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SPACE STRATEGY DOCUMENTS 

Space Strategy is incorporated in the implementation plan of “Knowledge-
based Estonia 2014-2020” 



ESTONIAN SPACE POLICY AND STRATEGY

 The Estonian space sector strategy was approved at the end 
of 2011. The need to specifically define targets was 
originated from the fact that Estonia belongs to the EU and 
cooperates with ESA since 2008.

 In addition, Estonian companies and scientific institutions 
have had experience in the field of space technologies since 
the 1960s, specifically in astrophysics, cosmology, optical 
remote sensing, atmospheric physics, materials science and 
technology.

 Estonia’s primary strategy in the field is to reduce its 
fragmentation, enhance cooperation between private and 
public sectors, and to set goals and activities

 The goal is to encourage both public and private sectors to 
find use for space applications, to develop space-related 
entrepreneurship and to increase the importance of natural 
and engineering sciences in the education system.



ESTONIAN SPACE POLICY AND STRATEGY

The priority areas outlined in the strategy are:
 Safety and security: emergency prevention, crisis 

management, maritime safety
 Health and environment: meteorology, 

environmental monitoring and protection
 Forestry and agriculture: identification of land units 

and land use, precision agriculture, forest 
monitoring

 Education and nature: popularization of exact 
natural sciences and technical fields, preparation of 
specialist in the field of space, and participation in 
the joint programmes of the European Union

 Transport and logistics: intelligent traffic planning 
and management, monitoring of means of 
transportation and goods



REMOTE SENSING  - COMBINED COMPETENCES IN ESTONIA

 EO: Forest and land cover, agriculture, water and 
ozone in atmosphere, water, instrumentation for 
ground, air-born and nanosatellites , test and 
validation

 Oceanography, environment in harbors, ice and snow, 
oil pollutions, instrumentation and networks 

 Biodiversity, GIS, mapping, positioning 
 Climate, weather, atmosphere 
 Education 
 Forestry, Agriculture, Hydrobiology, Interactions-

Atmophere-Forest- Water 
 Mapping, SAR applications (forest, surface water, 

grasslands), atmospheric gases CO2) EARCH 
INFRASTRUCTURE



 Examples of forest remote sensing in Estonia 
(Urmas Peterson, EMU, Tartu Observatory)

 Central Estonia, Kabala on satellite images 
of different spatial resolution

 Winter, the ground is covered with snow

 High resolution images are for maps in scale 
1 : 10 000 to 1: 25 000 Moderate resolution 
Landsat TM images are for maps in scale 1: 
100 000

REMOTE SENSING  - ENVIRONMENTAL MONITORING

Frequency distribution of 
pixel values 
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REMOTE SENSING  - ENVIRONMENTAL MONITORING



 Examples of forest remote sensing in Estonia (Urmas Peterson, EMU, Tartu Observatory)

REMOTE SENSING  - ENVIRONMENTAL MONITORING

Afforestation of formerly non-forested 
land between 1987 and 2005

Cultivated land in May 1990 Cultivated land in May 2007



JÄRVSELJA TRAINING AND EXPERIMENTAL FOREST STATION

The Free Air Humidity Manipulation (FAHM) experiment
http://fahm.ut.ee/main?lang=en

• FAHM experiment was construted in Rõka village in 2006-2007 to study the effects 
of elevated air humidity on deciduous forests, humidification manipulation started 
in 2008.

• FAHM is unique: it is the only open-air forest ecosystem climate manipulation 
experiment in Estonia and the only climate manipulation in the world, where 
elevated air humidity effects are studied.

•About 20 articles have been published based on results from FAHM, including in 
top journals (Global Change Biology, Frontiers in Plant Science, Journal of 
Experimental Botany).

http://fahm.ut.ee/main?lang=en


JÄRVSELJA TRAINING AND EXPERIMENTAL FOREST STATION

SMEAR Estonia. A large scale research infrastructure, the Station for
Measuring Ecosystem-Atmosphere Relations (SMEAR) has been 
established in cooperation with University of Tartu, Tartu Observatory and 
University of Helsinki http://smear.emu.ee

 SMEAR Estonia started in 2008 at Liispõllu 20m tower
 SMEAR Estonia: the new 130m tower operates since 2013. 

