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Soil degradation assessment in Europe, a review of status,
interaction and remediation
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As soil formation is an extremely slow process, soil can be considered a non-renewable resource.
Soils should thus be adequately protected and conserved to ensure that soil functions are not lost or
diminished. Soil functions are, however, threatened by a wide range of processes. Europe’s soil
resources may continue to degrade due to changes in climate, land use and other human activities.
The challenge is to prevent degradation and its adverse effects on soil functions and ecosystem
services, and even improve the ability of soil to perform its functions. The soil degradation
processes are complex and all parts of Europe are affected by one or more soil threats to some
degree. There is a lack of knowledge on, a large uncertainty in, and lack of quantitative
information on understanding the interrelationships between soil threats, soil threat and soil
functions, and soil and ecosystem services. A major challenge in clarifying these relationships is
how to integrate information and to analyse the key interactions. To bridge this gap, we have made
an approach based on a review and expert knowledge to understand and describe those
interrelations. This has been described in qualitative terms, and showed that the soil functions
‘biomass production’ is affected by almost all threats, whereas the threat ‘biodiversity decline’ has
a major negative impact on all functions. It also showed that both soil biodiversity and soil erosion
are more or less affected by almost all other soil threats. In the RECARE project, various
prevention and remediation measures were trialled. Changes in manageable soil and other natural
capital properties were measured and quantified, and a methodology to assess changes in
ecosystem services was developed. Overall, the results showed positive on the impacts of the
measures on ecosystem services. Although methodological challenges remain, the assessment
served as an input to a stakeholder valuation of ecosystem services at local and sub-national levels.
Although these activities are steps towards a soil remediation strategy, there is a need for further
research on the mentioned issues in order to achieve an improved overview of existing information
on soil degradation at the European scale, their interactions, and effects on ecosystem services. In
addition, the lack of legally binding targets limits the impact that existing policies have on
reducing soil threats and protecting soil function, although various EU policy instruments have
shown positive impacts even in absence of binding targets for Member States.
Keywords:
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Climate-smart sustainable management of agricultural soils
to address land degradation and restoration
Chenu Claire
AgroParisTech- INRA

As reported recently by the International Panel on Biodiversity and Ecosystem Services (2018,
1019) and by the International Technical Panel on Soils (2015), soils are in danger, with many
threats leading to their degradation. This is particularly the case of agricultural soils, which puts at
risk the many provisioning, regulating and cultural ecosystem services these soils provide.
Furthermore, soils are at the nexus of global challenges, such as food security, water security,
biodiversity preservation, climate change adaptation and mitigation. Climate-smart sustainable
management of agricultural soils needs to be developed and implemented. Such a management
ensures that: (i) agricultural production is maintained or increased, soil fertility is maintained or
increased; (ii) soil functions, soil ecosystem services, and biodiversity are maintained or increased,
soil degradation is reduced; (iii) the resistance and resilience of soils, and hence of
agroecosystems, to climate change is increased (iv) soil organic carbon stocks are maintained or
increased and GHG emissions are reduced. A number of management options have been identified
that lead to such benefits, many being under agroecology. However, the knowledge is still
fragmented and not available for all pedoclimatic conditions, and agroecology management
options still little implemented. To make a significant leap, a coherent and complete framework
needs to be developed, accounting for the diversity of soils, climate and socioeconomic conditions
and agricultural productions. Knowledge development is needed, e.g. on soil carbon sequestration,
on the influence of management options on agricultural soil in different pedoclimatic conditions,
as well as appropriate and available soil information and tools, including ICT tools for farmers and
managers. An enabling environment is also crucial, encompassing training and capacity building
as well as adequate policies and a business case for agricultural soils. A new program, the
European Joint Program on Agricultural Soils (EJP SOIL) ambitions to tackle these issues and will
be presented.
Keywords: climate change, agricultural soils
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A Smart Multi-scale and Multi-temporal System to Support
Precision and Sustainable Agriculture from Satellite Images
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In this century, one of the main objectives of agriculture is sustainability addressed to achieve food
security, based on the improvement of use efficiency of farm resources, the increasing of crop
yield and quality, under climate change conditions. The optimization of farm resources, as well as
the control of soil degradation processes, can be realized through crop monitoring in the field,
aiming to manage the local spatial variability (time and space) with a high resolution. In the case
of high profitability crops, as the case of vineyards for high-quality wines, the capability to
manage and follow spatial behavior of plant during the season represents an opportunity to
improve farmer incomes and preserve the environmental health. However, any field monitoring
represents an additional cost for the farmer, which slows down the objective of diffuse sustainable
agriculture. Satellite multispectral images have been widely used for production management in
large areas. The observation is limited by the pre-defined and fixed scale with relatively coarse
spatial resolution, resulting in limitations in their application. In this paper, encouraged by recent
in multiscale full-connected convolutional neural network (CNN) is constructed for pansharpening of Sentinel-2A images by UAV images. The reconstructed data are validated by
independent multispectral UAV images and in-situ spectral measurements. The reconstructed
Sentinel-2A images provide a multitemporal evaluation of plant responses using selected
vegetation indices. The proposed methodology has been tested on plant measurements taken either
in-vivo and through the retrospective reconstruction of the eco-physiological vine behavior, by the
evaluation of water conductivity and water use efficiency indexes from anatomical and isotopic
traits recorded in vine stem wood. Such a methodology, able to combine the pro and cons of spaceborne and UAVs data to evaluate plant responses, with the high spatial and temporal resolution,
has been applied in a vineyard of southern Italy by analyzing the period from 2015 to 2018. The
obtained results have shown a good correspondence between the vegetation indices obtained from
reconstructed Sentinel-2A data and plant measurements obtained from tree-ring based
retrospective reconstruction of eco-physiological behavior.
Keywords: CNN image reconstruction, pan-sharpening, vineyard status, precision agriculture
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Climate change adaptation measures are economically
justifiable even under no climate change: Evidence from the
South-Moravian region
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Climate change has a strong influence on agriculture and will continue to do so in the years to
come. As a result, significant social costs are generated. These effects may be eliminated by
implementing various types of adaptation measures. However, the measures are also associated
with costs and it is necessary to evaluate whether generated benefits and prevented climate change
costs outweigh them. This contribution studies economic impacts of climate change in agriculture
in the South Moravian region in a period of 2017-2040. Four scenarios are analysed based on
combinations of the following states of a world i) climate change worsens the current situation or
there is no change; ii) adaptation measures are implemented or the status quo is maintained. The
scenarios are modelled based on an anthropocentric approach using a modified cost-benefit
analysis and the concept of ecosystem services. The economic analysis covers investment costs,
operating costs, loss of profits due to decreasing production and other costs. The benefits side
consists mainly of regulation services prevented loss (thanks to lower soil erosion or better water
retention), improved air quality as well as external benefits such as higher biodiversity. Based on
measures’ effectiveness and costs, expected net present social benefits were calculated for each of
the scenarios. The results showed that implementing the measures is always profitable regardless
of climate change. Under no shift in climate change the estimated social loss until 2040 is 6.6
billion CZK with no measures implemented. If the situation regarding climate change becomes
more serious, the net loss rises to 9.5 billion CZK. However, the implementation of adaptation
measures leads to positive outcomes and is associated with net social benefits of 2.1 billion CZK if
it is necessary to battle climate change and to barely positive outcome when climate change does
not accelerate. The analysis confirms that implementation of adaptation measures is profitable
either way (especially if climate change becomes more serious) and can serve as an argument in
political decision-making as these measures appear to maintain sustainability of agricultural land
use.
Keywords: Climate change adaptation
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Transforming degraded smallholder farmland into multifunctional land use systems: A case study from Tanzania
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In our research, we have studied smallholder farmers in degraded farming systems in Northwest
Tanzania and have compared them with farm households who were trained in sustainable land
management by a local Farmer Field School. Both groups of farmers were affected by severe
environmental degradation and poor soil fertility, but trained farmers have transformed degraded
farmland into fertile, multi-functional land use systems. In this presentation, we discuss the
successes and failures of both groups of farmers and draw conclusions towards restoring degraded
land use systems. Farmers without training cannot restore degraded farmland with traditional
agricultural management alone and fail to produce enough food, fodder, biofuel and timber to
support the whole family. The reasons for their failure are manifold and include environmental and
socio-economic dimensions, e. g. poor management of soils and farm waste, lacking adaptation to
climate change, traditional gender roles, and the loss of knowledge and labour in HIV/AIDSaffected households. In comparison, trained farmers change nutrient management by using
advanced composting techniques. They also cultivate a higher variety of crops and trees, introduce
organic pesticide management, practise zero-grazing on nearby farmland to ease manure
collection, reduce open-grazing in the grassland, construct vegetable gardens that are watered by
drip irrigation in the dry season, change gender roles and communication structures. Consequently,
the main differences between both groups of farmers occur in food security, health status,
education level, marketing, income generation, prosperity, and gender-related responsibilities.
However, two challenges are not solved yet. First, part of the trained farm households fails to
increase their biomass production and to escape poverty. Second, the full potential of organic farm
waste being used as soil fertiliser is not exhausted, as human excreta is not integrated into nutrient
management. We assume that soil nutrient balances would be significantly enhanced by
integrating safe, low-tech solutions that use human excreta and minimal use of mineral fertiliser on
humus-enriched soils. Farm households who are most vulnerable to food security, e. g. femaleheaded and HIV/AIDS-affected households, first need to get support in strengthening their socio-
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economic base before transforming the farm management. In conclusion, local farmer field
schools significantly contribute to restoring land degradation. To transform smallholder agriculture
in Tanzania, a joint partnership with local governmental organisations could help farmers to
escape poverty and become food secure (SDG 1 and SDG 2). Similar approaches could support
smallholder farmers in East Africa, where they contribute to three-fourth of the agricultural
production.

Keywords:
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Nature-based solution for flood and drought risk reduction in
southern Iceland
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Ecosystems that are in equilibrium provide vital resources to local inhabitants, including
protection from naturally occurring disasters. Natural vegetation cover has been optimized over
many years to retain a maximum of rainfall runoff by increasing the field capacity of the soil
cover, securing water availability during droughts and reducing the flood risk during heavy
precipitation events. In this presentation, we will present new results from an assessment of the
ecosystem restoration effects on the runoff dynamics of rainfall water in Rangárvellir, an area in
southern Iceland. The Rangárvellir area consists of three watersheds, containing a rain-fed river
(Ytri-Rangá), a glacial river (Eystri-Rangá), and a groundwater-fed river (Hroásslækur). Dramatic
deforestation during the last millennium and year-round livestock grazing along with devastating
ash depositions during volcanic eruptions and a harsh sub-polar oceanic climate have led to severe
degradation in Rangárvellir. Since the beginning of the 20th-century diverse restoration measures
have been implemented making Rangárvellir an ideal case study to investigate the effects of
restoration on hydro-meteorological risk reduction. Additionally, in 2008 extensive forestation
projects were initiated. To investigate the effect of restoration on the occurrence of flood and
drought events we analyzed time series of discharge observations in the three rivers. For this
purpose, the frequency and intensity of flood peaks in Eystri-Rangá and Ytri-Rangá were assessed
during the years 1997-2015. Comparison with precipitation data reveals a significant underground
flow through the numerous lava fields in the region. Complementary discharge observations in
Hroásslækur confirm the intense water flow through local lava fields. The scientific findings and
conclusion of this project will generate valuable insights into the effects of land restoration on
hydro-meteorological risk reduction. The presentations will outline the main methods used during
the project and conclude by providing an outlook on the expected results.
Keywords:

13

TERRAENVISION Abstracts
Vol. 1, TNV2019-LD-2069, 2019
© Author(s) 2019. CC Attribution 3.0 License

Soil as a basis to create enabling conditions for transitions
towards sustainable land management as a key to achieve the
SDGs by 2030
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The Sustainable Development Goals (SDGs) can be grouped into three domains, the
environmental domain, the social domain and the economic domain. These different layers
influence each other; hence sustainable progress in the economic layer cannot be achieved without
good progress in the two other layers. To achieve the SDGs, transitions in the current system are
needed and actions should be taken that support transitions and contribute to short term needs and
long term (global) goals. Therefore, it is necessary to have knowledge of transitions and
understand the different phases of transition. In this paper we discuss the key role of the soil-water
system in these transitions and the achievement of the SDGs by 2030.
The increasing pressure on land calls for multi-use of land and for the restoration of degraded land.
Healthy soils and healthy land are the basic conditions for the successful implementation and
realization of the SDGs. To enable a sustainable management of the soil and water system a
transition approach is a prerequisite.
In the X-curve used to describe transitions, soil and land stakeholders are given a framework,
which provides perspective for action, specifically for science and governance stakeholders in each
phase of the transition. This framework can provide the required intensive guidance to (i) analyze
the impact of provided incentives, (ii) identify new reference points in the transition and (iii)
stimulate transition catalysts, and (iv) innovate by testing cutting edge policy instruments in close
cooperation with society. The key to make the necessary transitions and realize the SDGs by 2030
lies in the intensive guidance to combining initiatives, steering knowledge flows and continuously
assessing the stage of the transition, in order to plan specific steps needed to progress in the
transition framework. Both scientist and policy makers have an important role in this guidance.

