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1 INTRODUCTION

1.1 Purpose and scope

The purpose and scope of this document is to report on the activities that aim at understanding and
profiling different markets for application of GNSS reflectometry.

This document reports on the feasibility study, which is conducted in order to assess the market
potential and expected economics. Hence this market analysis provides a description of the
MISTRALE products and their application in different markets. So far, we have defined three
products:

1. The GNSS-R sensor;
2. The GNSS-R sensor integrated in a drone, and
3. The soil moisture monitoring service.

Besides a description of these three products specific markets per product are elaborated in User
Case descriptions (or verticals), where the information need for soil moisture data is further described
as well as how MISTRALE relates to alternatives.

1.2 Intended audience / Classification

This document is intended for all project partners and WP patrticipants and is in first instance written
as an internal report. As the information is relevant to a wider audience, the report is made public.

1.3 Acronyms and abbreviations

Acronym Explanation

GNSS-R GNSS Reflectometry

GSA European GNSS Agency

MISTRALE Monitoring of Soll moiSture and wateR-flooded Areas for agricuLture and Environment
AGL Above Ground Level; flying altitude

RPAS Remotely Piloted Aircraft Systems

ICF interferometric complex field

RHCP Right Hand Circular Polarisation

LHCP Left Hand Circular Polarisation

SNR Signal to Noise Ratio

iIGNSS-R Interferometric GNSS Reflectometry

CNC Computer Numerical Control (technique to guide machines)

SMAP Soil Moisture Active Passive (satellite mission)

SMOS Soil moisture and Ocean Salinity (satellite mission)

TDR Time Domain Reflectance (in situ soil moisture measuring technique)

MISTRALE: Grant Agreement no. 641606 4
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2 DESCRIPTION OF WORK DONE

2.1 Introduction

This market, or feasibility analysis is made to assess the market potential and expected economics
for setting up the commercial exploitation of the service or other marketable solutions from
MISTRALE. A thorough understanding of the market is required to position the soil moisture mapping
service for the customers. In the proposal, the service is positioned as the missing link in soil moisture
monitoring but the market position of the service has to be assessed. In fact, the position of the
service needs “approval of the market” because existing practices need to connect to it.

2.2 Approach

The MISTRALE project envisages delivering a service for soil moisture monitoring by deploying a
drone with a GNSS-R instrument and the associated software to provide soil moisture maps to our
customers. During discussions within the consortium, with GSA, reviewers and in particular with the
advisory board, it became clear that this envisaged service is not yet ready to market. Furthermore
these discussions showed that it is not the only product that MISTRALE could deliver: some markets
would be better served with the instrument itself, like for instance the research market. And while the
service is our ultimate goal, these other technology solutions, called ‘cut-offs’, should be marketed
as well. It has been discussed that these cut-offs are expected to be closer to market and thus might
help overcoming the well-known chasm between development and deployment.

To improve our understanding of the market, we have chosen to follow a value chain approach to
identify what type of technological solution from MISTRALE would fit that specific market. These are
so-called ‘verticals’. The verticals presented here were selected from the longlist based on their
perceived attractiveness to this consortium. During the project, further elaborations (and possibly
extension) of these markets are necessary to develop the business plan.

For a logical order in this document, we start with a description of the cut-offs. We have identified
three specific products from MISTRALE (the sensor, the sensor integrated in a drone, the service)
and for each product matching verticals were identified and described. For each vertical, we collected
the following information:

- The required soil moisture information / monitoring need;

- market drivers;

- current situation (alternatives) —> MISTRALE’s ‘unfair advantage’;

- assessment of current stakeholders and players;

- need/ user case related to MISTRALE parameters (AGL, speed, elevation mask).

Based on this assessment we have drawn conclusions in the final chapter.

MISTRALE: Grant Agreement no. 641606 5
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3 MISTRALE TECHNOLOGIES

3.1 Introduction

The MISTRALE project is aiming for the commercialisation of a service providing soil moisture
maps. To achieve that, the MISTRALE project will develop and demonstrate a prototype of GNSS
Reflectometry (GNSS-R) sensor embedded on a dedicated Remotely Piloted Aircraft Systems
(RPAS). But from this development you can extract more than one product to sell. The service will
sell soil moisture maps, but the sensor or the sensor integrated in the RPAS, can also be seen as
products. For this assessment, we are working with the three defined ‘cut-offs’ of MISTRALE as
presented in Figure 1.

WHAT ARE WE SELLING?
x>

=

Mistrale

SENSOR + DRONE

SERVICE

Figure 1: MISTRALE's cut-offs: the sensor, the sensor and the drone integrated, and a service.

In this chapter we discuss the three different cut-offs, followed by the verticals that can be served by
them in the next chapter. This is introduced by a description of the GNSS-R technology and sensor.

3.2 GNSS-R Sensor

For the MISTRALE sensor the so called interferometric GNSS-R (iGNSS-R) technology or waveform
analysis is used. For specific moisture measurement, we use the interferometric complex field (ICF)
method, which corresponds to the power ratio between the reflected and the direct signals.

For positioning and navigation, the used GNSS signal corresponds to the direct path between the
satellite and the receiver. Reflected signals are called “multi-path” and are to be avoided as much
as possible because they disturb the good positioning. In GNSS-R applications the opposite is done
and those reflected signals are used to characterise the reflection properties of the surface. Thus,
GNSS multi-path signals can be used to infer volumetric soil moisture around a GNSS antenna.

