SDGs) will not be achievable without
data from space. Realizing this as well as the enormous
market potential, new companies were founded to focus on
developing satellite constellations, payloads and launch
capabilities with the goal to increase connectivity and boost
observational capabilities. Indeed, industries such as
renewable energies, oil and gas, forestry, and agriculture
record a dramatic annual growth rate through the use of new
applications and their data (Copernicus Market Report, 2019)
But how exactly can EO data, in particular in the IR
spectrum, help to bridge the impending food gap?
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Current status for farmers and the world
To feed a population of 10 billion by 2050, the world must
produce 50 percent more food. This must be achieved on a
finite amount of land, under increasing stresses from climate
change, while also reducing agricultural contributions to
greenhouse gas emissions.
On the other hand, irrigation can more than double crop
yield compared to purely rain fed fields, but the 20 percent of
global croplands currently irrigated often use wasteful or
expensive methods. As farmland becomes drier and water
scarcer, more widespread irrigation methods will require more
efficient water use. Sustainable food production increase
depends on more ‘crop per drop.’ Therefore, closing the food
gap is only possible by increasing water efficiency.
In large parts of the world, however, farming methods are
managed locally and still based on decade-long experience
rather than scientific approaches, and are to a large extent
reactive: Water stress is usually discovered when plants wilt/
change colour, by which time it is often too late to take
effective measures. Irrigation often wastes water before it
reaches the crops.
Here, EO data can help to frequently measure crop water
need (from the IR spectrum) and, coupled with weather
reports, can be used to optimize the time and amount of
resource application.
Keeping this in mind and looking at the market in the UK,
leaders within this field predict an average yield benefit
between three percent and eight percent when using
technologies and input applications with data from space. In

regions with drier climates, yield increases can be as high
as 18 percent with only 60 percent of the water used in
traditional irrigation. This means that if we would transition
from traditional irrigation to smart irrigation based on EO data,
we could increase global food production by around 12
percent - without any more water than currently used.
Leveraging the global reach of EO data further to optimize
water application globally would be sufficient to completely
bridge the food gap.
However, while EO data will be important to continuously
monitor more than 1.5 billion hectares of global crop land,
resource administration is still happening locally. So how do
we bridge this gap from planetary orbit to field-level?
A time for change
To develop a market that operates on an international level
and sustain future food security, we need systems that can
do so on the level of a single field, but autonomously take
action on a global scale.
It will be about merging global datasets from space with
IoT field data and combining them with EO data - timely,
accurate, actionable, affordable information helps bridge the
global food gap. On this note, it’s about creating technology
that is for a healthy planet and nature instead of building
around and above urgent issues. Understanding the problems
farmers are facing and providing them with a solution that
builds on transparency and a smart way of tackling their
challenges for the future will bring not only pure economic
benefit, but a substantial impact on social change.

Difference between IR-derived crop water need (upper left) from plenty available (blue) to severe stress (red) and visual
representation of fields (lower right) in the corn belt of the US. Source: ConstellR, based on NASA imagery.
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