Keywords:
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THE COCOON SYSTEM: ECOTECHNOLOGY FOR
ECOLOGICAL RESTORATION AND RAINFED
AGRICULTURE IN THE MEDITERRANEAN BASIN
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Ecological restoration projects of degraded natural areas or rainfed agriculture in the
Mediterranean region, especially when they include the plantation of woody species, generally
shown to be very expensive and inefficient, mainly due to the large number of leaks during the
first summer drought. Even in cases where support irrigation is carried out, medium-term mortality
rates remain high, as root systems developed under irrigation conditions present superficial growth
being more vulnerable to drought episodes. One of the current initiatives to address this problem is
the so-called \"Cocoon\". It is a 100% biodegradable device, built with recycled plant fibers. It is
designed to reduce water stress for the planted seedlings during the first drought season, while also
encouraging the development of a deep root system. This device has been successfully
implemented in various countries around the world and in a wide range of different environmental
conditions and objectives, from the restoration of areas affected by desertification to the recovery
of agricultural uses in abandoned lands. Results after first summer drought demonstrate that
Cocoon ecotechnology is working well, improving survival ratios and physiological state of the
seedlings, despite its efficacy depends on the species and the environmental conditions of the site.
Moreover, Cocoon is acting as refuge for some insects and could favor the growing of some
commercially interesting fungi. In general, the perception of the agricultural and forestry owners,
and the administrations involved, is very positive.
Keywords: COCOON system
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Soil erosion in endangered chestnut tree farms of rural areas
(Navezuelas, Cáceres, Spain)
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The municipality of Navezuelas (Cáceres, Spain) is regionally known for the cultivation of
chestnut trees on steep slopes, which form a landscape of bocage dominated by small farms
(family property). Nowadays, this traditional system is endangered, on one hand, as consequence
of ageing, depopulation and land abandonment, and on the other hand, due to the reduction of
rainfall, tree diseases and changes in land management that are provoking land degradation
processes little studied so far. Soil erosion is probably the most important process since farmers
need to keep large patches of bare soil (particularly beneath the trees) in autumn in order to
facilitate the collection of chestnuts from the ground. Therefore, the main goal of this research was
to study soil erosion in chestnut tree farms aimed at verifying whether it is a remarkable process.
To achieve this goal, 18 erosion plots (?2 m2 in size) were installed to quantify soil and water
losses in paired plots (open vs. tree) within a farm of 5 ha with chestnut trees planted in different
times (1960s vs. 1990s). Total rainfall per event, runoff coefficient, the percentage of bare soil and
tree cover and the concentration of sediments were quantified after each significant event in each
plot during the whole hydrologic year 2017/2018. The results showed average values of bare soil
above 50% during the harvesting (October-November) and above 40% in winter when sheep were
introduced to eat the remains of the harvest. Tree cover followed a natural cycle of deciduous trees
excepting an occasional pruning. Regarding soil erosion the highest rates were observed in open
spaces within the part of the farm with younger trees (av. 57.1 g m-2 yr-1, range: 35.6 – 87.3 g m-2
yr-2) and the lowest one beneath the trees within the part with older trees (av. 3.4 g m-2 yr-2, range:
0.4-22.7 g m-2 yr-2). In fact, the highest single valued quantified was 67.2 g m-2 in an event of 37.5
l m-2 in October (?100% bare soil). Obviously, these erosion rates were positively correlated with
the runoff coefficient (r: 0.755, p<0.001) that averaged 8.5% in the open spaces near the youngest
trees. Our findings suggest soil erosion is not a problematic process yet in Navezuelas and confirm
the protector effect of trees avoiding soil erosion. Nevertheless, they are only preliminary results
measured during a relative dry year (626.9 l m-2, ?60% out of a normal year).
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Soil erosion on mountain trails in Eastern Iberian Peninsula
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A review on trail erosion shows that soil erosion rates are one to three orders of magnitude higher
than the ones recommended as sustainable. This is threatening the sustainable managements of
mountain terrains, mainly in the popular hiking paths. The warm temperatures characterize Eastern
Spain in winter, which results in visitors from northern Europe to walk in the coastal land
mountainous terrain. This increases the pressure to the currently highly visited most popular paths.
We selected representative transects of the trails of Serra de Bérnia, Puigcampana, Penyagolosa,
Montcabré, Serra del Sit, Aitana, Les tres creus, Caroig, Cupurutxo and Circ de la Safor. All the
selected study sites have Limestone parent material, and a scrubland as vegetation cover and the
selected slope angle ranged in average between 5 and 10 %. The surveys showed that soil erosion
rates measured with a topographical method range from 13 till 450 Mg ha-1 y-1. There is a clear
relation between the number of users and the damage done on the trails; and we found that short
cuts are the areas that contribute with fresh sediment. Rock outcrops are found in 34 % of the
measured trail sections and this is a good example how the complete soil can be lost as a
consequence of recreational activities.
Keywords: soil erosion, mountain trails, land degradation, measurements, Iberian Peninsula
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Payments for watershed services - European best practice
examples of flood risk management
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Watershed Services can be considered as “the benefits to people produced by terrestrial ecosystem
effects on freshwater, with four broad categories: supporting provisioning, regulating and
cultural.” Most of them are not marketed and accrue to the recipients as public goods. In most of
cases this means, that although people value them, no one person has an incentive to pay to
maintain the good. Possible solutions include applying regulations to enforce their provision or
developing incentive mechanisms, which encourage woodland owners to provide them. We speak
about Payments for Ecosystem Services (PES) mechanisms that can take three basic schemes: (i)
public or government-financed PES, (ii) private or user-financed PES, and (iii) public-private
schemes. Globally, the largest ecosystem service market form Payments for Watershed Services
(PWS). Driven by the negative impacts of climate change and economic development for water
quantity and quality provision, hydrological services are assuming a leading priority among forest
and agriculture-based ecosystems. Indeed, afforestation and sustainable agriculture tend to be
among the most rewarded management practices under contracts aiming to achieve additionally in
upstream water storage, water quality protection and flood risk mitigation. Accordingly, the
research to date has tended to focus mainly on analysing case studies from developing countries
and US rather than Europe. Therefore, the main aim of the study is to give a general overlook on
selected best practice examples of from Europe focused on reduce flood risks, prevent soil erosion
and other serious natural hazards with special intention on forest land. Special attention is lead to
the detection and description of common features of these mechanisms, and at the same time to
find out what works in practice, and how it could be replicated. The results pointed out, that
although PES is seen as a market-based tool, most existing PWS in Europe basically depend on
public bodies that that play a role of intermediaries. Only a few \"core\" PES schemes are applied
in Europe, that usually have a mixed public-private character. European PWS are thus best
described as \"PES-like\" schemes implemented by public entities, often acting in a rather complex
institutional framework. This paper was financially supported by COST action CA16209 Natual
Flood Retention of Private Land (http://www.land4flood.eu/) through ITC Conference Grant.
Keywords: best practice examples, ecosystem services, flood risk, natural hazards, payments for
ecosystem services
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Soil contamination by pharmaceutical pollutants : adsorption
of an antibiotic (amoxicillin) on an agricultural land.
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Antibiotics are prescribed in human and veterinary medicine for the treatment of infectious
diseases. They are also widely used for animal farming, aquaculture and agriculture. Antibiotics
are not fully absorbed and metabolised and are therefore, often excreted unmodified. As sewage
plants are not equipped to remove these drugs from wastewater, antibiotics may be discharged into
the environment and reach the soil in many ways. Pharmaceutical industry, hospital and municipal
wastewater containing antibiotics may be used for irrigation and animal manure, sewage sludge
and biosolids are frequently used as fertilizers for agricultural lands. This allows antibiotics to
contaminate soil, ground water and the entire food chain. The major concern about antibiotics in
the environment is their contribution to the resistance development in human and animal
pathogens that can lead to a serious threat to human health. There are several procedures that
determine the fate of antibiotics in soil such as: transport, leaching, plant uptake,
photodegradation, biodegradation and adsorption. The adsorption of these drugs onto the soil
depend on its physico-chemical characteristics (CEC, pH, permeability, iron oxide content, etc.),
texture, organic matter and climate conditions. However, the assessment of the literature shows
that more studies need to be carried out on the occurrence, fate and risks associated with
antibiotics in soil. For this purpose, the adsorption of an antibiotic widely used in human and
veterinary medicine (amoxicillin) on an agricultural soil has been studied. This experimental study
has been carried out in order to investigate the influence of several parameters : the contact time,
the initial antibiotic concentration, the pH and the temperature on the contamination risk of soil by
adsorption. These experiments showed that adsorption of amoxicillin on soil is rapid. For a
liquid/solid ratio of 10 L/kg and an initial antibiotic concentration of 10 ppm, the adsorption
equilibrium is reached within 20 minutes and the maximum amount of amoxicillin adsorbed is of
23 mg/kg. The adsorption kinetics is well described by the pseudo-first order model and exhibits a
three-stage intra-particle diffusion mode. The adsorption capacity of soil increases with the initial
antibiotic concentration (from 10 to 100 ppm) and the relative adsorption isotherm (type II) is in
accordance with the GAB model. The adsorption of amoxicillin is improved in acidic medium.
The thermodynamic study shows that the adsorption of amoxicillin on soil is a physical process.
The overall study shows that amoxicillin is a potential contaminant for soil.
Keywords: Soil contamination, pharmaceutical pollutants, adsorption, risk assessment
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Increasing population and expansion of urban areas are often associated with degradation of
aquatic ecosystems. Although water quality is a major concern for worldwide authorities, several
emerging contaminants can threaten long term status of aquatic ecosystems and human health. UV
filters are widely used in industrial products such as plastics, paints and coatings, to enhance their
photo protective properties. Personal care products, such as shampoos, body creams, make-up and
sunscreens, used in humans’ daily routine, also comprise a wide variety of chemicals, such as
organic UV filters and parabens. Some UV filters are persistent, bioaccumulative and toxic.
Parabens prevent bacterial growth and extend products’ shelf-lives, but they can have endocrine
disruption properties. Wastewater is a potential vehicle of UV filters and parabens to the aquatic
ecosystems, where they tend to accumulate in suspended sediments.
This study investigates the presence of organic UV filters and parabens in Ribeira dos Covões periurban catchment, in central mainland Portugal. The catchment has been deeply urbanized over the
last decades, due to its proximity to Coimbra city center. Urban areas cover 40% of the catchment
land-use and include several health services, such as a hospital, and a relatively large
pharmaceutical company. Wastewater is piped and transported into a treatment plant (WWTP)
located outside the catchment. The sewer system, however, is sometimes subject to failure, leading
to leakages which affect local streams. In September 2018, fluvial sediment samples (0-3 cm
depth) were collected in 10 sites across Ribeira dos Covões stream network. The freeze-dried
sediment samples were extracted using an accelerated solvent extractor (ASE-350, DIONEX,
Germany) method, and analysed for 17 UV filters, 5 parabens and 2 synthetic musks, using an
Agilent UHPLC-MS/MS system operating with dopant-assisted atmospheric pressure
photoionization (DA-APPI). The results show the presence of methylparaben (10.3 ng/g dw) at the
catchment outlet. UV filters were found in sediments from several sites in Ribeira dos Covões.
Compounds revealing highest concentrations were octocrylene, quantified in 8 of the 10 sampling
sites and reaching 286.3 ng/g dw, and ethylhexyltriazone, quantified in half of the monitored sites
in concentrations up to 67.7 ng/g dw. The largest number of compounds and with highest
concentrations, were recorded in two stream sections that received wastewater, based on reports
from local citizens about sewer pipe leakages. Wastewater contamination can represent a major
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problem for the good status of aquatic ecosystems in urban environments.
Keywords: UV filters, parabens, sediments, peri-urban catchment
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SUSTAINABLE DEVELOPMENT GOAL IN USING
OCEAN CURRENT AS A RENEWABLE RESOURCE
Levent Yilmaz Yilmaz
Nisantasi University

A meteorologist or climatologist analyses and explains the mechanisms responsible for the
distribution of precipitation, as well as forecasting precipitation, with interest ceasing when
precipitation reaches ground. An example of the difference between hydrologists and
climatologists is how they view droughts. Climatologists consider droughts to be periods with
below than average rainfall, while hydrologists are concerned with how below average rainfall
impacts on the hydrological system, such as shortages in surface or subsurface water supply,
reduced soil moisture, low reservoir levels.
In this research it is established fractal dimension with a classification system of wave phenome
induced by wind that characterize atmospheric conditions, specifically those related to winter extra
tropical storms and fair weather. Numerous classification schemes have been proposed to
categorize atmospheric conditions in a variety of environments-however, since meteorological
processes are inherently complicated, these are of necessity based on criteria that suit a particular
purpose.

Keywords: environment, sustainability, goal, ocean current
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Road effect on lead content in sandy soil
Pariente Sarah, Helena Zhevelev, Eyal Sachs and Anatoly G. Fragin
Laboratory of and Soil and Geomorphology, Department of Geography and Environment, BarIlan University, Ramat-Gan, Israel

The effect of traffic on the spatial distribution of lead in the soil at roadsides and traffic islands
was investigated along a road in Rishon LeZion, Israel. The road comprised two segments: old and
new, which were used for traffic since 1980 and 2004, respectively. Soil samples were collected
from the upper 0–2 cm soil layer in the roadsides at various distances from the road, and from
beneath and between shrubs on the traffic islands. The soil sampling was conducted in 2007 — a
few years after the implementation of lead-free fuel — and in 2012. For each soil sample, lead
concentration and soil properties associated with lead adsorption (soil organic matter and soil
texture) were determined. The amounts of lead near the old segment were higher than those near
the new one. In both sampling years, the lead concentrations at the sides of both road segments
were far below the maximum permissible levels for urban and agricultural areas. However, some
of the sampling points in the traffic islands of the old road showed lead contamination. Small, nonsignificant differences in soil lead levels were found at differing distances from the road. Leadconcentration depletion rates of about 1-7 mg kg-1 y-1 were indicated. Within the traffic islands, the
samples collected beneath shrubs contained higher lead concentrations than those collected
between shrubs. Soil organic matter levels of less than 1.5% did not affect the lead concentrations,
whereas those above 1.5% showed a strong positive correlation.
Keywords: soil lead; traffic islands; shrub; organic matter; soil pollution
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Potential impacts of agroforestry on controlling soil
degradation by water erosion in the agricultural lands of
foothills North-West of Dahra (Mostaganem, Algeria).
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Located in the North-West of Algeria, the foothills of Dahra are affected by the problems of water
erosion where agricultural soils are under severe degradation due to the mismatch influence
between a semi-arid climate and the prevailing cropping systems presenting a threat to sustainable
rural development in the region. After a survey on the field, a localization and prioritization of
different agroforestry systems (AFS) practiced, an overview bioclimatic and physico-chemical
analyzes of soil has been made for comparison between systems. The results show that in the
absence of systems with consistent vegetation cover, the foothills soils located on slopes even
weak undergoing a harmful human activities have become the prey of rainwater. Given that it
doesn't exist at agricultural exploitations level a miracle system for the development and the soils
and water management, the association of trees with crops (AFS) allowed in certain situations to
improve soils protection, their humidity, their fertility and the socioeconomic situation of farmers.
As well, the analysis of statements on the tree resource of agricultural exploitations we has
allowed to assess the agroforestry systems efficiency awaited, considering their inappropriate
management. As the fight against water erosion is only an aspect of soils and water conservation,
the agroforestry considered in its largest sense must contain at the same time, the control of water
erosion by a permanent plant cover, the maintaining soils fertility and the biodiversity to ensure a
sustainable foothills agriculture which depends on the maintenance of rural populations.
Keywords: Agroforestry, foothills, water Erosion, semi-arid, Dahra
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Assessing soil crack dynamics and water evaporation during
dryings of agricultural soil from reduced tillage and
conventional tillage fields
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Crack formation and development have been a general concern in agricultural science. Cracks
contribute to soil aeration, aggregate formation, and easy root penetration. However, cracks
accelerated soil desiccation, allowed deep infiltration of pesticides/pollutants through preferential
flow, and polluted the shallow water-table in Belgium. Cracks were mostly studied in pure clay or
in high clay content soil (Vertisol). Yet in Wallonia, cracks were also present on silt-loam soil
(Luvisol). This study tried to cover this gap by analysing crack dynamics and evaporation process,
during drying kinetics of the Luvisol. Soils were collected right from the agricultural field and
processed on a small drying chamber in which evaporation test was taking place. Ceramic-IRemitter heated the chamber while sensors (DHT22) measured the temperature and relative
humidity. Digital camera took photos of the soil surface at 30min interval. Balance and
tensiometer were linked to datalogger (CR800), and recorded the soil hydraulic properties
(evaporation rate etc.). Cracks were assessed from small samples (~5 cm x 1cm thick) and big
samples (~20 cm size x 1.6 cm thick). Three treatments were considered including: disturbed soil,
conventional tillage and reduced tillage. For big samples, results showed higher cracks formation
on disturbed soil > reduced-tillage > conventional-tillage due to loose of soil cohesion, soil organic
content, soil aggregation, biological activities, and soil porosity. The soil evaporation rate was also
greater in disturbed soil > reduced-tillage > conventional tillage. Cracks opening exposed
profound-soil-water to the atmosphere without passing through the soil matrix. For small samples,
the repetitive drying experiments increased cracks length/width, especially for the dense samples.
The result indicated the presence of pre-installing (or micro)cracks in the soil samples. Future
study is needed to assess the presence of pre-(micro)-cracks in soil using X-ray microtomography.
Keywords: Soil cracks, drying kinetic, evaporation, reduced tillage, conventional tillage
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Raindrop influence on the soil surface
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Soil erosion through various water processes is worldwide problem. This research is focused on
the raindrop impact on soil surface which is generally considered as the initial stage of the erosion
process. Splash erosion monitoring was conducted across three experimental sites: Petzenkirchen
and Mistlebach (Austria) and Prague (Czech Republic). At each site the rainfall characteristics
(intensity and kinetic energy) were measured by rain gauges and disdrometers and the impacts on
soils (soil loss, soil surface consolidation, changes in soil surface roughness) were evaluated.
Several disturbed soil samples with area of 78.5 cm2 were placed into splashcups prior to each
event. The splash cup collects the soil particles that are splashed out of the sample area when a
raindrop hits the soil surface. The collected sediment suspension is processed in laboratory after
each event to determine the lost soil mass. Ground photogrammetry was utilized to determine the
surface consolidation of a sample caused by given rainfall event. Results for more then 500 soil
samples are included in this study. Relationships between kinetic energy, rainfall intensity, soil
loss and consolidation were evaluated. Acknowledgements This research has been carried out
within the framework of projects SGS17/173/OHK1/3T/11 and GA17-33751L.
Keywords: rainfall, kinetic energy, soil loss, splash erosion
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Seasonal Variation of Soil Properties and Characteristics in
Water Repellent Technosols
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Relationships between soil properties and characteristics of water repellent Technosols containing
Pliocene clays, coal and ash from Maritsa-East lignite coal basin in Bulgaria, South-East Europe
were studied during the summer period of 2017 and compared with the data from the spring
season. Non-vegetated, pine-afforested and tuff-vegetated spoils were investigated for the depths
of 0-20 cm where water repellency was the highest. The water drop penetration time (WDPT)
varied between 8-11636 s and acidity between pH 3-4. Principle Component Analysis (PCA) and
cluster analysis revealed that four principle components were identified with eigenvalue > 1,
describing 86 % of the total variability. The first component explained 42 % of the total variance
and was loaded by cation exchange capacity (CEC), total organic carbon (TOC), humified organic
carbon (HOC) and sand content. The second component (19.7 %) was loaded by cation exchange
capacity (CEC) and electrical conductivity (EC), the third (14.3 %) by fulvic organic carbon
(FOC), mineral nitrogen (Nmin) and water drop penetration time (WDPT) and the fourth (10 %)
by dissolved organic carbon (DOC) and Nmin. Cluster analysis revealed similar results. Major
cation composition during the summer exhibited a clear decrease in concentration, as compared to
the spring period which correlates with a simultaneous decrease in heavy metal concentrations.
Concentrations of sulfates and chlorides also decreased during the summer period, while those of
phosphates and nitrates slightly increased. The reasons for the lower concentrations of heavy
metals are due to “specific sorption” and lack of enough moisture, although direct correlation
between the summer concentrations of labile metals and WDPTs was not found. During the spring
season higher proportions of metals are ion-exchangeably sorbed due to “non-specific sorption”
and significant correlation between WDPT and labile concentrations was established. Heavy metal
species (Visual Minteq) in the soil solution during the summer season varied in a narrower range
and although the trends and proportions between them did not change significantly, the shares of
established predominant species were lower than those registered during the spring season. The
majority of heavy metal species were represented by more labile free ions (M2+) and neutral
sulfate complexes (MSO4 aq0). The most abundant species were 52.6-55.6 % Zn2+, 52.8-57.8 %
PbSO4(aq), 58.3-60.4 % Co2+, 49.8-52.8 % Cd2+, 56.5-60 % Ni2+, 60.8-63.2 % Mn2+, 53-55.3
% Fe2+, 44-53.4 % Cu2+ and 66.3-69.3 % AlSO4+. Contrary to spring, significant relationship
between DOC and WDPT was not established during summer most probably due to the higher
inertness of soil organic matter. Key words: soil water repellency, Technosol, mine, soil
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How to value the ecosystem services provided by a field?
Parallel between the indicators used by scientists and the
empirical observations of belgian farmers.
1

Lola Leveau, 1Pierre Bertin and 2Hugues Falys

1

Earth & Life Institute, Université catholique de Louvain, Louvain-la-Neuve, 1348, Belgium
Technological and didactic platform \"University Farms of Louvain\", Université catholique de
Louvain, Louvain-la-Neuve, 1348, Belgium
2