Within this technique the acquisition of the direct and reflected signals is separated through two
distinct antennas: the first one zenith-facing (and RHCP polarised) to capture the direct signal, and
the second, nadir-facing (and LHCP polarised), to capture the reflected signal. The main interest of
this reflectometer (i.e., acquisition system) is the ability to optimise the reception of the two signals
(direct and reflected) independently of one another, especially in terms of antenna polarisation. The
cross-correlation of the two signals is then facilitated by the fact of having been separated.

Since the power of the reflected signal is lower than the direct one, conventional GNSS receiver
needs to be adapted. On the GNSS-R side, the sensor should be capable of processing the reflected
signals both from right-hand and left-hand polarisation, which also means that two antennas (and
therefore two reflected GNSS data flux) are required, as well as processing two channels per
satellite. The complexity of this receptor is amplified by the fact that it must have a light weight, and

MISTRALE: Grant Agreement no. 641606 6
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it must also require low power consumption to be embedded on a Remotely Piloted Aircraft System
(RPAS).

Figure 2: The MISTRALE sensor.

There are two main techniques for the acquisition mode of the reflected signals, each one with its
own set of pros and cons:

Beside the waveform techniques described above and used for the MISTRALE sensor there is a
second method that uses a single GNSS antenna to conjointly capture the direct and reflected
signals. The interference between the direct and reflected signals produces a modulation that can
be observed in temporal variations of the signal- to-noise ratio (SNR) data recorded by the GPS
receiver. Variations of the nature of the surface are likely to modify the properties of the reflected
waves, hence showing a dependence of SNR on soil moisture content. These fluctuations in signal-
to-noise ratio (SNR) data can be recorded by a conventional GNSS antenna, because the antenna
gain is not zero for elevation angles less than zero. The direct and reflected waves interfere in the
antenna, and these coherent interferences are particularly visible in the SNR. This technique known
as “SNR technique” has the major advantage of using a single conventional GNSS antenna, without
any hardware modification. This is of interest given the numerous antennas of GNSS permanents
networks, which could thus be used for GNSS-R purposes.

Leica AR10 Antenna gain T o GNSS satelite
pattern
<
(e8] \'?%
% \ A
i 2 %\%
.,
P 30 2 “\e
2
. 200 WY & E N\ onss
N | a0 \/2'8 receive
180° [ |o k-
£
\ \__,/”\‘__/ "
210° 330 3
2/,;1- 300

Py i — Ground level

signal
SNR = ——

noise

Figure 3: Leica AR10 antenna gain pattern for RHCP and LHCP polarisation.

Geodetic GNSS antennae are designed to reduce the contribution of the multi-path as it degrades
the accuracy of the position determination. But, fortunately for GNSS-R sciences, the energy of the
reflected signal is not completely dampened. The signature of the reflections can be detected in the
SNR data recorded by GNSS receivers at different frequencies. SNR is related to the addition of the
powerful direct and weaker reflected GNSS signals in the receiving antenna. The overall magnitude

MISTRALE: Grant Agreement no. 641606 7
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and trend of the SNR is mainly driven by the direct signal. The reflected signal will affect the SNR by
producing a high frequency oscillation associated with a small amplitude perturbation with respect
to the direct signal, which depends on the satellite elevation angle. The reflected signal perturbations
will mainly be visible for low satellites elevation angles.

Table 1: Comparison between the two GNSS-R techniques.

T eveomanas | swRaas |

Hardware 2 dedicated antennas (one One single and classical antenna
RHCP, the other LHCP)

Price Expensive Low cost to middle

[>20 000 €] [S00 ; 10 000] €
GMNSS permanent Can not be used Can be used
stations: IGS. RGP....
Ground based Ok Ok
applications (95 % correlation
Airborne applications Ok 77 Max 300 m 77?

(Katzberg et al., 2006)

Spatial applications 77 No

The main advantage of the SNR technique is that it only needs a classical GNSS antenna (i.e.,
RHCP), without any hardware modification, which is not the case of the two-antenna based GNSS-
R technique. Moreover, this solution is very low cost and much simpler to develop and lighter than
the classical GNSS-R waveform analysis based on two antennas. However, the SNR technique was
only proven to work for ground-based and static application. Investigations are currently done to see
if it is possible to use it embedded on-board an aircraft.

With a static and ground-based antenna, soil moisture of a bare soil was retrieved with an accuracy
better than 2% of volumetric soil moisture, during 6 weeks of measurement, with a sampling
frequency of 10 minutes.

The SNR approach is used in parallel to the standard MISTRALE Sensor (using the waveform
iIGNSS-R technology) to enable measurement using very small RPAS and for testing purposes. The
desire for lighter RPAS comes from the user need analysis. In some countries, stricter rules apply,
but also from the user point of view lighter RPAS can be more easily flown.

3.3 Drone

The solution proposed is to fly a GNSS-R receiver using a small dedicate RPAS of less than 4kg
that can be operated over the area to be mapped. This RPAS must be optimised to carry the GNSS-
R system with its relevant 2 GNSS antennas (one looking up for the direct signal and two looking
down for both the right-hand and the left-hand polarisation). This RPAS must be usable under
various weather conditions.