Measurements of CO2, H2O and BVOC. Assessing 
meteorological data, concentrations of greenhouse gases and 
reactive trace gases such as ozone and Nox

 Linking the fields of plant- and ecophysiology, soil sciences, 
forestry, micrometeorology, atmospheric chemistry and 
physics and mathematical modelling

Measuring Spruce volatiles with an 
automatic chamber system

Key finding 2012: Dense hemiboreal mixed forest leads to accumulation of 
gases inside the canopy

3916 S. M. Noe et al.: Seasonal variation in vertical ambient BVOC concentrations

Fig. 3. Isoprene and total monoterpene concentrations measured in ambient air throughout the forest canopy and seasons. The sum of

monoterpenes includes ↵-thujene, ↵- and β-pinene, camphene, 1 3-carene and limonene (see also legend Fig. 5).

ÊÊ

ÊÊ

ÊÊ

ÊÊ

ÊÊ

0 2 4 6 8

20 m

16 m

12 m

8 m

4 m

0 m

isoprene @mg m
- 3

D

Ê Ê

ÊÊ

ÊÊ

ÊÊ

0 20 40 60 80 100 120 140

S Monoterpens @mg m
- 3

D

0 5 10 15

20 m

16 m

12 m

8 m

4 m

0 m

Fig. 4. Variation of isoprene and total monoterpene ambient air concentrations measured over the whole year. The boxes, ranging from the

0.25 to the 0.75 quartile, cover 50 % of the data, the dashed lines denote the median concentration and the whiskers show the standard

deviation of the data excluding far outliers. Outliers are given as dots and mark in both cases the measurements in July 2010 with exceptional

high temperatures. The inset in the monoterpene plot show the shape of the boxes and the location of the median concentrations in detail.

monoterpene concentrations were found maximal in the for-

est understory between soil level and a height of 4 m. Here as

well, the outliers came from the measurements in July under

high temperatures. The median monoterpene concentrations

decreased from 8µg m− 3 at 0 m to 2 µg m− 3 at 20 m height

and the largest variability over the year was found at 0 m and

16 m (Fig. 4).

3.5 Relative contribution by monoterpene species

To assess changes in the contribution of several monoter-

pene species emitted, we normalized the total monoterpene

concentration to one and expressed each monoterpene by

its relative contribution (Fig. 5). These relative contributions

showed as well a gradient over the canopy. While near to

the forest floor, ↵-pinene was the most abundant species, we

found limonene dominating on top of the canopy for most

times of the year, indicative of different sources contribut-

ing to individual monoterpene species. 1 3-carene showed

the smallest fractional contribution to the total monoterpene

concentrations at 0 m for the most times measured and its

contribution was growing to top of the canopy. We assumed

that the relative share of monoterpenes inside spruce resin

does not change fast in time if already exuded from the stem.

Our finding (Table 4) revealed that compared to spruce lit-

ter, the share of ↵-pinene and limonene matched well while

β-pinene and 1 3-carene are about a factor of 7 larger in the

resin than in the spruce litter. Compared to the relative con-

tribution of monoterpenes in ambient air (Fig. 5) the resins

Atmos. Chem. Phys., 12, 3909–3926, 2012 www.atmos-chem-phys.net/12/3909/2012/



SENTINELS FOR COPERNICUS

ESA is developing a new family of missions called Sentinels specifically for the operational needs of the Copernicus 
programme.
Sentinel-1 is a polar-orbiting, all-weather, day-and-night radar imaging mission for land and ocean services. Sentinel-1A 
was launched on 3 April 2014 and Sentinel-1B on 25 April 2016. Both were taken into orbit on a Soyuz rocket from 
Europe's Spaceport in French Guiana



The problem
 According to risk analysis 0.83% of grasslands in

Estonia violate the cutting requirement.
 In Estonia there are 471 000 ha grasslands, the

violation results in 483 470 € of false payments.
 Infeasible to do total checks with inspectors
 If we had tools to check it, the money could be

saved and re-distributed from “sofa-farmers” to
actual active farmers.

Vision for the solution
 Copernicus Sentinel-1 time series to detect

cutting/grazing in the parcels
 Parcel borders from paying agency databases

Kaupo Voormansik, Tartu Observatory

MONITORING OF GRASS CUTTING WITH SENTINEL-1 TIME SERIES

Why Sentinel-1 data?
 Synthetic Aperture Radar, weather independence –

continuous regular monitoring.
 Free and open data policy – input data available at 

zero cost.