When it comes to assessing the agronomic and environmental performances of a cropping system,
collaborative research with real farms can provide a lot of information that is not easily available
when working in experimental plots. For example, this makes it possible to observe the long-term
effects of certain farming practices or to evaluate the impact of the landscape surrounding a plot.
This type of collaborative study involves a specific research methodology, particularly with regard
to the choice of indicators and measurement methods that will be applied to the participants\'
fields. In addition to the traditional criteria of relevance to the research question, scientific rigour
and feasibility, the value that the indicators have for the farmers should be considered (Lebacq et
al., 2013). The value an indicator has for a farmer can be deduced from various criteria: is the
indicator understandable to him? Does he know any reference values that will allow him to
interpret the results? Does he feel able to change the result via his agricultural practices? As part of
a collaborative study on the agro-ecological nature of cropping systems applied by Belgian
farmers, we conducted preliminary interviews with 20 future participating farmers. Our objectives
were to assess the value farmers placed on the indicators usually used by scientists to measure the
ecosystem services provided by a field, and to identify empirical measurement methods used by
farmers to assess their performance on these same indicators. This poster presents, for each
ecosystem service, the indicators usually used by scientists (Boerema et al., 2017) and, in parallel,
the empirical measurement methods developed by farmers. For example, for the \"stability of soil
aggregates\" indicator, some farmers told us they use a simplified test immersing fresh soil blocks
in water, while others observe the soil particle load in water leaving their field after a storm, assess
the amount of soil left under the beet cleaner during the harvest or wait for a heavy rain to walk in
their fields and see how much mud gets stuck to their shoes. These results will serve as a basis in
the continuation of our research for developing measurement methods that combine scientific
rigorousness, proximity to the field and potential of appropriation of the results by participants.
References T. Lebacq, P. Baret, D. Stilmant. 2013, Agron. Sustain. Dev. A. Boerema, J. Rebelo
Alanna, M. Berenguer Bodí, K. J. Esler, P. Meire. 2017, J. Appl. Ecol.
Keywords: Ecosystem services; indicators; farmer; empirical observation

31

TERRAENVISION Abstracts
Vol. 1, TNV2019-LD-2139, 2019
© Author(s) 2019. CC Attribution 3.0 License

The challenge in increasing water and soil resources resilience
by landscape restoration: examples from southern Ethiopia
and Iceland.
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Soil degradation and subsequent soil erosion is a major threat to vital ecosystem services, to food
production and finally to human societies. This threat is particularly imminent in subarctic Iceland
and tropical Ethiopia. Both countries underwent large-scale deforestation in the past. Especially in
Ethiopia, the demand for wood for cooking, heating, and construction is still high, inducing
deforestation. On the other hand, Iceland solved the need for wood for energy purposes by
utilization of geothermal energy. Deforestation, overgrazing, and specific climatic conditions
resulted in a high rate of soil erosion in both countries. In this study, the effectivity of restoration
efforts is mapped in selected areas in Iceland and Ethiopia. The soil-water conservation (SWC)
measures mapping was conducted in Sidama zone and Halaba special district of southern Ethiopia;
and Thorlákshöfn, a municipality in southern Iceland. The Ethiopian study area is located in the
Main Ethiopian rift valley. The Icelandic study area is in the Mid-Atlantic Rift. Degraded areas
and applied SWC were GPS mapped in the field. The erosion agents in both countries are
dominated by water erosion. Besides, Iceland has a high rate of soil loss due to strong wind
erosion. In order to mitigate erosion, numerous SWC actions were implemented in both countries.
In Ethiopia, indigenous SWC techniques were applied back to 400 BC, while the governmentdriven activities started after 1970. In Icelandic governmental soil reclamation programs started in
1907 by establishing The Soil Conservation Service of Iceland (SCSI). Usually, all the reclamation
programs action consists of closing of reclaimed area for livestock and people so that natural
regeneration accompanied by additional measures such as planting seedlings can take place. In
Ethiopia, such an area is called ‘Area Closure’. The land is owned by the community. The common
problem in restoration of Closure Areas lies in not respecting the watershed divide. Hence, the
approach to land degradation lacks a systematic approach covering the entire watershed. Another
issue is the construction of the road and path network, which in many cases acts as ways of
concentrate surface runoff. Degraded paths are frequently abandoned, and new paths are
constructed. The main difference in Iceland from the Ethiopia case is land ownership, which is
private in most cases. The land restoration began 50 years ago by sowing grass. Today the land is
slowly reforested. Nevertheless, the main bottleneck is the lack of systematic planning in
reforestation of this area.
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Contribution of ecosystem services to achievement of the
sustainable development goals
Kristina Veidemane
Baltic Environmental Forum - Latvia

The sustainable development goals (SDGs) for 2030 are established to address global challenges
including environment and human well-being. The SDGs are interconnected and achievement of
them requires consideration of the planet’s ecosystems and resources - land, water and air.
Ecosystem services (ES) approach has a high potential for better planning, policy and decision
making. Understanding how different ecosystems (e.g., forests, rivers, wetlands, grasslands)
contribute to the social and economic benefits is critical to ensure the long-term biodiversity
protection and sustainable use of ecosystems.
A conceptual framework linking biodiversity and ecosystem condition (its structure and
functions), and ES to human well-being has been well-established in EU by so called MAES
process (Mapping and Assessment of Ecosystem Services) lead by the European Commission. The
framework is applied in recent research studies and projects, as well as national MAES processes.
Various methods are applied for MAES in terms to determine biophysical, economic and social
values and to deliver integrated ecosystem assessment. Assessment of ES and trade off analysis
shall provide a new perspective for land use planning and decision making at different
administrative and spatial levels and in different sectoral policies. EU and national policies for
instance on agriculture, fishery, forestry, climate should account the benefits provided by relevant
ecosystems and to ensure that the values are not diminished but rather enhanced during the
implementation of the policies.
Terrestrial and water ecosystems are interconnected as land-based human activities creates
pressure that impacts the conditions in water ecosystems and thus delivery of ES by rivers and
lakes. For example, intensive agricultural land use produces food for people and income; however,
the activity also most frequently causes problems with water quality and quantity in the catchment
area and a loss of biodiversity. A risk of such trade-off shall be handled in policy development.
Ecosystems also contributes to the resilience of communities by reducing the risk of natural
hazards and mitigate adverse impacts. Regulating services such as flood control are substituting
investments in flood protection ensured by forests, wetlands and grasslands instead of human built
infrastructure. Appropriate land cover and land use shall serve as a basic flood protection measure.
Natural processes are increasingly recognised to create new-type solutions that use and deploy the
properties of natural ecosystems and their services in a “engineered" way. A wide range of
measures called also as nature-based solutions provide another opportunity to work with nature
towards global sustainability.
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Impacts of wildfires on hydrological ecosystem services
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Forest and natural landscapes are usually considered to provide increased hydrological services
over agriculture due to increased vegetation cover. Vegetation is expected to protect soils against
erosion, regulate floods by holding more water in leaves and soils, and regulate floods due to less
sediment yield and no fertilization. Afforestation is therefore used to control floods and prevent
soil degradation, and water supplies are usually taken from forested watersheds. In the second half
of the XXth century, agricultural abandonment in the northern rim of the Mediterranean led to
extensive afforestation and renaturalization, and Mediterranean landscapes are now assumed to
provide more hydrological services than before.
However, Mediterranean forests are also prone to wildfires, which destroy the vegetation cover,
changes soil properties to retain less water, and create a highly mobile ash layer which can
contaminate streams. These impacts temporarily negate the hydrological ecosystem services
forests normally provide; and in regions subjected to frequent and recurring fires, it is possible that
the long-term service provisioning is severely impacted. However, forest management strategies
ranging from emergency post-fire stabilization measures to structural landscape management can
help mitigate these issues and prevent ecosystem service disruptions in fire-prone forests.
This presentation will address this issue from a Mediterranean perspective, starting with an
overview of post-fire impacts and consequences, and presenting results for a humid Mediterranean
fire-prone area.
Keywords:
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How important is the number of points and plot size for
estimating soil erosion in vineyards?
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Some issues remain still unclear in the studies related to soil erosion in vineyards: i) the accuracy
of the measures; ii) the standardization of the procedures; and, iii) the huge amount of viticultural
areas that are not still measured. In this investigation, we will show research in a non-studied
viticultural region using a standard procedure before tested in other vineyards (ISUM -Improved
Stock Unearthing Method-), testing different plot sizes and a number of measures. We will
estimate soil loss rates in the Tierra de Barros (Extremadura, SW Spain) using the graft union of
the vines as a passive biomarker of the soil surface level changes and extra-measures in the interrow areas. For this study case, for the first time, ISUM was applied to three inter-row and four
rows in order to confirm how many points and transects must be measured.
Keywords:
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The use of analysis of weather types to complete the studies of
soil erosion in vineyards and abandoned areas
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This presentation aims to quantify water and soil losses due to rainfall and specific soil
management practices in combination with an analysis of which kind of weather type and rainfall
event is able to cause specific surface flows and soil loss rates. As study area, we used the specific
case of the sloping vineyards of the Montes de Málaga (South Spain). Two different plots were
used: one cultivated area and poorly managed abandoned one. The in situ measures were
conducted using sediment collectors to estimate sediment yield (g m-1) and surface runoff (l m-1)
and an analysis of the weather conditions during each rainfall event using different meteorological
sources. The weather types that generated the highest amount of rainfall on the studied area came
from the western (32.6%) and southeast (28.2%) types. The less rainy weather type came from the
south type (5.9%) and at the 500 hPa level. On the other hand, the heaviest rains came from the
southwest (47.7%) and south (34.1%). As a first approach, it is confirmed that there is a
bimodality in rainfall patterns. The results of soil erosion showed that there is a mixed mechanism
depending on the state of the soil (vegetation cover, compaction, initial soil moisture), soil
management (tillage, trampling effect and the use of herbicides) and the intensity of the surface
flow, which is highly correlated to the total rainfall amount and intensity. In the poorly managed
abandoned vineyard, the impact of the tillage in the past, the elimination of the vegetation cover to
conserve the bare soil and its use as a grazing territory by cultivating barley, highly impacts on the
generation of the highest erosive events.
Keywords: soil erosion, vineyards
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Soil management by cover crops in vineyards for climate
change adaptation
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The wine captures grapes’ variety nature and vinification techniques, but other aspects of soil,
climate and terrain are equally important for the terroir expression as a whole. Soil supplies
moisture, nitrogen and minerals. Particularly nitrogen obtained through mineralization of soil
organic matter and water uptake are crucial for grape yield, berry sugar, anthocyanin and tannin
concentration, hence grape quality and vineyard profitability. Different climatic conditions, which
are predicted for the future, can significantly modify this relationship between vines and soils.
New climatic conditions under global warming predict higher temperatures, erratic and extreme
rainfall events, and drought spells. These circumstances are particularly worrisome for typical thin
soils of the Mediterranean environment. This study reports the effect of permanent grass cover in
vineyards to maintain or increase soil organic matter and soil moisture. The influence of natural
and simulated rainfalls on soils was studied. Comparison between minimum tillage (MT) and
permanent grass cover crop (GC) of the temperate grass Brachypodium distachyon was done.
Water infiltration, water holding capacity, organic carbon sequestration and protection from
extreme events, were considered in a sloping vineyard located in the south of Madrid, Spain. The
MT is the most widely used cultivation method in the area. The tradition supports this
management practice to capture and preserve water in soils. It creates small depressions that
accumulate water and eventually improves water infiltration. This effect was acknowledged in
summer after recent MT cultivation; however, it was only short-lived as surface roughness
declined after rainfalls. Especially, intense rainfall events left the surface of bare soil sealed.
Consequently, the effects depend on the season of the year. In autumn, a rainy season of the year,
MT failed to enhance infiltration. On the contrary, B.distachyon acted as a physical barrier,
produced more infiltration (22% increase) and less particles detachment, due to increased soil
structure stability and soil organic matter (50% increase). The GC efficiently protected soil from
high-intensity events (more than 2 mm min-1). In addition, soil moisture at 35 cm depth was
enhanced with GC (9% more than tillage). In average, soil moisture in GC was not significantly
different from MT. These effects of GC on soil conditions created local micro-environmental
conditions that can be considered advantageous as a climate change adaptation strategy, because
they improved water balance, maintained a sustainable level of soil organic matter, therefore
organic nitrogen, all these factors crucial for improving wine quality.
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Assessment of soil quality in vineyards managed with distinct
agriculture practices
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Increasing worldwide consumption and consequent expansion of vineyards have been raising a
global-scale discussion about their environmental impacts. Land use intensification and the
increasing chemical and pesticides inputs have been the key challenge for a sustainable vineyard
management. Vineyard areas are showing increasing land degradation problems. Since this will
affect long term sustainability, different approaches have been adopted by farmers to minimize
land degradation. In Portugal, vineyard is one of the most relevant crops, extending over 178770
ha, and representing the fourth largest total vineyards area in Europe (PORDATA 2019, OIV
2018). Best management practices have been focus on improving the balance between productivity
and their impact on soil quality. However, knowledge on the impacts of best management
practices on soil quality is still limited. This study aims to assess the impact of different best
management practices used in Portuguese vineyards, on physical and chemical soil properties. The
study focused in four management practices: integrated production, biodynamic, no tillage and
conventional farming. In each vineyard, three plots were established and sampled in April and July
2018 (before and after pesticide application in conventional farming). Soil samples were analyzed
for texture, pH, organic matter content, Kjeldhal nitrogen, boron, total and available phosphorus,
plant available potassium, and heavy metals (Cd, Cr, Pb, Zn and Ni). Preliminary results show
higher content of organic matter and total Kjeldhal nitrogen in vineyards under integrated
production. Biodynamic and no tillage seems to enhanced organic matter content. Biodynamic
management seems to improve plant available phosphorus in vineyards. Higher content of organic
matter, total Kjeldhal nitrogen and plant available phosphorus were found in integrated production
and biodynamic than in the conventional practices. Ongoing results are crucial to better understand
the effects of different agricultural management practices in vineyards, in order to provide
scientific information to support stakeholders on implementing effective management practices to
mitigate land degradation.
Keywords: soil quality, agriculture practices, vineyards
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Modelling soil erosion in Prosecco DOCG vineyards by
simulating different land-management scenarios: toward a
soil footprint of bottled sparkling wine
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Vineyards in Europe are one of the most erosion-prone agricultural lands, especially in
Mediterranean regions, with the highest erosion rates in comparison to other type of land uses.
In the last five years, sparkling wine continued to grow with an annual rate of 7% in value and 6%
in volume, turning the Prosecco brand to one of the most exported wine in the world. Prosecco is
produced in NE Italy by a rate of 400 M bottles per year, with the fastest growing demand in the
global market at present. A production of 90 M bottles year-1 is currently running in the historical
Prosecco DOCG (215 km2), in a steep hilly landscape of Veneto Region (ConeglianoValdobbiadene). To sustain wine production, agricultural intensification is increasing, by resetting of hillslopes and land use changes towards new vineyard plantations. The Prosecco DOCG
vineyards doubled cropping area from some 4,000 ha in 2000 to 8,000 ha in 2018, representing the
50% of all crop production. Moreover, in 2019 the Prosecco DOCG was declared UNESCO World
Heritage site, fuelling the public debate about the environmental sustainability of Prosecco
farming system.
The general aim is to estimate a sort of “soil footprint” for wine production in five simulated
different land-management scenarios by modelling and mapping erosion rate. We selected RUSLE
model to estimate potential soil erosion in t ha?1 year?1, by using high resolution topographic data
(LiDAR), 10 years rainfall data analysis, detailed land use, and local soil characteristics.
Total soil erosion simulated for the conventional scenario is 411,266 t year-1, with an erosion rate
of 19.5 t ha year-1. Modelled soil erosion is mainly clustered on steep slopes, with rates higher
than 40 t ha-1 year-1. In Prosecco vineyards soil erosion modelled was 300,180 t year-1, by a
mean rate of 43.7 t ha-1 year-1, which is 31 times higher than the upper limit of tolerable soil
erosion threshold defined for Europe. In contrast, simulation of different nature-based scenarios
(hedgerows, buffer strips, and grass cover) showed soil erosion could be effectively reduced: a
100% inter-row grass cover showed a reduction of almost 3 times in vineyards (from 43.7 to 14.6 t
ha-1 year-1), saving about 50% of soil in the whole Prosecco DOCG. The soil footprint modelled
for a conventional land-management scenario is about 3.3 kg every bottle produced; in contrast it
would be reduced to 1.1 kg/bottle in the completely green land-management scenario.
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Diversifying steep slope viticulture – towards a sustainable
intensive agrigulture?
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Viticulture is a land use system with a high impact on the environment and the landscape due to
the high input of energy and material for soil and plant management. Reducing the input would
help to reduce both, the environmental and economic costs, and consequently, increase the
sustainability of this crop production.
In Germany, especially in the Mosel area, vineyards are also part of the cultural heritage and
substantial part of the touristic appeal, especially those located on steep slopes and shallow soils
developed on shists. Within the last decades, the economic sustainability of the vineyards and
cellars has been standing on the focus, by applying land consolidation, increasing the use of
machinery and rationalisation of plant protection by e.g. application of products by helicopters.
But the awareness of the consequences of this kind of high intensive viticulture has also lead to
changes in some paradigms, especially regarding soil protection: greening of the lane and selective
traffic of machines is becoming more and more widespread, and there is a slowly growing
community of ecological wine cellars. Here, a careful management of the vegetation within the
traffic lanes, and recently the implementation of plants underneath the grapevines is meant to
increase soil quality and to reduce the risk of erosion.
Here, we will present the concept developed within the H2020 project Diverfarming, where
aromatic herbs (Thymus vulagris, Origanum vulgare) have been planted. The purpose is to
suppress the growth of plants fostering diseases, to reduce there the disturbance of the soil and
thus, to increase soil quality as well as to stabilize it against soil erosion. A holistic approach is
adopted, as the analysis and monitoring covers plant growth, soil parameters up to product quality
and a value chain analysis.