Figure 4: The SkyWalker X8 body modified for MISTRALE (left) and the Boreal with its launching platform (right)

The objective during the development phase has been to define the type of mission (minimum
payload, speed, altitude, area to cover), to find the optimum design of the RPAS. The RPAS has

MISTRALE: Grant Agreement no. 641606 8
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been designed for the carrying of the payload and doing the measurements, as well as for the take-
off and landing which are crucial parts of the mission too.

The MISTRALE user requirements define two different types of mission. One is dedicated for
research flights with the objective of flying 10 hours while carrying a payload of 1.5kg. The second
mission is more dedicated to smart agriculture, where the aircraft needs to fly about 1 hour while
preferable carrying a lighter sensor (<0.5kg) based on commercially available modules and a
dedicated algorithm to extract the required information. Both flight missions aim to fly at an altitude
of 150m above the ground level and at a flight speed of 20 m/s (72km/h).

The SkyWalker X8 can have a payload of 1.3 kg. It needs a catapult and large space to operate. It
is worth noting that its use for small agricultural fields is not always handy, and a smaller drone would
be best suited.

The distinct difference between the two types of missions clearly states the requirement of two
different drones for each mission to be efficient. Hence, a 25-kg configuration for the "Long Range
RPAS" and a 2 to 4kg configuration for the "Short Range RPAS" are proposed. So, for the first type
of missions the Boreal is used, for the second mission the SkyWalker X8 can be used.

Based on the user needs and the availability of a second type of sensor, the lighter and cheaper
SNR type sensor the RPAS development for the MISTRALE project is accomplished through
miniaturization iteration. ENAC continued to optimise the complete system to make it easier to
operate for the final user. A smaller drone is now designed as a second prototype (the Cyclone).
Several flight tests have been accomplished. Post-processing of the flight data showed the
requirement of an in-flight stabilisation of the sensors. ENAC developed a gimbal enabling the
payload to rotate according to the drone’s attitude so the antenna orientation with regards to the
ground stays the same.

According to the evolution of the on-board sensor and the end user requirements, a third drone is
developed with innovative features such as vertical take-off and landing capabilities with transitioning
to high speed flight. The enlarged flight speed envelope gives a flexible operation possibility to the
user. Characteristics of the new RPAS requires a high precision on the geometry, therefore the
airframe is manufactured from composite materials by using CNC machined aluminium moulds. This
RPAS doesn’'t need a catapult to take-off and large space to land, therefore it is better suited for
missions above smaller agricultural fields.

BOREAL

V
s

Figure 5: The different drones used in MISTRALE and their sizes. The Boreal, Skywalker and Cyclone are elaborated in
the frame of MISTRALE. The Mako is a smaller alternative to SkyWalker but still requires a catapult. The project will
focus mainly on the SkyWalker.

MISTRALE: Grant Agreement no. 641606 9
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Table 2: Comparison between the different drones.

| Boreal Skywalker (X8) | Mako Cyclone
WingSpan [m] 4.2 22 1.3 0.9
Max Take-off Mass [kg] 25 4.5 15 1.3
Payload Capacity [kg] 5 14 0.3 0.25
Flight Speed [km/h] 65-130 50 60 60
Max Flight Speed [km/h] 180 75 a5 100
Endurance [h] 10 1 1 1+
Material composites polystyrene polystyrene composites
Launch System Sandow Catapult Bungee, Catapult Bungee, Catapult Hand Release
Landing System Field Field, Net Field, Met Hand Cateh, Field
Target sensor Mistrale Waveform Mistrale Waveform Additional Additional
SNR SNR
Advantage Large payload Large payload more compact Easy operating
Large missions Smaller missions airplane
Target Research, river agricultural agricultural agricultural
management

3.4 MISTRALE characteristics and parameters

When the drone flies over a field (for simplicity, a flat area), specular points falling in a certain area
can be taken into account. At a given epoch, this area will depend on the elevation mask (chosen in
GNSS receiver) and on the drone altitude. As the drone progresses along its track, the circular area
moves along track as well as the specular points. Between two acquisition epochs, the overlapped
area depends on the time delay between these two acquisitions, the RPAS velocity, and its altitude.
In addition to the along track overlap, the overlap between two tracks must also be taken into
consideration while dealing with resolution. In Figure 8 the RPAS trajectory (black line), as well as
the successive specular point on the ground, are shown. Finally, all these parameters, coupled to
the area to cover, will have an influence on the time needed to cover the target parcel, and on the
RPAS endurance.

If you compare the specular point position with respect to the RPAS and the skyplot, you see that
(as expected) the specular point of the satellite at the highest elevation (purple) is close to the RPAS
trajectory, whereas the specular point of the ones that have lower elevation are distant.

Figure 6: Schematic overview of the working of GNSS-R for soil moisture measurement.

MISTRALE: Grant Agreement no. 641606 10
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Figure 7: effects of altitude, speed, elevation masks and overlap on ground resolution.

Figure 8: Different measurement points from different satellites.

Although an overview of different combinations of flight altitude, speed, masking and overlapping
could provide useful insights, this is difficult to combine in a single table or graph. We therefore, for
our commercial feasibility, are satisfied with a rough indication how these parameters will influence

the spatial ground resolution and the time needed to cover an area. Other aspects are less relevant
to customers or markets.