Sentinel-1 time series
 IW mode, VV/VH pol. 20 m by 5 m resol.
 3 different acq. geometries
 May to August 2015
 Total of 32 images

Careful field surveys
 Wet and dry biomass
 Grass height and cutting status
 Soil moisture
 In situ photographs
 Weekly monitoring
 Transect method,10 data points per field

Kaupo Voormansik, Tartu Observatory

MONITORING OF GRASS CUTTING WITH SENTINEL-1 TIME SERIES

What we did – the data processing
 Studying backscatter, interferometric and polarimetric SAR 

parameters
 Taking account sensor specific noise effects and

meteorological data

2015 experiment results
 Very encouraging results
 We can tell the grassfield cutting status and likely cutting 

dates with high reliability.

PILOT RESULTS DELIVERED TO ESTONIAN
PAYING AGENCY
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 Precision agriculture (PA) or satellite 
farming or site specific crop 
management (SSCM) is a farming 
management concept based on 
observing, measuring and responding 
to inter and intra-field variability in 
crops. 

 The goal of precision agriculture 
research is to define a decision support 
system (DSS) for whole farm 
management with the goal of 
optimizing returns on inputs while 
preserving resources

PRECISION AGRICULTURE



 The practice of precision agriculture has been 
enabled by the advent of GPS and Global
Navigation Satellite System (GNSS). 

 The farmer's and/or researcher's ability to 
locate their precise position in a field allows 
for the creation of maps of the spatial 
variability of as many variables as can be 
measured (e.g. crop yield, terrain 
features/topography, organic matter content, 
moisture levels, nitrogen levels, pH, EC, Mg, K, 
etc.).

 Similar data is collected by crop yield 
monitors mounted on GPS-equipped combine 
harvesters, arrays of real-time vehicle 
mountable sensors that measure everything 
from chlorophyll levels to plant water 
status, multi-, and satellite imagery

PRECISION AGRICULTURE



WHY DO WE NEED PRECISION AGRICULTURE?

CONVENTIONAL FARMING 

PRECISION AGRICULTURE



 Ca 15 000 farms in Estonia (2017)

 Ca 100 farms are applying  principles 
of precision farming

 Ca 100 000 ha (10%) are covered by 
PA

 But there are several single elements 
of PA at present…

PRECISION AGRICULTURE IN ESTONIA

SOIL SAMPLING     CA 90% FARMS

MEASURING SOIL ELECTRICAL 
CONDUCTIVITY

20 FARMS



PRECISION AGRICULTURE IN ESTONIA

VARIABLE RATES IN  FERTILIZING CA 5% FARMS
AN 7620 kg AN 5612 kg AN 3990 kg

-26% -48%

YIELD MAPPING
30% FARMS



 Demonstrating precision agriculture 
principles at three farms in the frame of 
long term crop production knowledge
transfer program (PIP)

 Lectures and practical training on 
precision farming for farmers annually

 Course on precision agriculture is part 
of the curriculum of Production and 
Marketing of Agricultural Products

ACTIVITES ON PRECISION AGRICULTURE AT ESTONIAN UNIVERSITY OF LIFE SCIENCES



BRIDGING GAPS BETWEEN SCALES

Satellites

Aircrafts

In-situ

Drones



REMOTE SENSING, RADIO AND SATELLITE TRANSMITTERS

 324 cranes have colour ringed and 6897 resightings have get 
since 1990

 37 birds have equipped with battery powered radio transmitter 
and 27 birds with satellite transmitters (PTT) since 1999 (21 
battery powered back-back PTTs and 6 leg-mounted solar PTTs)

 The radio- and satellite-tracking of cranes has been used to 
investigate the breeding home area and habitat use of cranes

birdmap.5dvision.ee

 Acquiring drones (UAV) with Lidar and multi-sensors 
for precision agriculture and remote sensing. In 
summer 2017, EMÜ will purchase UAV Lidar together 
with multirotor and fixed-wing drones.  Will be used 
in agriculture, forestry, landscape research

Etioopia14/115726.kml
Etioopia14/115726.kml


UAV Lidar and Drone

Lidar (also called LIDAR, LiDAR, and LADAR) is 

a surveying method that measures distance to a target by 

illuminating that target with a pulsed laser light, and 

measuring the reflected pulses with a sensor

.

The Routescene solution uses LiDAR (Light 
Detection And Ranging) technology which 
can be carried on a road vehicle or on a 
UAV (Unmanned Aerial Vehicle, aka drone) 
to create 3D maps quickly, efficiently and at 
a high resolution



UAV Lidar and Drone

Lidar (also called LIDAR, LiDAR, and LADAR) is 

a surveying method that measures distance to a target by 

illuminating that target with a pulsed laser light, and 

measuring the reflected pulses with a sensor

.



THANK YOU!