Keywords: Diversification, viticulture, erosion, value-chain analysis
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The Impact of Crop Diversification on Grapevine Growth
and Quality
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The aim of this study was to assess the influence of intercropped Origanum vulgare (Oregano) and
Thymus vulgaris (Thyme) under organic wine farming conditions in steep sloping vineyards. Crop
production parameters were observed and establishment methods were tested. Wine yield and
quality parameters were investigated.
Tendril length measurements show a uniform plant development throughout treatments. As a
result of heavy rainfall on June 1st and summer-drought, some damage to the herb-plantings was
visible. Re-planting was needed for Oregano (12% of plants) and Thyme (29%) to recover the
stands. Development of aromatic herbs was better in single stand compared to intercrop plantings
during establishment year 2018. Variation in soils (less rock fragments), field preparation (deeper
cultivation in single stand) and fewer competition (water/nutrients) can be an explanation for
differences. Vine yield in 2018 was sufficient for site conditions (average 7536 kg/ha). Wine in
rows with Thyme showed lower number of grapes per wine-plant and yield. All treatments showed
good crop quality in terms of fungus-diseases. Crop quality was tested on selected wine-plants.
The parameters showed similar qualities throughout treatments.
Further development of herbs can cause higher differentiation throughout the next years.
Keywords: dievrsification, plant growth and quality, production quality
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Land management impacts on soil water erosion and loss of
nutrients
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Humans are the driving factor of soil erosion and degradation. Therefore, sustainable land
management practices should be developed and applied. The aim of this study was to determine
land management impacts on soil properties, soil loss and nutrient loss in 3 different treatments;
grass-covered vineyard (GCV), tilled vineyard (TV), and tilled hazelnut orchard (HO). The study
area is located in Orahovica, Croatia (45°31’ N, 17°51’ E; elevation 230 m) on ~7 ° slope. The soil
under the study area was classified as a Stagnosol. 8 rainfall simulations (58 mm h-1, during 30
min, over 0.785 m2 plots) were performed at each treatment where the next data were noted:
ponding time, runoff time, and collection of overland flow. Soil samples were taken for
determination of mean weight diameter (MWD), water stable aggregates (WSA), P2O5 content,
and organic matter content. Analyses of sediment revealed concentrations of P2O5 and N. All
three treatments had significantly different values of MWD (GCV 3.30 mm; TV 2.94 mm; HO
2.16 mm), while WSA and organic matter significantly differs between GCV and HO. The
infiltration rate showed no significant difference between treatments. Sediment yield was
significantly the highest at the TV (21.01 g kg-1 runoff), while no significant difference was noted
between GCV (2.91) and HO (6.59). Sediments of GCV treatment showed higher concentrations
of P2O5 and N, compared to TV and HO. Nutrients loss was highest in the TV (450.3 g P2O5
ha-1; 1891.7 g N ha-1) as a result of highest sediment yield, despite the fact GCV had the highest
nutrients concentrations. Results indicate that land management (and/or tillage) affects soil
properties and their stability. Even tough HO was tilled and had the lowest values of organic
matter, WSA, and MWD, measurements were performed immediately after tillage where the plant
residues reduced potential erodibility of the soil. Such results reveal that tillage should be avoided
in vineyard and hazelnut production in order to prevent soil and nutrient losses.
Acknowledgments
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degradation in Croatia" (UIP-2017-05-7834) (SEDCRO).
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Influence of biochar amended Fluvisol on maize yield and soil
microbiota
Maya Benkova, Lyuba Nenova, Tsetska Simeonova, Galina Petkova and Irena Atanassova
ISSAPP N. Poushkarov

Most studies focus on studying biochar as a soil amendment and therefore its effect on crop yields
in different soil - climatic conditions. A three - year\'s field experiment with maize was carried out
on a Fluvisol in the experimental field of Tsalapitsa village (Plovdiv) in the period 2016-2018. The
aim of the present study is to evaluate the impact of biochar on maize yield at different levels of
water stress and simultaneously assess the populations of major groups of soil microorganisms.
The following variants are studied: control - with no biochar addition, and variants with biochar.
The biochar was applied in 200 kg.da-1 in 2016, produced by pyrolysis of rice straw and biochar
was applied in 300 and 1000 kg.da-1 in 2017 and 2018, obtained by pyrolysis of oak bark before
sowing of maize. These variants are divided into three more depending on the irrigation regime:
non-irrigated; irrigation at dT > 0 oC and irrigation at dT < -1 oC, where the dT is temperature
difference between canopy temperature (Tc) and ambient air temperature (Ta). During the
vegetation period the plant water status is measured by infrared thermometer.
It was found that under non-irrigated conditions, the effect of biochar on the yield of maize is not
indicated during three years. It has been shown that under irrigated conditions, when water
addition is according to the water stress of plants, higher yields of maize are obtained in the third
year, when the application of biochar into the soil is at the highest dose (1000 kg.da-1). The yield
is the higher when the faster (at lower water stress - dT < -1 oC) the irrigation rates are submitted.
There was no effect of the biochar on the contents of the macro elements in maize grain and their
uptake is associated with an increase in yield. Soil moisture is changed slowly in the biochar
variants and the best values of the temperature differences are obtained for irrigation at dT < -1 oC
in 2018. The large adsorbing surface of biochar is the probable reason for the improvement of the
water retention capacity of soil and, respectively, the lower water stress of the plants. The results
showed that the influence of biochar is significant on the soil microflora. The most stimulating
effect of biochar was obtained for the bacterial populations.

Keywords: biochar, maize, crop yield, water regime, nutrient uptake, microbial activity,
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The rangeland (known as Dehesas or Montados) is a characteristic ecosystem of the southwestern
part of Iberian Peninsula, and cover it occupies approximately 3.5 million hectares, representing
the most important agrosilvopastoral system in Europe. Nowadays, the situation of meadows is
changing, being in a situation of threat due to different aspects that are causing degradation of
holm oaks and cork oaks throughout the Iberian Peninsula. These problems are of various kinds,
accentuating the disease or syndrome of the seca. For the development of dry susceptibility
models, maximum entropy algorithms (MAXENT) were used, often widely used in ecological
niche models. In the development of models, a wide range of variables (dependents and
predictive), both climatic or bioclimatic, geological or soil, vegetation and economic and
geographical characteristics were used. The study was done on two scales, the Autonomous
Community of Extremadura in its entirety, and another more specific work scale such as seca
focus in protected natural areas within Natura 2000 Network. The regional model shows a total of
1,179,639 hectares prone to be affected by this condition, among which, 383,339 hectares show a
high potential risk level of seca presence. The models carried out at local scale in 4 polygons
selected within the Natura 2000 Network show more than 70% of the surface studied as areas with
risk of suffering seca.
Keywords: Phytophthora cinnamomi Rands, species distribution model, Maxent, Seca, Quercus
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Major challenge on Central European steep sloping vineyards (>30°) is weed control underneath
the grapevines. It affects the development of fungal diseases, the soil water availability and
impacts soil sustainability. Mechanical weed control is applied in low-input farming several times
per growing season. This causes the development of bare, disturbed soil underneath the
grapevines, which then is prone to soil erosion.
The aim of this study is to assess the influence of intercropped Origanum vulgare and Thymus
vulgaris under organic wine farming in steep slope vineyards on crop production and soil
physicochemical properties.
Most of the soil erosion in 2018 is from one extreme event. Due to soil tillage, soil erosion
increased after herb planting in rows (compared to monocrop lines). Because of a high drought,
tillage under the herbs in 2018 was particularly intense. This resulted in very high erosion rates.
Due to erosion, SOC is low and the amount of coarse fragments are high under the vines. We
expect a reduction of soil erosion after consolidation of herbs in 2019. Nitrous oxide fluxes are
low, but a peak is measurable during the extreme rain event. Concerning total CU and microbial
biomass treatments cannot be distinguished.

Keywords: vineyard, diversification, soil erosion, ghg emission
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The aim of this study was to assess the effects of i) different management strategies, i.e. organic
and conventional viticulture (LT 5) as well as ii) crop diversification with aromatic plants, i.e.
Thymus vulgaris and Origanum vulgare (CS 9) on soil ecological parameters. A crucial question is
to what extent these parameters respond to long-term organic management (compared to
conventional) and crop diversification (compared to non-diversified, i.e. vine monocrop).
Generally, organic viticulture is characterized by fertilization with compost/manure, permanent
vegetation cover and Cu-based fungicides.
Overall vineyard soil quality as indicated by soil organic carbon and microbial biomass is
relatively high on both sites. Comparably high activities of soil enzymes in CS9 confirm
favourable conditions for soil microbiota indicating that litter decomposition and nutrient cycling
are ensured. Responses to different treatments are only visible in LT5: Soil organic carbon,
microbial biomass, earthworm abundance (although comparably low due to dry conditions in
2018) and earthworm diversity are increased due to long-term organic management. For CS9, we
expect soil parameters to respond as aromatic herbs establish and growth of roots is adequate.

Keywords: vineyard, diversification, soil ecology
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This work evaluates the complementarity between two non-invasive techniques, cuticle
microhistological analysis (CMA) and PCR-capillary electrophoresis (PCR-CE) DNA-based
analysis, for the determination of herbivore diet composition from faecal samples.
CMA is based on the different microanatomic characteristics of the epidermal fragments
remaining in the faeces. PCR-CE technique combines PCR amplification of trnL(UAA) genomic
DNA region with amplicon length determination by capillary electrophoresis being this length
characteristic for each species or taxon. For the study, 37 fresh stool samples were analyzed, 16
from feral goats (Capra hircus) from the Tramuntana range mountain (Mallorca, Baleares) and 11
from Bruna dels Pirineus cattle breed (Bos taurus) from the surrounding of Montserrat range
mountain (Barcelona, Catalunya). All the animals were in free grazing in a Mediterranean pine
habitat, dominated by Aleppo pine (Pinus halepensis).
Results showed that both techniques detect a similar number of plant components in the faeces of
goats and cows. In the case of goats, a positive correlation was obtained between the percentage of
samples in which a particular taxon is detected by CMA and the percentage of samples in which
that taxon is detected by PCR-CE. This correlation was not observed in the case of cows.
It is concluded that PCR-CE is a fast and precise method to detect the different plant components
in the faeces of herbivores. However, it can not be considered as an alternative to CMA but a
complementary method, since both techniques allow to detect some taxons that the other technique
does not detect. In addition, CMA detects the presence of the different taxa in a greater number of
samples and at the same time it allows to obtain quantitative data of plant diet composition. The
species of herbivore also seems to influence the results obtained by PCR-CE, so more studies are
required to address this aspect.

Keywords: Capra hircus, Bos taurus, faecal analysis, CMA, PCR-CE, free grazing.
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The role of fire to achieve the Sustainable Development Goals
of the United Nations
Artemi Cerdà
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Valencia.

The Sustainable Development Goals (SDGs) of the United Nations do not mention Fire as a key
factor to achieve the challenge of a environmental friendly human society. This paper reviews the
key topics of the impact of fire on Earth that makes necessary to update the SDGs. Upon a
scientific literature review it is found that fire has been part of the Earth System for the last 400
Million years and it is then part of the biogeochemical cycles. From a geological perspective, fire
shaped the current Earth System. Humans have used fire in the last million years as huntergatherers, and then the last Pleistocene period evolved with the presence of fire. Since, the
Neolithic revolution, humankind spread the use of fire, and without fire agriculture would not
progress as it did. Fire is still used today as a tool to clear the forest, scrublands and meadows to
establish agriculture fields. To achieve the SDGs we cannot avoid the role of fire in the Earth
System. Fire should be present as it is part of the geological cycle of the Planet; it is part of the
rural culture and plays a key role in the hydrological, erosional and biological cycles. We discuss
the following issues related to fire within the SDGs: i) biota; ii) soil properties; iii) carbon cycle;
iv) sediment and water yield; v) air and water pollution; and vi) risk assessment. We conclude that:
i) fire is part of the flora and fauna diversity; ii) soil properties are temporally changed; iii) carbon
cycle is disturbed but the impact at long-term can result in a reduction in the CO2 atmosphere
content; iv) sediment and water yield is enhanced by the forest fire but only during the window of
disturbance; v) air and water pollution is ephemeral; and vi) the risk for the humans requires a
better planning. Prescribed fires are seeing as part of the solutions, but there is a need to educate
the citizens in the role the fire plays. More research is necessary due to the diversity of the biomass
and the complex history of fires in the Planet. Fire is part of the Earth System and the SDGs
should include fire as a key element in the agenda.
Keywords: Sustainability, Forest Fires, Society, Humans, Nature.
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Spectroscopy and Remote Sensing Techniques to Assess
Active- and Post-Fire Effects
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Fires were once a natural phenomenon that helped to shape species distribution, contributed to the
persistence of fire-dependent species, and assisted the natural evolution of ecosystems. However,
nowadays, most of the forest fires worldwide are not of natural causes. Therefore, wildfires have
received significant attention over the past few decades. Major ecological and policy changes were
stimulated by historical frequency, extent, and severity of fires in the dry forests. These fires are
important at both local to regional scales, as it might change the maintenance of landscape
structure, composition, and function. Moreover, it affects pollutants, impacts air quality and raises
human health risks. Many studies suggested using remote sensing data and techniques to assess
fire characteristics and post-fire effects. Due to its ability to quantify patterns of variation in space
and time, the remote sensing data are especially important to detect active fire extents at local and
regional scales, mapping fuel loading and identify areas with long or problematic natural recovery.
In the past few decades, the advantages of multi-temporal remote sensing techniques to monitor
landscape change in a rapid and cost-effective manner, are reported in the scientific literature.
Many studies focused on the development of techniques to evaluate and quantify fire behavior and
fuel combustion. Yet the main contribution is recorded for spectral indices, e.g. the Normalized
Burn Ratio (NBR), the difference in the Normalized Burn Ratio between pre- and post-fire images
(dNBR), and the Normalized Difference Vegetation Index (NDVI), which are calculated by a
simple combinations of different sensor bands, rely on spectral changes of the burning or burned
surfaces. Numerous papers are focused on more advanced and very detailed spectral models of
fuel and post-fire ash residues, mainly using laboratory spectrometers, e.g. Fourier Transform
Infrared (FTIR). However, many of the developed models are not applicable in the real world. In
the current talk, we will present the most recent studies and scientific activities in the field of 1)
active fire detection and characterization, using mainly hyperspectral ground and airborne
technologies; 2) future space-borne applications on board of nano- and micro-satellites; 3) discuss
the contribution of detailed and precise spectral models for post-fire ecological effects studies; 4)
describe field assessment; 5) discuss management applications and future directions of fire-related
remote sensing research.
Keywords: Spectroscopy, Remote Sensing, Wildfire, Pollution, Ash
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Studies of post-fire soil status in Mediterranean ecosystems are common; however, few have
examined the effects of grazing management after a wildfire on soil physical-chemical properties.
The type of livestock of post-fire management practices after wildfires may have an important
impact on soil properties. The objectives of the livestock are manage the fuel to decrease wildfire
risk, change from a forest land use to grazing and produce incomes with the management by the
sale of cattle products. The aim of this study was to analyze soil properties attributable to the
different grazing post-fire management and to assess the sustainability of these post-fire
management practices in relation to the soil properties. The study area is located in Bruc
municipality in the NE of Spain where 3 samplings were carried out: 1) First sampling (one year
after wildfire, at the beginning of the livestock practice); 2) Second (two years after wildfire, one
year after the beginning of the livestock practice); and 3) Third (three years after wildfire). One
year after a wildfire, just when the livestock started in the burned area, three experimental areas
were designed: A) Cows (where there are 23 cows); B) Goats (where there are 51 goats); and C)
Control (forest burned during wildfire of 2015 and not managed). Each area have an extension of
80 ha and nine samples (0-5 cm depth) were taken for each area. We analyzed: soil water
repellency (SWR), aggregate stability (AS), total nitrogen (TN), soil organic matter (SOM),
inorganic carbon (IC), pH, electrical conductivity (EC), extractable calcium (Ca), magnesium
(Mg), sodium (Na), potassium (K), available phosphorus (P), aluminum (Al), manganese (Mn),
iron (Fe), zinc (Zn), copper (Cu), boron (B), chrome (Cr), silicon (Si) and sulfur (S). Significant
differences were observed in SWR, AS, IC, Na, and Al among samplings and treatments; in SWR,
AS, TN, SOM, IC, pH, EC, Ca, Mg, Na, K, Al, Mn, Si, and S among different treatments; and in
SWR, AS, IC, EC, Na, Al, Si, and C/N among different samplings. The introduction of cows and
goats herds in the burned areas did not alter in a negative way soil properties in any of the sites.
The plot of the cows results in having the most optimal results regarding the quality of the physicalchemical properties with regard to the goats plot and control and on the other hand, it can be
appreciated that temporarily, the values gradually evolve favourably.
Keywords: post-fire management; grazing, soil chemical properties; wildfire risk
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After the fire: The processes of social learning of forest
owners after the great forest fires in Central Catalonia
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Over the last few decades, a small number of fires (less than 1%) have been responsible for the
destruction of more than three quarters of the burnt forest area in Catalonia and this is also the case
for most of the countries that make up the Mediterranean Basin. These wildfires produce the
transformation of the landscape components such as vegetation and soil. Despite this, wildfires
bring to landowners the opportunity to learn about past decisions. This article aims to analyse the
responses (definition of objectives, strategies and actions) of forest owners in central Catalonia
after the great forest fires of the 80s and 90s. Through interviews with associated owners and
participant observation in owner’s meetings, we wish to observe what processes of social learning
have been given to this collective and what mechanisms they use to try to create socio-ecological
structures that are less vulnerable to fire. Associationism, unusual in the world of Catalan forest
ownership despite the great number of private forest areas, seems to be a strategy of cooperation
which has come about from the need to link ecological and social structures in the territory, which
we define as socio-ecological resistance. The main results are that the goals and actions that
associations of owners develop have both an instrumental and emotional component. Reason,
emotion and action are the three vertices of socio-ecological resistance to fire.
Keywords: Wildfires; forest management; forest owners’ associations; social learning; resistant
socio-ecological structure.
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Identifying the Forest Surfaces Prone to Fire Ignition and
Wildfire Spread in Metropolitan Areas; a Comparative Case
from Western Balkans
Artan Hysa
Epoka University