In the following chapter, we discuss the different verticals.

MISTRALE: Grant Agreement no. 641606 11
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4 MARKET VERTICALS

4.1 Hydrology validation for down scaling (science)
4.1.1 Therequired soil moisture information / monitoring need

For many scientific applications concerning the hydrological cycle, soil moisture is a key variable.
Applications such as climate modelling, water management and operational forecasting of floods,
weather and droughts. A correct estimation of soil water content can highly affect the improvement
of the accuracy of hydrological modelling and therefore improve the quality of applications. This
variable can be monitored using in situ data, but local measurements are expensive, time consuming
and hard to spatialize. Satellite remote sensing products from SMAP, SMOS and even Sentinel-1,
or from Thermal Infrared spectrometers can offer a chance to provide good space-time estimates of
several hydrological variables and then improve hydrological model performances. At this moment,
adequate calibration is done with point measurements with no spatial detail, except interpolation
between sampling locations. Relevant and reliable data for hydrological validation is required, with
spatial coverage.

4.1.2 Market drivers

Forecasting of meteorological and hydrological phenomena, including droughts, floods, weather
forecasts, landslides, etc. require good models and good input data. Soil moisture is an important
variable. Scientists developing and validating models need good data.

Observe Globally Upscale for Prediction

ST

-

A §
Continental scale Downscale for
land-atmosphere modelling Application

Figure 9: Schematic overview of data relevant for applications related to hydrological modelling.

4.1.3 Current situation (alternatives) —> MISTRALE' s ‘unf air advantage’

Zhu and Hant provide a good overview of the state of the art:

The gravimetric method (taking samples from the field to the laboratory and weigh them before and
after drying) is simple and very reliable but extremely labour intensive. It takes a long time for the
soil drying process, hence it has a low temporal resolution with the best at 1-2 weeks. It is employed
for calibrating other soil moisture sensors rather than contributing to an operational monitoring

1 Zhuo, Lu, and Dawei Han. "The Relevance of Soil Moisture by Remote Sensing and Hydrological Modelling." Procedia
Engineering 154 (2016): 1368-1375.

MISTRALE: Grant Agreement no. 641606 12
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network. Soil sensors are in different types, like the neutron probe (radio-active material), TDR
(difficult to calibrate) or cosmic rays sensors (also see D6.5).

Zhu and Han conclude that satellite soil moisture products are mainly calibrated by in-situ soil
moisture observations.

These products are not directly relevant for hydrological catchment modelling. Therefore, a soil
moisture product that can be directly linked with hydrological models is desired.

MISTRALE can be an opportunity for scientists from the space domain (for calibration / validation of
space borne soil moisture instruments and solutions). Furthermore, it can offer relevant data to other
scientists in domains such as climate change, meteorology, hydrology, agronomy, ecology, soil
science, amongst others, that need spatial soil moisture monitoring. Funding agencies, such as the
European Commission (H2020), ESA, national science foundations, Worldbank and others have
provisions for either acquiring the MISTRALE service or equipment. It can offer an opportunity for
MISTRALE partners to participate in these projects, or deliver a service. For scientific publications,
it would be an asset if MISTRALE can be a referenced standard for soil moisture monitoring. This
could be delivered by our project.

4.1.4 Assessment of current stakeholders and players
The stakeholders can be grouped in three distinct classes:

- Scientists: Universities and scientific and applied research organisations are responsible for
the development and validation of hydrological models and application of RS data. Research
organisations often collaborate in international projects. Relevant institutions can be found in
Hydrology, Meteorology, Climate Studies, Earth Observation, Land processes a.o.;

- Funding agencies: those organisations have a stake in good results from science for their
purposes. Typical large organisations that are interested in better hydrological modelling are
UN (FAO, UNDP, UNEP amongst others), Worldbank, Development Banks (Africa, Asia
etc.), European Commission amongst many other organisations and governments on local
or global level;

- Instrument developers: companies making measuring devices, including sensors for
hydrology and satellite (remote sensing) sensor developers.

An important prerequisite to enter this market is good reference papers (peer reviewed, high impact)
describing the method and its value for hydrological modelling.

4.1.5 Need/User case related to MISTRALE parameters (AGL, speed, elevation mask)

The scientific community will need the barest product imaginable as they are capable and willing to
work on the raw data as much as possible. It is best approached by providing a sensor by itself, so
without drone and with access to instrument readings before assimilation. This means that scientists
themselves will decide on deployment type (masts, moving platforms, elevated platforms etc.) and
on parameter settings on masks, speeds etc.

MISTRALE: Grant Agreement no. 641606 13
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4.2 Trafficability (Military, humanitarian missions and agriculture)
4.2.1 Therequired soil moisture information / monitoring need

Trafficability is the capability of land to provide field traffic operations without detrimental effects to
soil structure amongst other. In agriculture, trafficability is also related to workability (tillage). Soils
must support those operations, but the soil conditions may include periods that are unsuitable for
traffic and tillage. Main limitations both of the mobility function of tractors and the risk of soil
compaction are due to excessive soil water content, hence the term trafficability refers largely to soil
moisture conditions providing or restricting field traffic by machinery. Based on available knowledge
of field trafficking processes, evolving operational trafficability forecasting models seems to be
feasible. Defining appropriate moisture criteria and calculating suitable field moisture may be
important for planning tillage operations. In humid areas, soil moisture deficits for springtime tillage
are critical and allow for only shallow operations. In sub-humid and semi-arid regions, restrictions of
workability due to dry and hard soil conditions have to be considered.

In the military, the movement of (heavy) vehicles in fields require an adequate reconnaissance of
the off-road field conditions. Vehicles require sufficient bearing and traction capacity of the soil, as
well as avoiding spinning and slipping of the wheels. Also, soils should not cling to the running gear
and build up material as this can block movement too.

The principle factor influencing the strength of a soil is its moisture content. All soils have a better
trafficability when dry and less when wet. For workability, too dry conditions are also unfavourable.
For military application, also the frozen conditions must be considered and the melting of snow and
ice.

4.2.2 Market drivers

Unfavourable conditions for field traffic have an economic effect on the farm, when wet soil conditions
prevent required crop care activities, like for instance spraying against moulds. Also, when driving
the machinery on unstable soils may cause unwanted compaction which has a detrimental effect on
crop growth. Suitable measurements for trafficability in agriculture are lacking, while the increase in
machine and implement weight make it a serious issue.

In the military, mobility is of course of the utmost importance and become stranded due to soil
wetness conditions is harmful to whatever military operation, both in armed conflicts and peace
keeping situations. Adequate measurements can be taken with penetrometers, but it is time
consuming and local. Here, a good alternative for soil moisture estimation can be an important added
value to the efficiency of military operations. The images below illustrate the importance of
trafficability indications.

Figure 10: water logging conditions cause difficulties for trafficability and are cause to extreme compaction.

MISTRALE: Grant Agreement no. 641606 14
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4.2.3 Current situation (alternatives) —> MISTRALE’ s ‘ unf air advantage’

In the military usage is made of the so-called Cone Penetrometer (see image). This is a standardised
cone and the force required to penetrate a soil is measured and translated into a trafficability index.
The US Army have developed a model to interpret the readings from the Cone Penetrometer which
is called the AMC-74, which provides outputs like maximum vehicle speed.

Figure 11: measuring soil trafficability with the cone penetrometer.

In principle, the wet conditions, soil moisture content, define the trafficability of a given soil. Its
assessment is relevant to assess mobility or potential damage to soils in case of agriculture.
MISTRALE can provide adequate maps of trafficability conditions in a faster and area covering
manner that is not feasible with penetrometers.

4.2.4 Assessment of current stakeholders and players

The assessment of trafficability in agriculture is mostly done by the driver of the vehicle, based on
experience and encyclopaedic information. In the military, it is done with penetrometers and other
similar equipment. Services hereto hardly exist.

4.2.5 Need /User case related to MISTRALE parameters (AGL, speed, elevation mask).

There are two ways MISTRALE can serve this market. The first is by flying a GNSS-R sensor over
a field and translate the measured soil moisture content into a trafficability map. This would require
a high level of detail, as small changes in soil moisture can make the difference, related to slipping
etc. This implies low altitude, low speed and wide mask.

Another way is — when GNSS-R sensors are robust, small and relatively cheap — to install GNSS-R
sensors in the front of the vehicle and thus measure the relevant soil conditions instantly, providing
an alarm when certain thresholds are passed.

MISTRALE: Grant Agreement no. 641606 15
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4.3 Drainage advice (Infrastructure & Farming)
4.3.1 Therequired soil moisture information / monitoring need

Drainage is the technique for accelerated water discharge from soils. The effect of drainage needs
to be determined to calculate if investments can be earned back. Monitoring soil moisture dynamics
are a very relevant indicator for drainage needs. Also, spatial differences due to soil types, terrain or
topography may influence the need for drainage and assessing this can be relevant to make a
decision / advice on drainage. Also, when a drainage system is in place, soil moisture dynamics
should be positively changed and again measuring this is relevant for the reassurance that the

Undrained Condition Jf Drained Condition

PRI e 1

Figure 12: Drainage application in a field (left) and a schematic overview of the effect of drainage on plant growth.

4.3.2 Market drivers

Tile drainage installation has increased in the past decades. This is due to several factors, including
increased rainfall intensity, fluctuating water tables but also higher land prices and growth of high
value crops, which require optimal water conditions to return. This requires early planting / sowing
so drainage will prevent too wet conditions. Also, sufficient drainage in the harvesting period is of big
importance to avoid soil structure damage. So, drainage is a management practice, or maybe even
a risk evasion tool, for better crops.

Also outside agriculture, drainage is a big issue. In infrastructural works (roads, railways, urban
development etc.) rising water tables can cause damage to the soil beds. And the opposite, lowering
water tables can cause oxidation and compaction which also can damage the works. Basically, a
drain can be the upper limit of the groundwater table, assuming that the outflow is at a lower level
(ditch, river, canal etc.).

4.3.3 Current situation (alternatives) —> MISTRALE' s ‘' unf air advantage’

As with other applications, the main alternative is in-situ measurement. The point based stations only
provide soil moisture dynamics at a given point, which should somehow be translated to an area
figure or map. MISTRALE creates maps instantly. For agricultural applications, creating a map of a
field during drying conditions (e.g. one or two days after a rain event) can provide a lot of insight in
spatial patterns in soil water dynamics, either indicating if existing drains do function well, or
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indicating in the absence of drains where they would be a welcome addition to improve soil
conditions.