Human activity combined with the dynamics of severe climate conditions are accepted the main
drivers of wildfire events in the Mediterranean region. This fact is urging for further
comprehensive research focusing on the wildland-urban interface (WUI) at metropolitan scale, in
which the tension between the cause and effect of wildfire is the highest. In this context, the study
brings a comparative case between two metropolitan areas from Western Balkan countries, the
forest lands of which are classified by their index of wildfire ignition probability (WIPI) and
wildfire spreading capacity (WSCI). Originally, both indexing methods rely on a multi-criteria
evaluation which considers simultaneously the geophysical, hydrometeorological and
anthropogenic factors of the territory. All stages of the process are performed by utilizing QGIS
software. First, the forest surfaces within the metropolitan zone of Tirana (AL) and Sarajevo (BH)
are extracted from Urban Atlas land cover data being provided as an open source by Copernicus
data portal (EU). Reference points grid (distance of 100m) overlapping with the forest surfaces
serve as pivot points to which the relative values of each criteria are projected. Later the absolute
values are normalized into 10 classes via Jenks natural break method. The class value of each
criterion is introduced into the indexing equation multiplied by the unique impact factor being
weighted via pairwise comparative method in Analytical Hierarchy processing. The majority of
the workflow steps are automated via Graphical Modeler in QGIS utilizing open source spatial
data, giving floor to further applicability of the method to similar cases. As a result, there are
produced statistical and graphical information being useful for identifying wildfire prone forest
surfaces within the metropolitan areas. Being applied into two different study areas, the results
enable a comparative discussion and evaluation at regional scale. By utilizing open source
software and data, this work contributes in the development of practical and re-applicable models
of wildfire risk assessment promoting open access scientific culture. Finally, the study results
successful in testing a rapid and cost free method for identifying the forest areas prone to wildfire
ignition and spreading risk in metropolitan areas in support to disaster risk reduction agendas and
sustainable Development Goals.
Keywords: disaster risk reduction, wildfire ignition probability index, wildfire spreading capacity
index, forest fire, wildland urban interface
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\"FACING UP FIRE\" UNIVERSITY VOLUNTEERING
AGAINST WILDFIRES
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Wildfires are a significant environmental problem in the Iberian Peninsula, where Galicia is one of
the regions most affected by fire. The consequences after wildfires are numerous, including
damage to the natural environment, a loss of habitats, soil degradation and erosion, and harm to
the local population and economy. Faced with these environmental problems, there are many
scientific studies that analyze the consequences of wildfires including its effects on biodiversity,
soil and hydrography and the socioeconomic context. These consequences are reduced by
preventive measures and restoration of burned areas. Some of these measures have recently begun
to be implemented, based on more efficient methodologies to address the treatment of large burned
areas. Despite this abundant scientific documentation, there are few educational documents that
work on this issue. There is a lack of educational material that addresses the negative effects of
forest fires on the environment and rural development and the role that education can play in
combating this environmental problem. Facing to Fire (Plantando cara ó lume) is a volunteer
program of the University of Santiago de Compostela that arises from the need to address the
problem of forest fires from the perspective of environmental education and formation. The project
is made up of university students and professors and collaborating entities from different areas of
knowledge: journalism, biology, education, and forest engineering. This interdisciplinary team is
responsible for developing and disseminating informational and practical materials as well as
conducting field trips. These journeys are planned for two types of recipients: school-aged/youth
populations and forest communities/associations. The activities with these groups are carried out
in natural areas recently affected by wildfires, trying to give greater visibility to this environmental
problem while promoting environmental awareness, and offering resources and tools for further
prevention and restoration. Facing to fire is an initiative that began in 2016 and has experienced
progressive growth since then.
Keywords: University volunteering, environmental education, wildfires, awareness,
environmental problem
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FIRElinks. Fire in the Earth System: Science & Society
Artemi Cerdà
Soil Erosion and Degradation Research Group. Department of Geography, Valencia University

FIRElinks is a EU-spanning network of scientists and practitioners involved in forest fire research
and land management with backgrounds such as fire dynamics, fire risk management, fire effects
on vegetation, fauna, soil and water, and socio-economic, historical, geographical, political
perception and land management approaches. Firelinks connect communities from different
scientific and geographic backgrounds, allowing the discussion of different experiences and the
emergence of new approaches to fire research. The main aim of FIRElinks is to power synergistic
collaborations between European research groups and stakeholders with the objective to synthesise
the existing knowledge and expertise, and to define a concerted research agenda which promotes
an integrated approach to create fire-resilient landscapes, taking into account biological,
biochemical and-physical, but also socio-economic, historical, geographical, sociological,
perception and policy constraints. This is an urgent societal need due to expected further
intensification and geographical spreading of wildfire regimes under Global Change. Firelinks is
composed of 35 European Countries national representants (plus 10 Non EU countries members)
and currently is registered 260 participants. Although based in the collaboration of scientists of
different backgrounds and regions, the main objective is to share with stakeholders from different
origins the past, present and future management of fire in agriculture, forest, scrub and grass lands.
Acknowledgements This abstract was written as a result of the collaboration that was initiated due
to the COST Action \"Fire in the Earth System: Science & Society\" (FIRElinks) CA18135.
Keywords: Fire, Europe, Management, Stakeholders, Sustainability
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A rainfall simulator laboratory approach to determine the
impact of ash depth on runoff generation and soil losses
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Ash cover the forest fire affected soil for some weeks or months and act as a key factor to
determine the soil and water losses. Ash depth is researched here to determine how affect the soil
detachment and the runoff generation. Seventy rainfall simulation experiments on paired 0.50 m2
plots (five plots with 0, 1, 2, 3, 5, 10, 15- and 30-mm ash depth), and repeated one week later)
under thunderstorms of 48 mmh-1 for one hour were carried out under laboratory conditions. In
the first experiment, after the bed of ash was applied, the results show that ash depth determines
the runoff rates as they reduce the discharge from 23.1 % to 13.9 %. The sediment concentration
increased from 23.8 till 38.3 g l-1, and the total soil erosion from 22.9 till 27.6 Mg ha-1 y-1. In the
second experiment after the bed of ash was applied, the results show that runoff discharge was
higher and moved from 43.2 % till 55.33%. The sediment concentration increased from 13.8 till
18.9 g l-1 and the total soil erosion slightly increased from 33.9 till 47.6 Mg ha-1 y-1. This
research confirms that the fresh ash beds contribute to reduce the runoff losses and as deeper is the
ash bed lower is the runoff discharge. However, the ash bed also acts as a source of sediments and
as deep is the ash bed the runoff sediment concentration is higher. The soil erosion increased with
the depth of the ash bed. After the simulated thunderstorms, the soils shown a reduction in their
capacity to hold water due to the crust formation and runoff was enhanced. Sediment
concentration is reduced due to the ash compaction and the final soil erosion rates increased as a
consequence of the larger runoff discharge. This research demonstrates the highly dynamic
response of the ash after the fire due to the wetting and drying processes after the thunderstorms.
Acknowledgements The research leading to these results has received funding from the European
Union Seventh Framework Programme (FP7/2007-2013) under grant agreement n° 603498
(RECARE project), POSTFIRE Project (CGL2013-47862-C2-1 and 2-R) and POSTFIRE_CARE
Project (CGL2016-75178-C2-2-R) sponsored by the Spanish Ministry of Economy and
Competitiveness and AEI/FEDER, UE. This abstract was written as a result of the collaboration
that was initiated due to the COST ActionES1306: Connecting European Connectivity research
and the COST EU action COST Action \"Fire in the Earth System: Science & Society\"
(FIRElinks) CA18135.
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Testing the use of forest soil ?13C shifts as a post-fire index
for soil burn severity estimation
Irene Fernandez and Ana Cabaneiro
IIAG-CSIC

Due to the increasing number and virulence of forest wildfires recently observed around the world,
the establishment of a simple, accurate and reliable index that would correctly evaluate the fire
effects on soil quality as a support for a suitable forest recovery management is becoming
progressively more necessary. This objective is addressed here by using both ?13C isotope ratio
mass spectrometry and traditional solvent fractionation methods (widely used to assess soil
biogenic components or humus fractions) to quantify the temperature-induced changes in soil
chemical and isotopic composition. Soil samples from the upper 5 cm layer of two Cambisols
developed over granite under pine forest in the NW of Spain were heated in an oven under
controlled conditions to attain moderate or intense soil burn severity levels by using two different
temperatures (220 ºC or 350 ºC). Biochemical changes induced by the heating process appreciably
differed according to the intensity of the temperature applied. Multilinear regression modelling not
only showed a significant relationship between soil C isotopic signature shifts (?soil ?13C) with
temperature increases but also revealed other key outcomes: i.e. >96 or >81% of its total variance
can be predicted by changes in lignin or non-humified organic matter, respectively. Indeed, ?soil
?13C explained by itself ?60% of thermal variance, pointing to the aptness of using 13C shifts as a
valid index for soil burn severity estimation in wildfires.
Keywords: forest wildfires intensity, edaphic thermal alteration, soil organic matter 13C-isotopic
signature
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Characterization organic matter in atlantic mineral soils
subjected to different soil burnt severities
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Changes in soil organic matter (SOM) contents and chemistry after wildfire have been
investigated, but information on the influence of heating on the quantification and distribution and
quality of SOM fractions is scarce.
To address this aspect, we sampled three forest soils which had been burnt recently at different soil
burn severities (SBS), intermediate and high SBS.
Fractionation of SOM density fractions (free particulate OM [FLF], occluded particulate OM
[FOF] and mineral-associated OM [HF]) was performed to assess changes in the distribution and
quality of SOM across physical soil fractions. Thermal analyses were applied for the quantification
and the characterization of OM in these fractions, whereas CPMAS13C NMR spectroscopy was
used to determine their compositions.
Atlantic Forest soils, very rich in OM, are characterized by high proportion of LF with respect HF,
reflecting the great input of litter and the moderate decomposition rate. The SOM stock of the
unburnt soils was dominated (60-75 %) by particulate organic matter (LFF) very rich in
thermolabile compounds, such as O-alkyl C and alkyl-C. The heating led to the loss of the three
physical fractions, being proportional to the level of SBS. However, the greatest losses were found
for the FLF (50-70 %), and the lowest for HF (7-10 %). In the three physical fractions the resulting
OM lost most these labile compounds and contained large proportion of aromatic C structures.
Consequently, in the high SBS (300 ºC) the resulting OM was much richer in mineral-associated
OM (40-60 % in the HF) with a high degree of carbonization (63 % of aromaticity; 395- 470 ºC
value of T50 in TGA). Due to the low rate of replenishment of this fraction, the changes in SOM
have important long-term implication for soil structure (a property linked to the LF), but also with
the dynamics on N and P (which are dependent the HF). Due to the low turnover rate this
physically protected OM may be act as a long-term sink for C storage.

Keywords: wildfires, thermal analysis, NMR
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Nature-based solutions in an urban perspective
Johanna Sörensen
Lund University, department of Water Resources Engineering

The traditional engineering approach to manage urban drainage is by combined or separated
sewers. In urban catchments, drainage systems may include different types of storage and
detention facilities to avoid flooding from heavy rainfall. However, during recent decades,
alternative ways to manage floods have evolved since traditional methods often harm the riverine
ecosystems by pollution and erosion and increase the flood risk in the downstream extent of a
catchment. Green spaces are important in urban areas for many different reasons: recreation,
maintenance of biodiversity, city structure, cultural identity, environmental quality of the urban
area, and as biological solutions to technical problems in urban areas. However, plans for urban
green spaces often do not take into consideration the multiple purposes of green spaces and the
relation between urban green spaces and water is only to a limited degree mentioned and discussed
in such plans. Densification has become a dominating urban planning strategy, as many cities
strive to reduce their negative, environmental impact. As a consequence of urban densification, the
need for solid strategies to preserve, build, develop and ideally simultaneously increase the
quantity (area) and quality of green and blue spaces (vegetation and surface water) in urban areas
in a multifunctional manner increases. The combination of climate change adaptation,
densification, pollution, the call for more green spaces, and a need to restore aging sewers, leads to
strong interest in retrofitting of urban areas with nature-based solutions (NBS). Incorporation of
NBS into decision-making and ways to handle integrative and multi-criteria aspects in the legal
and organisational system are still to a great extent not done. The current regime for stormwater
management, through piped drainage, is dominating and many cities face a lack of green spaces.
Introducing more nature-based solutions is faced with barriers that are largely socio-institutional
rather than technical. In this keynote session such barriers, as well as drivers, for wide-spread
implementation of NBS, as well as data management strategies to help the implementation, are
discussed. Based on transition theory, socio-technical transition towards wide-spread
implementation of such measures were examined through interviews with municipal and water
utility officials. Legal, organisational and financial changes are suggested. This keynote session
also discusses urban, pluvial flooding and if NBS can be used as a strategy for resilient flood risk
management. Spatial analyses of flood claims from insurance companies and the water utility
company of Malmö are used to study how NBS impact flood risk.
Keywords: Urban hydrology, pluvial flooding, water management
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Implementation challenges of Nature-based Solutions: The
Way forward?
Lenka Slavíková
JEP University in Ústí nad Labem

The concept of nature-based solutions (NBSs) is widely addressed in the recent research agenda.
The lack of understanding of what it really means in practice resulted in numerous commentaries
(Schanze, 2017, Albert et al. 2017). If asking experts, what particular measures they consider
under this term, very heterogeneous answers are received. However, the declared
transdisciplinarity of the NBS concept indicates that stakeholder understanding of what needs to
be done is needed, too. The contribution is focused on measures relevant for the restoration of
floodplains to reduce the risk of downstream flooding – their types, and implementation barriers as
perceived by experts in numerous European countries. Further, the challenges of privately initiated
NBSs are discussed (Slavíková, Raška, 2019). Under what circumstances do owners of the land
serve as initiators (and funders) of NBSs? What (if any) barriers do they face?
References: Albert, C., Spangenberg, J.H. & Schröter, B. (2017) Nature-based solutions: criteria.
Nature 543 (7645): 315. Schanze, J. (2017) Nature-based solutions in flood risk management –
Buzzword or innovation? Journal of Flood Risk Management 10/3: 281-282. Slavíková, L., Raška,
P. (2019): This is my land! Privately funded natural water retention measures in the Czech
Republic. In Hartmann, T., Slavíková, L., McCarthy, S. (eds.): Nature-Based Flood Risk
Management on Private Land. Springer. DOI: 10.1007/978-3-030-23842-1.
Keywords: nature-based solution, implementation, agricultural land
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Urbanization is a continuous and dynamic process which has a direct impact on ecosystems and
their services provided to human society. Restriction of green areas greatly accentuates urban
ecological risks, having an immediate negative impact on their viability and sustainability, on life
quality and population health. Increasing population density in urban areas leads to an increasing
need for space. Parallel to the tentacular development of urban agglomerations, structure,
architecture and design have changed, at the expense of green spaces. The development of urban
areas in several European Countries (e.g. Romania, Portugal, Sweden, amid substantial
demographic growth, it was made at the expense of green areas. Historical milestones of urban and
peri-urban development are also key milestones in green space strategies, both in terms of
development and conversion into different land-uses. This article investigates the evolution of
green infrastructure in three distinct countries in Europe. In western Romania (Timisoara urban
area and its neighboring peri-urban zones) we investigate the strong correlation with the evolution
of urban development and the strategies developed for improving the life quality. In central
Portugal, we analyze the dynamics of green infrastructures in a peri-urban catchment close to
Coimbra city Centre, driven by long term urbanization. In Sweden (Malmö city), we study the
history of blue-green infrastructures such as sustainable urban drainage over the past two decades
and application of this in the physical planning. We will emphasize the main key milestones in
green space strategies, similitudes and differences between three urban areas located in three
different bio-geographical areas.
Keywords: urbanization, green areas, evolution, development
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Modelling best management practices impact in water
protection areas
Miha Curk, Matjaž Glavan and Marina Pintar
University of Ljubljana, Slovenia