4.3.4 Assessment of current stakeholders and players

Drainage quality is often first assessed by observing wet places or hampered water discharge.
Measuring the outflow of drains may give indications as well as observations by land owners /
farmers. The use of remote sensing for detecting drainage issues is not well evolved. Some thermal
infrared cameras can be used, as well as simple RGB for uncovered soils (winter time).
Nevertheless, a good assessment of drain performance is an issue and MISTRALE can offer a
solution.

4.3.5 Need /User case related to MISTRALE parameters (AGL, speed, elevation mask)

At field scale, a high spatial resolution is required, up to 10x10m or better. This means that a drone
based survey should have a lower altitude and speed, a higher elevation mask and a sufficient
overlap between tracks to create accurate maps. The resolution should be better than half the inter-
drain distance, so it is variable across land use types and soil types.

Besides drone-integrated, for drainage issues a vehicle mounted sensor (on a mast) can be a good
alternative.

MISTRALE: Grant Agreement no. 641606 17
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4.4 Flooding and Drought (Insurance)
4.4.1 Therequired soil moisture information / monitoring need

Both in cases of floods and droughts, insurances need to assess the extent and impact of the
phenomena, both spatially and temporally. The impacts in agriculture can be many, from delayed or
cancelled sowing/planting, delayed field work, delayed or cancelled harvesting, soil structure
damage (a multi annual effect), yield reduction, yield loss or total crop loss etc.

Insurance companies also cover other weather/climate related events, such as heavy winds and hail
stones. Here the damage is difficult to assess other than optically. For flooding and drought, it is vice
versa: the effect is less obvious to assess by an insurance agent or observer. MISTRALE's technique
will help insurances to better assess the extent.

4.4.2 Market drivers

Crop losses due to flooding or droughts imply serious economic and food security issues in the
concerned regions. Both flooding and droughts are phenomena that are difficult to predict at the time
of planting, their impact is most often regional and when it occurs and with the advent of more
extreme weather conditions, their manifestation increases.

Insurance companies have to make assessments of the area affected by flooding or drought. In both
cases the spatial extent and duration of the phenomena influence the impact. Timely and adequate
measurements will help insurance companies to improve their response. In countries or regions
where no insurance exist, farms can be compensated for their losses through governmental support.
Also in these cases, adequate (timely, accurate) assessment of the extent of the phenomena is
required.

Figure 13: agricultural field flooded with water after extreme rainfall.

443 Current situation (alternatives) —> MISTRALE’ s *unf air advantag

The current situation is mostly done with field visits. There is a growing interest in remote sensing,
but their use is limited due to cloud cover, overpass frequency or inadequate spatial resolution.
MISTRALE can provide an instrument that can be used for both drought and flooding and that can
be deployed when needed. As it relates to events that are not likely to occur too often, a service to
insurance companies and governments seems to be the most relevant business model.

4.4.4 Assessment of current stakeholders and players

Farmers, banks and other finance institutions, insurance companies and (regional) governments are
the most relevant stakeholders. Information services based on remote sensing are emerging but do
not have a firm market position. Figure 14 shows a schematic organisational structure for flood
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insurance. The Technical support unit assists the insurer in assessing risks and occurrences.
Although other organisational structures will be around, the role of technical support is always
present and MISTRALE can address this technical support with its services and products.

Steering Commities Remate
Sensing
Agency

Insurer(s) Technical

— Support Unit External Technical
| Assistance

; Extension and Training
Distributor | for farmers

e.g- MFI, Farmer Co-operative

Farmers in Farmers in Fammers in
defined flood defined flood defined flood
risk zone risk zone

risk zone

Figure 14: organisational structure of micro-level flood insurance

4.4.5 Need /User case related to MISTRALE parameters (AGL, speed, elevation mask).

MISTRALE can retrieve wetness conditions and for insurance purposes the timely assessment of
the extent is relevant. Higher altitude and speed are hence required for the first iteration. More
accurate measurements can follow in a second iteration to identify the events around the edges of
the area or at specific spots (specific terrain or topography).
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4.5 Irrigation (farming)
45.1 Therequired soil moisture information / monitoring need

Farmers require timely information on the depletion of the soil moisture storage, as this will influence
crop growth and thus farm income. Soil moisture is often modelled as a bucket approach, where
rainfall (or recharge from a shallow water table) increases the soil moisture content, and transpiration
(crops), evaporation (soil) and percolation to deeper layers reduces the soil moisture content.
Several models are in use to simulate soil moisture content in the rooted zone, using predominantly
weather data and empirical tables. Some irrigation advice models can be nudged with actual soil
moisture measurements, often taken from a single point in an area.

45.2 Market drivers

Irrigation is a costly activity at many farms but as water is of crucial importance for crops to survive,
farmers find they have little choice. However, the planning and intensity of irrigation can be enhanced
to optimise the water supply: too much damages the crop and is expensive, while too little results in
crop damage that may cause yield attenuation or even loss. Furthermore, an ideal water supply can
improve the product quality.

Coincidently, extracting water from water resources has an ecological effect, both from (deep) wells
and surface water. And several other water users, like drinking water facilities are competing for
these constrained resources. Wise use of water for irrigation is therefore an issue in many regions.
Optimised water use for agriculture is therefore good for ecology and good for costs management at
the farm.