Modelling is a very popular tool to assess the environmental impact of best management practices.
Our case study is located in Slovenia, where the majority of drinking water comes from
groundwater aquifers under alluvial plains. According to EU Water Framework Directive,
groundwater status of several of these is marked as bad, mainly because of nitrate contaminated
groundwater, and despite the fact that a water protection regime was implemented years ago.
Leaching from agriculture, which is quite intensive on these plains, is considered to be a part of
the problem, so an even more effective water protection regime is required. In this study we
implement the SWAT model to assess the effectiveness of different BMP's for water protection on
a vulnerable alluvial plain Krško polje in south-east Slovenia. Several management scenarios are
compared in order to determine which BMP's have the greatest impact on nitrate leaching, and
therefore which BMP's could be used to mitigate the bad groundwater status. We also look into
spatial distribution of water protection measures in the area and discuss the importance of
designation of measures in a way not to inhibit balanced agricultural development.
Keywords:
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Coastal waters are one of the most vulnerable resources that require comprehensive investigation
in space and time. One of the key factors for effective coastal monitoring is the use of remote
sensing technologies. Since the Coastal Zone Color Scanner (CZCS) in 1978, a long list of spaceborne missions had been successfully launched. However, those missions are limited to coastal
waters applications. Despite a large number of missions, the existing systems are still facing
similar challenges as four decades ago. Spatial and spectral data reconstruction and recovery a
high resolution (HR) imagery data from a low resolution (LR) imaging is a challenging task in
many applications. The most promising technique in the field of digital image processing is known
as Super Resolution (SR). Many techniques focus on reconstructing information at the sub-pixel
level and dividing the original LR space into pixels corresponding to the HR space. Other methods
assume that a series of LR images (in time) of a scene scanned from different perspectives (affine)
will provide SR. Alternative methods use different data sources and proper image algorithms. In
most cases, SR methods will perform a learning process in which the system will try to identify the
inherent redundancy in the natural data in order to retrieve HR information from LR based on a
spatial correlation between the original images. The learning process can be significantly efficient
by using the Convolutional Neural Network (CNN). CNN submit to training through a large
dataset that preserves the scene’s characteristics. The flexibility afforded by CNN is learning
nonlinear relationships when reconstructing a spatial characteristic from an LR image to HR
image. The main aim of this study is to identify spectral features related to the coastal water and
inland water variations at different spatial and temporal scale and integrate them with a multi-scale
information system. The main objectives of the study are developing of spatial-temporal-spectral
fusion approach for multi-source data collected from the same geographical site; creating a new
method for single image reconstruction from non-complementary information scene. The proposed
method measures HR given LR by a downscaling process by turning HR into an LR. The
deterministic process calculated using a Gaussian filter and by a photographic-focused distribution
function. The correlation coefficient (at the LR-pixel level) used as an inverse ratio to upscaling.
The proposed architecture is based on a three-convolutional network. In the first stage, the
convolution is directly applied to the LR data, and then another sub-pixel convolution layer is
subtracted to generate SR data from LR data through an upscaling process. This study performed
in two sites, 1) a training site in Israel, 2) a test site in Germany. The training site is shallow
seawaters around Oren River, Israel and the test site is Alfsee inland water in Germany. The
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results in both sites are SR imagery with full Sentinel 2 spectral resolution and spatial resolution of
0.3 m.
Keywords: Coastal waters, Pan-sharpening, UAV, RapidEye
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BalSim, a Mass Balance Model for Pastures
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Animal production systems are increasingly required to co-produce meat products and other
ecosystem services. Sown biodiverse pastures (SBP) were developed in Portugal as an
improvement over semi-natural pastures (SNP). SBP increase yields and animal intake during
grazing, are substantial carbon sinks, and the abundance of legumes in the mixtures provides
plants with a biological source of nitrogen. However, the data available and the data demands of
most models make integrated modelling of these effects difficult. Here, we developed “BalSim”, a
mass balance approach for the estimation of carbon and nitrogen flows and the direct greenhouse
gas (GHG) balance of the two production systems. Results show that, on average, the on-farm
GHG balance is -2.6 and 0.8 t CO2e/ha.yr for SBP and SNP, respectively. Ignoring the effects of
carbon sequestration, and taking into account only non-CO2 emissions, the systems are
responsible for 17.0 and 16.3 kg CO2e/kg live weight.yr. Additionally, we have also developed
“BalSim” for the phosphorus (P) cycle in the same pastures to assess the fate of this nutrient,
normally responsible for eutrophication and contamination of aquifers. The differences in P
fertilization and grasses/legumes productivity in both pastures will determine a different partition
of P in the runoff and immobilization pathways.

Keywords: Livestock production, Extensive meat production, Nutrient cycles, Modelling

80

TERRAENVISION Abstracts
Vol. 1, TNV2019-NBS-2061, 2019
© Author(s) 2019. CC Attribution 3.0 License

The perception of stakeholders to implement Nature Based
Solution for flood protection in the Balkans and in Iceland
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Recent climate change observations and projections reveal an intensification of weather patterns,
leading to severe floods and droughts in most parts of the world. The intensification of weather
patterns could mitigate the effectiveness of flood protection infrastructures such as dams, levees
and flood channels. Numerous studies have highlighted the superior effect of Nature Based
Solutions (NBS) in order to manage and mitigate the hydro-meteorological risk generated by an
intensified water cycle. In particular, Natural Water Retention Measures (NWRM) can prove to be
efficient, sustainable and flexible solutions. NWRMs reduce flood events, mitigate flood damage
and provide biological habitats for the conservation of local flora and fauna. Accordingly, NWRM
should be implemented on a large scale throughout the river basins with the close involvement of
local stakeholders and landowners. For this purpose, we assessed the perception of stakeholders
and landowners of applying NWRM on private properties in four European countries (Iceland,
Serbia, Bosnia-Herzegovina, and Slovenia). Country-specific semi-quantitative questionnaires
were created for representative watersheds in all four countries. The questionnaires took into
account that floods are characterized by the country-specific precipitation, topography of the
terrain and the nature of the watercourse. Therefore different NWRMs were recommended
between the countries. Based on the preliminary analysis, we have concluded similar outcomes for
all four states: Landowners want to cooperate with local communities and governments in order to
adopt flood protection measures. They pointed to NWRM as equally important as an engineeringbased solution, but they are not particularly willing to implement NWRM on their private lands.
Landowners indicate that the government should have at least a 75% share in financing flood
protection measures. The similarities of the results in the four countries reveal that a Pan-European
perception might be generated by conducting similar surveys in other European countries.
Keywords: Nature-based solutions, flood, drought, land management, stakeholder
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Effects of vineyard inter-row management on soils, roots and
shallow landslides probability in the Apennines, Lombardy,
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Cultivation of grapevines in sloping soils is very widespread all over the world, representing also a
fundamental branch of the local economy of several hilly zones. Vineyards can be managed in
different ways especially the inter-rows. These management practices may influence deeply soil
properties and grapevine root development. Therefore, this work aims to analyze the effects of
different agronomical practices of inter-rows on soil properties, grapevine root systems and
proneness towards shallow landslides. We focused on traditional agricultural techniques of tillage
and permanent grass cover as well as the alternation of these two practices between adjacent interrows. The studied parameters were: i) soil physical and hydrological properties; ii) soil
biodiversity; iii) root density; iv) root mechanical properties and root reinforcement; v) probability
of occurrence of shallow landslides. The research was conducted in several test-sites of the Oltrepò
Pavese (Lombardy region, north-western Italy), one of the most important Italian zones for wine
production in northern Italian Apennines. Among the examined soil properties, soil hydraulic
conductivity was the most influenced one by different soil management practices. The absence of
soil tillage allowed to increase superficial (first 0.2 m of soil) hydraulic conductivity, as a
consequence of higher macroporosity and amount in organic matter. Within the soil biological
features, soil microarthropod communities showed more complexity where permanent grass cover
or alternation management of the inter-rows were applied. Regarding the features of the grapevine
root system, vineyards with alternation management of inter-rows had the highest root density and
the strongest root reinforcement, of up to 45% in comparison to permanent grass cover, and up to
67-73% in comparison to tilled vineyards. As a consequence, slopes with medium steepness
(10-18°) were unstable if inter-rows of vineyards were tilled, while vineyards with permanent
grass cover or alternation in the inter rows promoted the stability of slopes with higher steepness
(> 21-25° for vineyards with permanent grass cover in the inter rows, 28-33° for vineyards with
alternation). The results of this study yielded important information to establish effective
management practices of vineyards such as conserving organic matter and reducing slope
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instabilities by a better development of the root apparatus. Possible land use managements acting
as mitigation measures for shallow landslides susceptibility could be also implemented. This work
was supported by the project Oltrepò BioDiverso, funded by Fondazione Cariplo in the frame of
AttivAree Program.
Keywords: vineyard; soil; root; shallow landslides; land management
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ENVIRONMENTAL LAND USE CONFLICTS FROM THE
POINT OF VIEW OF SOIL COMPONENTS AND FLOODS
IN THE METROPOLITAN AREA OF TIMISOARA
1

Anca-Maria MOSCOVICI, 1Carmen GRECEA, 2Adia GROZAV, 3Oana BANESCU and 1ClaraBeatrice VILCEANU

1

Politehnica University Timisoara, Department of Overland Communication Ways, Foundation
and Cadastral Survey, Ioan Curea Street No. 1, Timisoara, Romania
2
Politehnica University Timisoara, Hydrotechnical Engineering Department, Spiru Haret Street
No. 1A, Timisoara, Romania
3
Politehnica University Timisoara, Faculty of Architecture and City Planning, Traian Lalescu
Street , NO 2/A, Timisoara, Romania

In the context of the development of metropolitan areas, the strategic spatial planning tool that
correlates spatial development of the localities and their periurban / metropolitan area is essential.
Therefore, a special attention should be taken into account to the urban planning policies and to
the local development and it must take into account European directives, national legislation and
in this case the works masterplan development of Timisoara. Timisoara is the most dynamic city in
western Romania, both economically and demographically. The study for this work was carried
out in the metropolitan area of Timisoara, studying the way of using the natural lands in the
environment according to the urbanism policies, the soil component and the areas that may be
subject to possible floods. Data obtained for this study has been processed in a GIS, so spatial
analysis can lead to urbanistic recommendations. The use and occupation of land for the develop
of a locality is essentially conditioned by soil characteristics, combined with soil conservation
strategies, to which we have added another component, that of floods. Floods are considered as a
severe natural hazard and the coverage of their damage is not measurable. Using GIS, it is possible
to collect, store, analyse, manipulate and model a large amount of data, and GIS-generated maps
combining the three areas: urbanism, soils and floods can help local authorities to make the right
decisions and actions for the convenience of the citizens.
Keywords: GIS, natural land, floods, soil
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Water erosion affects all types of soils around the world at different intensities. However, in the
tropics, water-based processes are the most important of the erosion processes and have received
much attention in the last decades. Understanding and quantifying the processes involved in each
type of water erosion (sheet, rill and gully erosion) is key to developing and managing soil
conservation and erosion mitigation strategies. This study aims to investigate the efficiency of
unmanned aerial vehicle (UAV) structure-from-motion (SfM) photogrammetry for soil erosion
assessment, as well as to address some gaps in our understanding of the evolution of erosive
processes. For the first time, we used a UAV-SfM technique to evaluate the relative contribution
of different types of erosion (sheet, rill and gully sidewall) in gully development. This was
possible due to the millimetric level of precision of the point clouds produced, which allowed us to
evaluate the contribution of laminar erosion as a new component to gullies studies. As a result, it
was possible to quantify sediment volumes stored in the channels and lost from the gully system,
as well as to determine the main sediment sources. The UAV-SfM proved to be effective for
detailed gully monitoring, with the results suggesting that the main source of sediments in the
gully was mass movement, followed by rills and sheet erosion. Our findings support the use of
UAV-based photogrammetry as a sufficiently precise tool for detecting soil surface change, which
can be used to assess water erosion in its various forms. In addition, UAV-SfM has proven to be a
very useful technique for monitoring soil erosion over time, especially in hard-to-reach areas.
Acknowledgements This study was funded in part by the National Counsel of Technological and
Scientific Development – CNPq (process numbers 306511-2017-7 and 202938/2018-2), and the
Minas Gerais State Research Foundation – FAPEMIG (process numbers APQ-00802-18 and CAGAPQ01053-15).
Keywords: Structure-from-motion (SfM), Unmanned aerial vehicle (UAV), Digital close-range
photogrammetry, Sheet erosion, Rill erosion, Gully erosion
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Impact of pavement distribution on hillslope runoff in periurban landscapes, based on laboratorial experiments
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It is widely accepted that urbanization modifies the hydrological processes, increasing runoff and
flood hazard. However, after decades of research, the magnitude of the impacts is not well
understood. This is partially due to spatial-temporal differences in rainfall-runoff processes over
complex landscapes comprising different land-uses, typical of peri-urban areas. This study aims to
investigate the impact of different spatial patterns of pavement on surface runoff, under distinct
weather conditions (dry vs wet). Inspired on urban cores observed in peri-urban catchments, 7
spatial patterns were investigated: 100% pavement, 100% pervious, and 60% pavement (and 40%
pervious) under continuous placement located upslope or downslope, and dispersed pattern with
regular, irregular and linear distribution. Concrete blocks were used as pavement material, whereas
pervious surfaces were simulated using either bare soil, 1.5 kg·m-3 with sandy-loam texture, or
commercial natural grass carpets. The 13 configurations of pavement and pervious materials,
pavement-soil and pavement-grass were simulated in the laboratory, in a 1.0×1.0 m2 flume, with
0.05 m soil depth and 9° slope. Three rainfall simulation experiments were performed for each
spatial configuration. Each experiment comprises a set of four sequential storms with 50 mm·h-1
over 20-minutes, interrupted by 30-minutes intervals, to simulate dry and increasingly wet
settings. Results show that runoff is driven by both spatial pattern and soil moisture. Runoff
coefficients ranged from 70-81% in fully paved surfaces to 1.4-40% in bare soil and 0.2-3.8% in
grass, exhibiting increasing values from dry to wet antecedent moisture conditions, especially in
bare soil. Under dry conditions, continuous pavement generates more runoff if placed downslope
than upslope (28% vs 5% with grass and 37% vs 33% with bare soil). Under wet settings,
however, continuous pavement generated (i) higher runoff if associated with downslope than
upslope bare soil (63% vs 52%), due to saturation-excess favoured by cumulative rainfall and
upslope runoff; and (ii) lower runoff if associated with downslope than upslope grass surface (33%
vs 24%). When considering dispersed pavement, runoff increased from dry to wet conditions,
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ranging from 32% to 62% and 1.3% to 23% when distributed with soil and grass patterns,
respectively. Adequate urban planning based on spatial patterns that maximize runoff sinks over
the landscape should be considered to enhance urban flood resilience. Grass (as other covers) has
higher capacity to retain and infiltrate rainfall and runoff than bare soil, and may represent a naturebased solution to mitigate flood hazard in peri-urban areas.
Keywords: pavement distribution, grass, bare soil, runoff, dry and wet settings
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Scanning the Water-centered Transversally Connected
Natural Landscape Mosaics in the Metropolitan Areas in
support of NBS for Metropolitan Challenges
Artan Hysa
Epoka University

This study presents an analytical method to identify the transversally connected natural landscape
mosaics (TCNLMs) being in physical contact with the water surfaces of the territory at the
metropolitan scale. It makes a comparative case between three Swedish cities; Helsingborg,
Goteborg, and Malmo utilizing Urban Atlas land cover geospatial data and QGIS software.
Fundamentally, the analytical process is based on the relative physical relationship the natural
surfaces have with the water surfaces. The relationship is based on the concept of “bands” instead
of “buffer” zone in reference to water sources. The land cover surfaces in touch with water
surfaces are categorized as band 1. The remaining surfaces that are adjacent with band 1, are
categorized as band 2. Similarly, the remaining land cover surfaces can be classified into further
bands. The reclassified patches by their band level, are introduced into an analytical process
structured in three levels. First, the natural surfaces are filtered and the existing TCNLMs (public
land) within the metropolitan area are identified. Second, the agricultural areas are joined with the
natural surfaces in order to measure their impact in the enhancement of TCNLMs. At the third
level, the method gives floor to the identification of potential artificial surfaces (private land), the
naturalization/ restoration of which may extensively enhance the transversal connectivity of
natural lands to water sources. The potential artificial and agricultural surfaces as private property
are targeted as “private land for ecosystem services” especially for urban ecological issues and
disaster risk reduction. The workflow of the study is structured in Graphical Modeler (QGIS 3),
enabling easier reproducibility of the method to similar study areas. The results of the study show
that the proposed method is useful in scanning the transversally connected mosaics of natural lands
and their potential enhancement. Finally, it contributes to the development of analytical methods
in support of natural based solutions for metropolitan challenges.
Keywords: Nature Based Solutions, urban challenges, QGIS, land for NBS, LAND4FLOOD
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Land-use changes driven by human activities affect natural systems. Urbanization, forest
monoculture and intensive agriculture are changing the functioning of many biotic and abiotic
processes. This tends to decrease the ability of ecosystems to provide services, which leads to
several problems particularly in cities. This study investigates the ability of urban areas with great
population and environmental pressures, to supply ecosystem services. The study was carried out
in Coimbra municipality, through the assessment of regulation, provisioning and cultural services.
The quantification of ecosystem services was based on the evaluation performed by experts
familiar with the study area, through questionnaires. A total of 31 questionnaires were completed.
The experts ranked the potential supply of 30 ecosystem services for the 33 existent land-uses.
based on a qualitative evaluation: ‘strong adverse potential’, ‘weak adverse potential’, ‘not
relevant’, ‘low positive potential’ and ‘strong positive potential’. The qualitative evaluation was
converted into a quantitative classification (-2, -1, 0, 1, 2). The values were used to develop an
ecosystem services quantification matrix and to map the information in the study area, using
Geographic Information Systems (GIS). Despite the limited ecosystem services provided by urban
areas, agricultural fields and especially green spaces are relevant for the provision of resources
essential for human survival and well-being. The methodology used in this work is still useful for
the quantification of ecosystem services in cities with characteristics associated with the
Mediterranean climate. This type of studies are important to (i) anticipate problems originated
from the loss of ecosystem services, (ii) identify good and bad practices of land use changes, (iii)
the role of connectivity in maintaining biotic and abiotic processes, and (iv) develop practices that
promote the sustainable development of societies.
Keywords: Ecosystem Services. Urbanization. Green areas. Sustainability.
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Nitrate leaching into groundwater is a serious issue in many parts of the world. Usually
agricultural use of fertilizers is blamed to be the main source of pollution, but other human
activities, like leaky or inexistent sewage systems can also be important in this regard. The aim of
this study is to assess nitrate transport from soil to ground and surface waters with nuclear
techniques. Two study sites were chosen – both featuring agricultural production in vulnerable
areas of alluvial plains. Shallow groundwater below the surface is the main source of drinking
water in both areas. Stable isotope techniques provide an innovative and unique methodology to
trace and monitor the movement of nitrates (organic and inorganic) from the soil to ground and
surface waters and to determine possible sources.
Keywords: Stable isotope techniques; nitrate; groundwater; fertilization; diffuse pollution;
agriculture; sewage systems; pollution sources
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It is well known that conventional cultivation practices of large inputs and non-rational use of
natural resources and energy, cause environmental degradation and high greenhouse gases (GHGs)
emissions. Especially in Mediterranean farming systems and under the threat of climate change,
the implications of conventional agriculture for food production and conservation of natural
resources are expected to be significant.
Agriculture produces considerable quantities of GHGs from soil respiration, the use of nitrogen
fertilizers, the management of organic materials (e.g. manure, slurries), the use of fuel for
agricultural machinery and also electricity.
This work has been carried out in the framework of the EU co-funded LIFE project \"Innovative
technologies for climate change mitigation by Mediterranean agricultural sector-LIFE
ClimaMed\", which has as main targets (1) the development and construction of an innovative
GHGs measurement system by using LIDAR technology, (2) the evaluation of GHGs emissions
from agricultural sector in relation to the practices applied and (3) the development of proposals
for reducing emissions through incentives for producers.
In order to study GHGs emissions from the Mediterranean farming systems, five typical
Mediterranean cultivations were selected in Greece in three replicates - a total of 15 pilot fields, in
which olives, grapes, vegetables, cereals and nuts (pistachios) are grown. Pilot fields were selected
in such a way that each crop will be studied in three different climatic conditions across north to
south of Greece, while special attention was given to include different cases, as for example
intensively cultivated crops (use of chemical fertilizers), organic farming, coexistence of livestock
and agriculture.
For the determination of GHGs emissions due to currently applied practices, a detailed recording
of the practices applied in each pilot field as well as fields’ history of the past 20 years, has been
made. Furthermore, soil sampling and chemical analyses were conducted to investigate whether
inputs are appropriate in order to develop management plans for the Hellenic Ministry of Rural
Development and Food, aiming to control GHGs emissions at field level by using the LIDAR
measurement system and to provide incentives to farmers for further reducing.
The first LIDAR system was installed in one of the pilot fields and is already fully operational
collecting measurements.
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Climate change is expected to substantially alter temperature and precipitation regimes, leading to
more intense and more frequent extreme rain events, droughts, reduced air quality and
consequently negatively influences biodiversity and ecosystems. The importance of protecting and
improving ecosystems for reducing disaster risk started to receive higher attention in the recent
years after a long period of neglection. Nature-based solutions (NBSs) focus on working with
nature and, in essence, aim at increasing the natural capital of the ecological systems.
Implementation of NBSs requires extensive dialogue processes in order to ensure knowledge
exchange and to ‘bring everyone on-board’. To be successful, NBSs must take into account the
local socioecological systems, so that local and regional stakeholders are engaged in order to
secure the thresholds of interventions that can effectively reduce the risks from climate change
disasters. In addition, a successful implementation of NBSs also requires a strong environmental
education. Education is an essential element of the global response to climate change. It helps
people understand and address the impact of global warming, encourages changes in their attitudes
and behaviour and helps them adapt to climate change-related trends. Environmental Citizens,
with their responsible pro-environmental behaviours, can act as promoters of NBSs through
individual and collective actions, in the private and public sphere, in the direction of protecting
and improving ecosystems and effectively reducing the risks from climate change disasters. Thus,
Education for Environmental Citizenship (EEC) has a strong practical orientation including
community engagement and public participation and therefore can be marked by teaching and
learning approaches with remarkable contribution on enhancing the implementation of NBSs. This
type of education also embraces systemic learning, understanding relationships being crucially
important. This paper will use the model for EEC developed by COST action 16229 “European
Network for Environmental Citizenship” (www.enec.eu) to propose an education framework for
enhancing the successful implementation of NBSs. Acknowledgements This work was supported
by a grant of the Romanian Ministery of Research and Innovation, project number
10PFE/16.10.2018, PERFORM-TECH-UPT - The increasing of the institutional performance of
the Polytechnic University of Timi?oara by strengthening the research, development and
technological transfer capacity in the field of \"Energy, Environment and Climate Change\", within
Program 1 - Development of the national system of Research and Development, Subprogram 1.2 Institutional Performance - Institutional Development Projects - Excellence Funding Projects in
RDI, PNCDI III”. This article is partly based on work from Cost Action ENEC – European
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Flooding is a wide-range natural hazard that noticeably damages property, people, and the
environment. In the context of climate change, the integration of spatial planning with flood-risk
management has gained prominence as an approach to mitigating the risks of flooding. Land use is
regulated through various mixes of top-down laws, regulations and governance structures and sets
of locally based practices that can vary widely across localities and contexts. These underresearched aspects can often make the difference between success and failure in implementing new
insights and proposals for better nature-based and diverse technological solutions for flood
storage.
Generally, water management has first dealt with technical and hydrological issues before
addressing land management, and then found implementation to be hampered by the lack of land
management approaches. Land owners/users are often regarded as mere recipients of water
management, not as key stakeholders. Most existing research initiatives on water-related risks
focus on technical or hydrological aspects, forecasting, disaster management, or institutional
governance aspects. Approaches for collaborating with private land users to realize mitigation and
adaptation measures on private land are lacking both in theory and practice.
The absence of dialogue tools and collaborative approaches, lack of access to integrated and highquality information and technologies and tools to use information, are among the factors that
impede this integration. Limited research has been conducted to develop a framework and to
investigate the interplay between involvement, information and technologies in this integration.
These shortcomings could be resolved through an integrated approach which can be based on the
features and characteristics of an environmental citizenship. Based on the definition provided by
ENEC, an environmental citizen has the necessary knowledge, skills, values, and beliefs to
effective public participation and stakeholders’ engagement in solving controversial environmental
problems and therefore to negotiate land for flood within a sustainable context. Starting from the
definitions of environmental citizen and environmental citizenship, this paper will try to provide
an approach for smoothening the process of negotiating land for flood as a key tool for mitigating
the risk of flooding through sustainable cooperation with land users.
Acknowledgement: This work was supported by a grant of the Romanian Ministery of Research
and Innovation, project number 10PFE/16.10.2018, PERFORM-TECH-UPT - The increasing of
the institutional performance of the Polytechnic University of Timi?oara by strengthening the
research, development and technological transfer capacity in the field of "Energy, Environment
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and Climate Change", within Program 1 - Development of the national system of Research and
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(European Cooperation in Science and Technology).
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Soil structural shifts caused by land management practices
Ioanna Panagea , Jan Diels and Guido Wyseure
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Long-term agricultural practices have been shown to affect soil hydro-physical properties in
multiple ways. They affect the stability and distribution of soil aggregates leading to changes on
water retention, bulk density, hydraulic conductivity, and porosity. Aggregate stability is an
indicator of the resilience of aggregates to external forces. Unstable aggregates can change rapidly
under the different land management practices and meteorological conditions. ?acro-aggregates
(>250 ?m) are formed more rapidly and are often more sensitive to management changes.
Here, four different long-term experiments run by the SoilCare Horizon 2020 Project partners
sampled and analyzed, in order to evaluate the impact of the different agricultural management
practices in the water stability of soil aggregates and the fractions distribution. Different
experiment selected, include control- conventional treatment and different treatments, which are
considered soil improving. The treatments are about soil cultivation (conventional ploughingcontrol, zero tillage, minimum tillage, strip tillage, shallow tillage) and organic input (mineral
fertilization-control, residue incorporation, farmyard manure) and selected in areas with different
climatic and soil conditions.
Initial results indicate that treatments with less soil disturbance present more water stable
aggregates (WSA) >250 ?m and higher mean weight diameter (MWD), as well as the same trend
follow the treatments with increased organic input. According to Tukey’s Honest Significance test
(p: 2 mm) seems to be greatly sensitive to soil cultivation, whereas the results for the small macroaggregates (250 ?m- 2 mm) are controversial among the different tillage experiments. The
different organic inputs seems to affect more the small macro-aggregates than the larger. The
initial results indicate that the shifts in the soil structure cannot only be justified by the different
management practices. The interrelationships and potential links with other soil properties like
texture, bulk density, particulate organic matter and climate will be taken into account in further
steps in order to understand the mechanisms behind the aggregation shifts.
Acknowledgments
This study was funded by the European Union’s Horizon 2020 Research and Innovation Program,
Project SoilCare, grant agreement 677407. The authors acknowledge the SoilCare partners from
University of Panonia, UP – Hungary, Crop Research Institute, VURV – Czech Republic, Game &
Wildlife Conservation Trust, GWCT – UK and University of Padova, UNIPD- Italy for allowing
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Thistle (Scolymus hispanicus L.)
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As the demand for high-quality wild greens rises, due to theirhigh nutritional, culinary, and
medicinal properties, the potential overexploitation and excessive disruption of their natural
habitats bring serious environmental problems to the foreground. However, new alternative
cultivation techniques, such as hydroponic cultivation, could take advantage of rational water
management, optimal fertilization management and climate adaptation, to producehigh-qualitywild
greens, all year round. As an initial step to assess optimal hydroponic cultivation conditions for
golden thistle(Scolymus hispanicus L.),in this study we evaluate the effectof N:K ratio and
electrical conductivity (EC) of nutrient solution on its growth, yield and phenology. Four nutrient
solutions were applied with a low and a highN:K ratio(1.59and 2.38 mol/mol, respectively)
combined with a low and a high electrical conductivity (EC) level(2.2 and 2.8 dS m-1,
respectively) in a 2 x 2 factorial experiment onacomplete randomized block design with 4 blocks
and 48plants per block. Golden thistle seedlings were planted in plastic growth-bags of hydroponic
perlite substrate in an open, drip-irrigated, soilless cultivation system. The experiment was
launchedin December 2018, in a plastic greenhouse atthe campus of the Hellenic Mediterranean
University, Crete, Greece. After four months of cultivation, the post-harvest analysis showed that
the high N:K ratio significantly increased leaf and edible tuberous root fresh weight without tbeing
affected by the EC of the nutrient solution. The experimental treatments did not significantly affect
leaf chlorophyll concentration (SPAD meter readings), chlorophyll fluorescence (Fv/Fm) or the
number of leaves and the specific weight of the tuberous root of the plants. Our results indicate
that wild golden thistlecould be domesticated as anedible vegetable, and cultivated hydroponically
at different seasons of the year using relatively low nutrient concentrations, thereby minimizing
aquifer nitrate and phosphate pollution. A nutrient solution with a relatively high N:K ratio (here
2.38 mol/mol) is recommended for the hydroponic cultivation of golden thistle.
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Early Structural Changes of Constructed Soils in
Bioretention Bed for Stormwater Infiltration
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Properties of constructed soils determine the functioning of nature-based solutions, such as
stormwater bioretention beds. Water infiltration, colloid transport and heat transport in the soil
layer are affected by changes in pore system geometry of the biofilter layer particularly due to the
development of macropores and by clogging of pores by particles. The rate of alterations is often
faster than in natural soils due to higher loads of particles as well due to frequent variations of the
water content. In the presented study we assess the temporal changes of soil structure of biofilter
layer of the experimental bioretention beds by conducting field-scale experiments and noninvasive
diagnostics of soil cores. The aim is to relate changes in bioretention cell performance to the
structural changes of biofilter soil. Two identical experimental bioretention cells were constructed
in December 2017. The first bioretention cell collects the stormwater from the roof of the nearby
experimental building (roof area 38 m2). The second bioretention cell is supplied from a tank
using a controlled pump system, which allows generating of artificial rainfall-runoff episodes. The
bioretention were planted in July 2018 by four perennial plants (Aster novae-angliae “Purple
Dome”; Hemerocallis 'Lemon Bells'; Euphorbia amygdaloides; Molinia caerulea). Bioretention
cells are instrumented with water content probes, tensiometers, water potential meters. Outflow
from the bioretention cell is monitored by tipping buckets. Small undisturbed samples were
collected from the biofilter layer before and after the first vegetation season and examined by Xray micro computed tomography (CT). Image analysis involved segmentation of the macropore
network and calculation of the properties of the pore system. The analysis of X-ray CT imaging
demonstrates the significant decrease of macroporosity during the first vegetation season. The
outcomes of the research will lead to improved design and management procedures for and
bioretention beds.
Keywords: bioretention;
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Conciliating traditional green manure technique and modern
precision agriculture.
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Currently the productivity of some European cropping systems is maintained artificially by
increasing production factors like mineral fertilizers or pesticides in order to mask the loss of
productivity resulting from soil quality degradation.
Green manures are known as a good alternative to the use of mineral fertilizers and pesticides.
They are an important source of nitrogen and reduce significantly weed invasion. Nevertheless, the
literature providing a precise quantification of total nutrients available for plants after
incorporation of leguminous species cultivated in Portugal is scarce. This lake of knowledge’s
makes farmers worried about hypothetic productivity loss, making them to use excessive
complementary amounts of mineral fertilizer. Providing farmers with tools to calculated accurately
the reduction of mineral fertilizer will increase their gain and avoid environmental pollution by
nutrients lixiviation.
Under the scope the international H2020 SoilCare project, a study was conducted during the
winter and spring of 2018-2019 at Baixo Mondego valley in Central Portugal, where the main land
use is the monoculture of irrigated corn. The nutrient uptake was determined for 5 species of
legumes: pre-inoculated Pea (Pisum sativum L); Yellow Lupin (Lupinus Luteus), Red Clover
(Trifolium pratense); Balansa Clover (Trifolium Michelianum); Arrowleaf Clover (Trifolium
vesiculosum) and a control (natural vegetation). For each treatment, we determined total dry
matter yield for leguminous and weeds, macronutrients uptake (N and P Total, K, Na, Ca, Mg, S)
and micronutrients uptake (Cu, Zn, Fe, Mn). Combining soil analyses, theoretical main crop needs
in nutrients (short cycle grain maize) and mineralization rates, we calculated the precise
amendment needed to obtain the expected yield of maize in what concerns the macronutrient.
The production of total dry matter (leguminous and weeds) was very similar for the 5 treatments
e.g. about 7 ton/ha. Nevertheless, considering leguminous production, the higher dry matter yields
was obtain for the Arrowleaf Clover and the lower for the Red Clover respectively 5.5 and 3.5
ton/ha. The Macronutrient content (N,P,K) of the leguminous ranged between 22.9 and 28.0 g/kg
for N, 2.4 and 3.1 g/kg for P and 12.1 and 31.5g/kg for K. The Yellow Lupin presented the higher
values of N, the clovers the higher values of P and K. The total quantity of macronutrients
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incorporated in the soil was in average 152kg/ha for N, 20kg/ha for P and 170kg/ha for K with the
higher quantities for Arrowleaf Clover. We considered a mineralization coefficient of 0.5 for N
and 0.6 for P during the first year and a nutrient extraction of 280kg/ha of N, 50kg/ha of P and
245kg/ha of K, for a production yield of 12 t/ha of corn grain. After correction of plant needs
following the soil analyses results, we determinate an optimized fertilization rate of 180-40-0,
were the green manure supplies about 35%, 25% and 100% of the NPK extraction of the grain
maize.