4.5.3 Current situation (alternatives) —> MISTRALE' s ‘unf air advantage’

Soil moisture monitoring is mostly done by single point in situ instruments. In many cases, farmers
install these sensors on the driest spot on his farm, to have an early warning. But area coverage of
soil moisture information, as the one MISTRALE can deliver, is much better to base irrigation
decisions on.

4.5.4 Assessment of current stakeholders and players

Besides the farmer himself, major stakeholders are i) developers and suppliers of irrigation advices,
with models and/or with in situ sensors and ii) agricultural collectors that are concerned about their
water footprint (e.g. Pepsico).

4.5.5 Need /User case related to MISTRALE parameters (AGL, speed, elevation mask).

The irrigation advice requires at least daily information at 30-50 m. spatial resolution.
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4.6 River and hydro dam management (water management)
4.6.1 Therequired soil moisture information / monitoring need

In D6.5 this market has already been described. From this report: The French dam management
companies have various environmental constraints: first of all they have to monitoring the flow and
maintain downstream water flows known as “débit maintenu” according to the French fisheries law
from 1984. The application of European Water Framework Directive (2000/60/CE) imposed to
maintain a good general condition for dam disturbed rivers. That is why dam managers are
developing an increasingly rigorous control of river bio-geomorphology. To achieve this objective,
the French electricity company EDF tries to develop a modelling of the river changes (mainly
downstream). This modelling approach needs numerous data like flooded areas after a release from
the dams, water quality changes, streamflow, moisture variations, water content of the riverine forest
and water state changes (water, ice). EDF need a continuous monitoring of downstream rivers to
adapt the dam flow to the climatic conditions and to conserve the ecological continuity
(upward/downward dam perturbation) of the river and its tributaries.

Soil moisture data (both unsaturated and flooded conditions) is required for both validation of
modelling and as input for these models as well. The latter would require a monitoring strategy.
Given the nature of these companies, it is expected that they will do this themselves, hence acquiring
the full operational equipment sensor+drone. Alternatively, services may be hired to perform these
measurements.

4.6.2 Market drivers

Electricity is of unequalled importance for modern society. The ‘traditional’ production of electricity
with coal, gas or oil fuelled facilities is no longer societal acceptable, as well as nuclear sources,
which are at this moment the largest providers of electricity in Europe. Green alternatives are
emerging including hydro-power. Hydro-power has however an significant impact on its direct
environment. It may be good for climate change mitigation, but at the expenses of a high local
environmental and ecological costs. In order to contain these externalities, power companies are
inclined to monitor environmental effects and act in a preventive way. Hence, there is quite some
effort available to monitor effects of hydro-power dams that MISTRALE can capitalise on.

4.6.3 Current situation (alternatives) —> MISTRALE" s ‘unf air advantage

Many river authorities and water management boards use all kinds of in situ measurements, like
water gauges and soil moisture sensors. If an actual basin wide soil moisture map is required, these
organizations arrange a helicopter flight. MISTRALE offers a flexible and cheaper alternative
providing an area coverage.

4.6.4 Assessment of current stakeholders and players

Power companies, like EDF are the most relevant stakeholder here. The local, national and
European administrations are creating legislation and rules in this area and are hence also relevant
stakeholders. Several engineering companies are currently involved in modelling and monitoring
watersheds and dam performances. And finally, local stakeholders such as farmers and villagers in
the downstream valley have a very high stake in prevention of flooding, or in worst cases, early
warnings.

4.6.5 Need /User case related to MISTRALE parameters (AGL, speed, elevation mask).

Soil moisture and flood monitoring for this application is related to larger areas and compared to
current activities, a coarser resolution is already a big improvement. Depending on the specific task,
flight level, speed and elevation masks need to be specified, but in general larger areas should be
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served in a single flight, requiring relatively high flying altitude, fast speed, broad mask and medium

overlaps.
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4.7 Forest fire (Risk management)
4.7.1 Therequired soil moisture information / monitoring need

Drought information (the whole layer of vegetation and soil) is combined with land cover data to
assess wildfire risks and predictive maps. This is used to estimate the ‘fuel’ available for fires.

The fuel-maps are dynamic and mainly required in the summer season with expected high air
temperatures. Within the season, monthly or weekly imagery is required.

4.7.2 Market drivers

Forest fires make damages to the eco-system and are a serious threat to people living in the area.
As more development takes place in or near fire prone regions, the risks on economic and personal
damages increase, hence the interest from fire fighters to work on prevention and prediction
increases. Climate change (longer drought periods) may also enhance the risk. Fire brigades, forest
managers and other involved authorities are increasingly deploying advanced fuel and risk models
to focus their monitoring efforts and to improve their capabilities to contain fires at the earliest stages,
preventing large areas to burn. These models require adequate information including soil moisture
that can be delivered by MISTRALE.

4.7.3 Current situation (alternatives) —> MISTRALE' s *unf air advantage’

There is quite some progress in the use of satellite borne soil moisture sensors, like SMAP and
SMOS. These sensors have a coarse resolution compared to MISTRALE. In some cases satellite
data value adders make seasonal and daily fire hazard maps. These maps are however depending
on satellite overpasses and in some cases use is made of optical or thermal sensors that require a
clear sky in order to picture the land cover. MISTRALE can contribute specifically to these daily
hazard maps with an at-will deployable sensor.

4.7.4 Assessment of current stakeholders and players
The figure below shows the conceptual model of wildfire management.

Prevention
Fuel Treatments Programs

Suppression
Response

Response
Capacity

Topography

Reduce
Exposure

Fire Extent
& Intensity
Consequences
(Loss & Gain)

Figure 15: Conceptual Model of Wildfire Management?

2 Thompson MP, Ager AA, Finney MA, Calkin DE, Vaillant NM (2012a) The science and opportunity of wildfire risk
assessment (Chapter 6). In: Luo Yuzhou (ed) Novel approaches and their applications in risk assessment. InTech, New
York, NY, pp 99-120
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Within this model, the following stakeholders — related to MISTRALE — can be identified:

- Prevention: (scientific) research institutes and agencies that work on prevention plans and
execute programs. Also understanding how fires might evolve once started, as a function of fuel
and other;

- Weather forecast: in addition to soil moisture, wind, temperature and rain are important inputs;

- Fire fighters: response capacity to started fires;

4.7.5 Need /User case related to MISTRALE parameters (AGL, speed, elevation mask).

Forest fire risk assessment is a large area operation. At this moment there is a lot of coarse scale
data in use. When stretched to coarser scales (30-100 m.) MISTRALE can deliver a suitable
information product with better spatially defined information then satellite data. It can thus accept a
higher altitude, a higher speed and a wider mask.
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5 CONCLUSIONS

In the table below, we draw conclusions on the market potential, attractiveness and approach based
on the above descriptions. These conclusions will be further elaborated in the business plan.

Market potential: the valuation of sales revenues, so an accumulated assessment of product price
(sales price and costs), market volume and sales efforts. We give a 3 for a high potential
market, a 2 for medium and 1 for low.

Market attractiveness: the competitive structure, the profitability and the non-product environment
such as legal issues and other. Again, 3 is high, 2 is medium and 1 is low.

Approach complexity: how to enter and conquer this market. If this is assessed as easy or well-fitting
to the current players, we consider this a 3, and difficult is a 1. Obviously, a 2 means in
between.

Score: the total score as a multiplication of the three values, to indicate the commercial feasibility
and to allow for prioritisation.

Based on the table below, we have three markets that deserve our main priority:

- The science market for our GNSS-r sensor;
- The insurance market for a service;
- The irrigation market for a service.

This market priority is slightly different from our original assumption at project conception. Following
the project and markets, it makes sense however to slightly shift in priority. However, other markets
are related or can follow. Markets for our sensor+drone cut-off are less attractive at this stage. In all
cases, dedicated follow-up projects are required to enter the market and to convince existing players
of the relevance of MISTRALE.

Going through the table, our alternative single antenna, cheaper receiver, would presumably give
more priority to the sensor-only specific markets, the trafficability market.
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Table 3: assessment of market potential, attractiveness and approach complexity for the defined verticals.

Vertical

Cut-off(s)

Potential

Attractiveness

Approach

Hydrological =~ GNSS-r sensor Good prices, Scientists are early Scientific proof (papers), (18)
validation medium/low adopters and used to presence at science events.
volumes, global deal with early stage Follow up project with science
market (2) technology (3) stakeholders (3)
Trafficability = GNSS-r sensor (for Good prices, Defense is a reliable Application and (8)
vehicle mount) and medium  volumes, customer and able to demonstration focussed
(defense) integrated. global market (2) deal with new follow-up project including
technology. However, defense stakeholders.
compliance is hard and Participate at farrs and
expensive (2) conferences; connect to key
market player (2)
Trafficability = GNSS-r sensor Low prices, medium Market volumes take Demonstrate; Connect to key (6)
o vehicle-mounted; or volumes. Global time to achieve, cost player. (3)
(civil / service market. (2) driven market. requires
agriculture) ‘mass’ production. (1)
Drainage Service Regional / local Relevant market, Connect to drainage suppliers (6)
advice markets. Fair prices delivering information and larger service companies.
. but medium/low  products. Competition
(infra and volumes. Very is low. Demonstrate, demonstrate,
farming) regionally demonstrate. (3)
differentiated. (1) @
Flood / Service Incidental market but ~ Very attractive through Demonstrate and connect to (18)
drought with high needs so clear needs, limited insurance experts. Follow-up
good prices. Very players and high  project is desirable. (3)
(Insurance) regional. (2) relevance (3)
Flood / Drone+Sensor; Localised market  Competition from other  Follow up project, (12)
drought . with specific needs technologies and demonstration. (3)
Service that we can satisfy satellite business
(dam maybe
management) (2)
2
Irrigation Service Dedicated and Price and added value Develop follow-up project and (18)
. seasonal market, low  driven market, although  focus in particular on business
(farming) prices, medium  timely irrigation is worth  case for the farmer. Proving
volumes, although alot. (2) yield increase is hard and
regional can be high. requires multiple seasons.
3) Connect to research station
(INRA, WUR, Napels Uni etc.)
(©)
Forest Fire Service Dedicated market, Combine with irrigation  Proof, proof, proof. So again a (8)
Risks fair  prices, fair advice is service follow up project is required
Drone + sensor volumes. (2) concept. Specific  for this dedicated market with
market (2) dedicated players (2).
26
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