Keywords: Green manure, macro-micronutrientes, precision agriculture
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IoT (Internet of Things) based technology help regional
farmers improve their agricultural production and
effectiveness - Prototype from Technical University in Zvolen
(Slovakia)
Jaroslav Vido and Paulína Nalevanková
Department of Natural Environment, Faculty of Forestry, Technical University in Zvolen

In 2017, an interdisciplinary seminar “Drought in our Regions” was organized at the Technical
University in Zvolen. The topic of the action was focused on problems with weather extremes and
drought in agricultural sector. The seminar also included a survey of the real needs of the
participating farmers and foresters, which could be translated into practice through practicaloriented development and research at the Technical University of Zvolen. We have identified two
pilot projects. In this contribution, we would like to present the one that concerns agrometeorological support for agricultural production at Agro-Poniky company. The specificity of the
Agro-Poniky farm is the diversity of landscape conditions (geomorphology) on the land they farm.
Therefore, it often happens that weather conditions vary considerably across the farmed area. In
such cases, inaccurate planning of agri-technical interventions in relation to the different weather
patterns in the area could lead to economic losses in various forms (loss of time, reactive
workload, unnecessary hours of operation, fuel, etc.). Because of this, a pilot project called
AGROMET was launched by the Department of Natural Environment of the Technical University
in Zvolen. The project is dedicated to on-line monitoring of weather conditions using IoT (Internet
of Things) meteorological stations on farmed area.
Keywords: drought, agriculture, meteorological monitoring, Internet of Things
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FAMILY FARMERS AND WATER CONSERVATION:
LEARNING NATURE-BASED SOLUTIONS AS HUMAN
BASED SOLUTION
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Bringing up conservation awareness among key stakeholders is essential for water management
and it requires motivation and dialogue in order to achieve local and global environmental
sustainability. Water management and agriculture must be in agreement to guarantee current and
future multiple uses of water. This paper presents the role of outdoor education as a way for
citizens to get involved in territory demands. This study-case of participatory monitoring of
Macabu River Basin has been carried out since 2012 in Trajano de Moraes, Rio de Janeiro State,
Brazil. Firstly, a bibliographic review and search of historical documents offered the basis to the
project: “River Macabu in action: history, knowledge and life”. It was aimed at linking land use to
water quality and involved students from nine different schools. The relationship between surface
water and hydrologic cycle was observed through monitoring rainfall at nine pluviometers
installed along 70 kilometres of river length, and the water quality at eleven collection points. The
project strategy focused on experiencing historical and geographic contexts and understanding the
nature’s goods as a heritage of affective value before endowing it with economic one. The project
was triggered after the agreement of various societal segments and an effective sharing for the
adequacy of different ways of execution. In the first few months the farmers’ resistance to the
project had been overcome as they were sensitized by relatives involved in it. After some time,
most farmers got connected to territory and were able to understand the state of the river as an
extension of their own choices. Then, conservation practices in agriculture became more frequent
mainly in the upper part of the watershed acting as links between the urban and the rural
population. The methodology developed in this project was acknowledged as a citizenship solution
for water by “Market of Solutions” in the 8th World Water Forum held in 2018. The engagement
of young people has been noticed in different forums such as the National Conference on
Environment. The farmers’ practical knowledge associated to hands-on education and effective
participation in actions for water management actions were considered fundamental to the citizens’
comprehension of the environmental conservation. The results showed the benefits from the
farmers and their children’s involvement in the management of water and territory. The
participation of family farmers in the River Basin Committees is considered highly relevant to the
fulfilment of their legal role as core forums of the water management.
Keywords: Participatory monitoring; Water Management; Natural Heritage.
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The link between land use and flood risk assessment in urban
areas
1
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Densification of urban areas rises a concern for increased pluvial flooding. Flood risk in urban
areas might rise under impact of land use changes. Urbanisation involves conversion of natural
areas to impermeable areas giving lower infiltration rates and increased runoff. When high-intense
rainfall excess the capacity of the drainage system in a city, high runoff causes pluvial flooding in
low-laying areas. In the present study, a long time series (20 years) of geo-referenced flood claims
from property owners has been collected and analysed in detail to assess flood risk under impact of
land use changes in urban areas. The flood claim data come from property owners with flood
insurance that covers property loss from overland flooding, groundwater intrusion through
basement walls, as well as flooding from the drainage system, and are used as a proxy for flood
severity. The spatial relationships between land use change and flood occurrences in different
urban areas were analysed. Special emphasis were put on how nature-based solutions and bluegreen infrastructure relates to flood risk. The relationships defined by a statistical method
explaining the tendencies where the land use change contributes to flood risk changes and others
engaged factors.
Keywords: flood risk; flood severity; flood insurance; urbanisation; land use
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CHALLENGES AND OPPORTUNITIES FACING LIGHT
POLLUTION: SMART LIGHT-HUB INTERREG
PROJECT
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Light pollution is a well-known problem because of its negative impacts on human health, flora
and fauna. From an ecological and engineering point of view, the literature states to consider the
following aspects: 1) the light intensity; 2) the composition of the spectrum; 3) the time and
duration of lighting to optimize the time of illumination with the available technologies; 4) the
periods of lighting and the control cone; 5) the height and spacing between the light sources to
optimize the space between the light sources to reduce the flow of light and unnecessary energy
consumption; 6) the environmental impact studies on-site; 7) the analysis of real needs and less
standardized approaches, examining the evolution of use and habits of light consumption.
According to, we want to present the SMART LIGHT-HUB (INTERREG) project, which
pretends, during the next 3 years (2019-2021), to deliver smart lighting systems to reach the widest
possible public such as companies active in the relevant subject areas. We are setting up an R&D
network in the Grande Région (Belgium, Luxembourg, Germany and France) to facilitate the
emergence of new collective solutions to needs that are not addressed in the private and public
sectors in terms of lighting. We are planning exchange workshops, which serve to complete the
project, concerning the interested parties on the ground (public authorities, chambers of commerce
and industry, local authorities, public-private sector, private companies, etc.) and external
participants representing the final consumers. We also want to work on restoring a protected
nighttime environment (i.e., continuous areas of "nocturnal/black corridors" for animals that
cannot tolerate artificial light).
Keywords: light pollution; INTERREG; night;
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Long term impact of sludge application in maize farm
Adelcia Veiga, Carla Ferreira, Luís Pinto, Anne-Karine Boulet, Eunice Louro, João Pato and
António Ferreira
CERNAS, Coimbra Polytechnic Institute of Coimbra, Agrarian Technical School, Portugal

Intensification of agriculture worldwide has led to a growing awareness on their environmental
impacts, namely on soil quality and long term impact on crop productivity. As a consequence,
there is an increasing concern regarding best agricultural management practices and their impact
on physical, chemical and biological soil properties. In the Centre region of Portugal, maize is one
of the most important arable crops and represents more than 32% of the cultivated area. Maize
fields have been intensively managed under conventional practices, but increasing land
degradation is leading farmers to adopt improved management practices, such as the application of
composted sludge from urban wastewater treatment plants. This study aims to assess the long term
impact of composted sludge application as soil amendment in maize cropping fields. The study
was performed in Baixo Mondego, in central region of Portugal, largely devoted to agriculture and
where maize is one of the most relevant crops. The study was performed in two study sites with
similar soil and weather characteristics - one managed under conventional practices, with intensive
application of fertilizers, and another field where a significant part of mineral fertilizers is replaced
by composted sludge. Both sites use these agricultural management practices for more than 5
years. In 2018, two soil sampling campaigns were performed to assess the physical (texture and
bulk density) and chemical soil properties (organic matter content, total nitrogen, total and
extractable phosphorus, exchangeable cation (K+, Ca2+, Na+, Mg2+) and heavy metals (Cd, Cr, Pb,
Zn and Ni)). Results show that composted sludge improves soil organic matter content (1.2% vs.
2.2%), total (2747 mg kg-1 vs. 1134 mg kg-1) and available phosphorous (821.85 mg kg-1 vs. 98.44
mg kg-1) comparing with conventional management practices. Higher contents of heavy metals,
specifically Cu, Zn, Cd and Cr, were found in the field with sludge application than in the
conventional one, which may represent a long term risk for soil contamination. Information
regarding the long term impacts of best management practices on soil quality is relevant and
should guide farmers and policy makers to attain agricultural sustainability.
Keywords: soil quality, agricultural management practices, sludge
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into Irrigation Systems
1

Katherine Franco, 2Luis Leyda and 3Sven Kallen

1

Transfer Consultancy
TEQBIO -Tecnología Ultravioleta
3
projects@transferconsultancy.com
2

Enter description here.Spain is Europe’s second largest producer of pork with 99.561 pig farms.
The excess of manure available in intensive pig breeding areas in combination with lack of land to
spread it on, needs addressing. Around 70 million kg of pig manure is produced daily in the
country. A variety of methods exists for slurry processing, although few can be considered as
nutrient recovering processes or resource-efficient techniques. Currently, the solid fraction is dried
or composted but little attention is paid to the liquid fraction which is considered to be “waste
water” and can be expensive to treat. The liquid fraction is either applied directly to crops, left in
lagoons to evaporate as much as possible or even illegally dumped into lakes or rivers. These
processes cause an enormous environmental impact, increasing greenhouse emissions, polluting
water reserves and soil. 1. Inefficient use of available organic resources in pig manure 2. Negative
effects of extensive use of inorganic fertilizers 3. Unbalanced amount of phosphorous (P) in
manure used for crop production. In order to help to solve this problem, LIFE14/ENV/ES/00640
Smart Fertirrigation project foresees to demonstrate the environmental and economic feasibility of
innovative pig manure treatment at pig farms in order to produce precise volumes of natural liquid
fertilizers for direct injection into irrigation systems. 1. Apply an innovative treatment in order to
recover the liquid fraction with its natural nutrients for direct injection into irrigation systems 2.
Use of liquid fertilizer as a substitute for mineral fertilizers, reducing greenhouse gas emission and
preventing soil acidification 3. Reduce the amount of P in the slurry by using new phytase
enzymes in pig feed In order to track our environmental problems and demonstrate the
implementation of the integrated pig slurry treatment system, we implement different innovative
technologies such as the use of fuzzy filter that will drastically decrease the amount of suspended
solids in the liquid fraction. Innovative drying equipment considered to be a type of “green
machine” will be implemented. Expected results: 50% cost savings of liquid fertilizers vs
inorganic fertilizer 70% substitution of inorganic fertilizers in the project area Prevention of CO2
emissions vs inorganically fertilized fields 20% increase in nutrient absorption capacity of the
plant vs inorganic fertilized fields, leading to reduction of nitrogen and phosphorous in the
ecosystem 30% reduction of phosphorus present in tested pig manure vs manure of conventionally
bred pigs
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Food waste prevention through source reduction, food
redistribution for human consumption and upcycling to
animal feed
Konstantia-Ekaterini Lasaridi
Prof., Harokopio University

Roughly one-third of all food produced to be consumed by humans, is lost or wasted,
corresponding to economic costs of approximately € 890 billion per year, social costs of € 801
billion and environmental costs of € 623 billion. Although these figures are based on rough
estimations of food wastage quantities, and entail a degree of data uncertainties, they still reveal, in
the most prominent manner, the economic, social, and environmental dimensions of the food waste
issue. In economic, social, and environmental terms, every “player” of the food supply chain – i.e.
production, processing, transportation, wholesales, retails, consumption – has a key though
differentiated role. Food supply management should be grounded on sustainable use of resources,
tracking down materials or recovering of energy from waste, and waste prevention strategies. This
paper attempts to present the policies, strategies, and practices, such as redistribution of food
surplus or the upcycling of food waste to animal feed, that are being strongly suggested or have
been piloted worldwide, to address the food wastage issue. The ultimate aim is to point out the
need for the development of a holistic and cross disciplinary approach, which will involve the
adoption of a sustainable production and consumption aspect, and the integration of the circular
economy concept throughout the food supply chain.
Keywords: Food waste prevention
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The state soil in Europe 2020
Baritz Rainer
European Environment Agency

Land and soil are limited natural resources. Is land sustainably managed, and is the capacity of
soils to deliver its services sufficiently maintained? These questions may be answered for policy
makers by collecting evidence from scientific studies, as done currently for EEA’s State and
Outlook of the European Environment 2020. On that basis, European policies and actions do not
seem on track to protect the land and soil resource from degradation. Do we then treat our land
wrongly? Is knowledge lacking? Is the priority setting wrong? Are better indicators needed
capable to clearly signal where practices harm land and soil, and can this information stimulate
incentives and action? Science needs to be sufficiently empirical to provide reliable data about the
current and future impact of management and management change. At the same time, the
heterogeneity of environmental and socio-economic conditions, which control management
decisions, need to be considered. The recent improvement of monitoring and spatial resolution of
data combined with modelling may improve the visibility and usability of scientific results.
Keywords: soil, land, condition, outlook, 2020
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Role of negotiation in upstream-downstream flood protection:
Demonstration in role played flooding game
1

Jan Brabec, 1Jan Machac and 2Thomas Hartmann

1

J. E. Purkyne University in Usti nad Labem, Institute for Economic and Environmental Policy
Wageningen University & Research, Environmental Sciences, Land Use Planning Group

2

Large river floods threaten intensively used urban areas across the world. Projections of IPCC
expect such risks to increase in the future. To deal with flood risk along rivers water can be
retained upstream at places where less damage is caused and more vulnerable land (downstream)
can be adapted to the flood risk (resilient cities). This catchment-oriented approach to flood risk
management implies that upstream and downstream parties need to agree on where to store and
where to adapt to floods. However, this approach implies that many diverse stakeholders (such as
mayors, spatial planners, homeowners, etc.) enter the decision-making process, which influences
efficiency of the measure selection. Measures in a catchment of a river are often related and
influence each other – what happens upstream can have substantial effects downstream. In
particular, when rivers cross administrative or national boundaries, these upstream-downstream
effects become an issue of hydro-diplomacy. Upstream is usually not motivated to implement
measures from which mostly only downstream profits. Therefore, negotiation is necessary to find
agreement between upstream and downstream and to implement the most effective and efficient
measure. The negotiation becomes more complicated if multiple upstream and downstream parties
are involved. In this contribution, a role-played game that tries to better understand the dynamics
of negotiations in multiple upstream-downstream relationships is introduced. The game will be
played with real stakeholders (mayors and river basin managers) and the dynamics of negotiation
will be explored in different scenarios based on the Cultural Theory of Risk. This way, the game
allows to compare effectiveness of negotiation in different scenarios. Beside the different
institutional settings, the players’ level of flood risk aversion will be tested. The aim is to
demonstrate (play) the game during the session focused on games and experiments. The attendees
take on roles of mayors and will play one scenario of the game. The game shows how negotiations
may (and indeed should from an economic point of view) lead to a Pareto-improving situation,
making some players better off without worsening a situation of any other player. The
demonstration presents the setup of the game and leads to discussion about results of the
negotiations.
Keywords: negotiation, flood protection
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Forest ecosystem services (FES) are considered as public or common goods facing diverging
individual and societal interests affecting the quality of ecosystems and well-being of the
communities. This may result in overuse, degradation or unsustainable behaviour, as well as it can
create also barriers for cooperation, economic profit and innovative business initiatives. The paper
introduces the methodological approach which is applied within six different innovation regions
(conceptualised as social-ecological systems) within the InnoForESt H2020 project. Each region
uses innovative approaches in governance of FES and payments schemes. They are situated in
Austria, the Czech Republic and Slovakia, Finland, Germany, Italy and Finland. All are
characterised by manifold, sometimes diverging, FES, such as extraction, recreation, preservation
or education. In order to get a better understanding of the role and the impact of key innovation
factors for the regions, we have designed a behavioural [lab] experiment in the form of a Role
board game (RBG). The proposed experimental game builds on Cardenas et al. (2013) and Castillo
et al. (2011) as an interactive agent-based model arranging for repeated interaction and learning in
real-world situations. It contributes to testing the effectiveness of incentives provision for the
sustainable production of FES and the acceptance of such an intervention by FES communities
(Kluvankova et al., in press). The game enables the adaptation to the specifics of each innovation
region but at the same time it keeps the same internal experimental mechanism which will enable
the comparison across the regions. The main question to be addressed by the RBG is: How to
create conditions to enable innovations for sustainable use and well-being in innovation regions
under the diverging interest of FES users? We plan to test combinations of key innovation factors
as preferred future scenario for sustainable FES provisions in regions, including fundamental
policy interventions (e.g. strict regulation vs. payments for ecosystem services scheme), business
incentives and external risk factors. RBG will allow testing stakeholders’ specific behaviour for
resource use, and innovation activities, to create economic incentive, knowledge and social value.
We argue that this will help to set conditions for successful development of policy and business
innovations in innovations regions and to foster collaboration on FES provision for sustainability
among stakeholders in a long term. Acknowledgements The research leading to these results has
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Soil quality characterization of Mediterranean areas under
desertification risk for the implementation of management
schemes aimed at Land Degradation Neutrality.
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Soil is a key component of ecosystems as it provides fundamental ecosystem functions and
services, first of all supporting primary productivity, by physical, chemical and biological
interaction with plants. However, soil loss and degradation are at present two of the most critical
environmental issues. This phenomenon is particularly critical in Mediterranean areas, where
inappropriate land management, in combination with the increasingly harshening of climatic
conditions due to Climate Change, is leading to significant land degradation and desertification
and is expected to worsen in the future, leading to economic and social crisis. In such areas, it is of
fundamental importance to apply sustainable management practices, as conservation/restoration
measures, to achieve Land Degradation Neutrality. This approach is at the core of the LIFE project
Desert-Adapt “Preparing desertification areas for increased climate change” which is testing a new
framework of sustainable land management strategies based on the key concept that the
maintenance of ecosystems quality is necessarily connected to economic and social security in
these fragile areas. The project will test adaptation strategies and measures in 10 sites of three
Mediterranean areas under strong desertification risk, Alentejo in Portugal, Extremadura in Spain
and Sicily in Italy. We present the baseline data of soil quality analysis from 32 sites in the 10
study areas of the project. Key drivers of soil quality and quantity were identified and used as basis
to select sustainable management strategies focused on the maintenance, improvement and/or
recovery of soil-based ecosystem services, with particular attention to climate change adaptation
and land productivity. The final objective of the project is to demonstrate, according to the LDN
approach, the best adaptation strategies to recover degraded areas from low-productive systems
into resource-efficient and low-carbon economies to preserve ecosystem quality and booster
economy and social security

Keywords: soil quality, combat desertification, sustainable land management, land degradation
neutrality, ecosystem services.
Keywords:
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Modelling and Multi-Criteria Analysis of anaerobic digestion
process to get upgraded methane from bio-residues in the city
of Reykjavik
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Anaerobic digestion of urban organic wastes, farming slurries or sewage sludge is a common
practice in waste treatment plants. In the city of Reykjavik, the organic waste fraction constituted
by 60 % of biomass and 40 % of food waste will be transformed by the local waste company
SORPA providing biofuel for up to 10 % of the cars. Such measure belongs to the 2018-2030
Climate Action Plan from the Icelandic Government.
The main challenge of this work consists of the integral use of bio-residues in the urban biosphere
of Reykjavik by interlinking resource flows and its application in urban transportation, farming
and/or construction sectors from a circular bio-economy perspective. The aim of this research is to
analyse the life cycle of biomethane from the organic waste feedstock to end-use as upgraded fuel,
by simulating different approaching models improving the methane yields and efficiency of the
entire mill.
First, bio-residues composition, pre-treatment and fractionation options and how fractionation
affects digestion process will be analysed. Secondly, biogas reactor will be modelled using Aspen
Plus software under different pre-treatment and fractionation scenarios considering not only the
methane yield and digestion efficiency but also by analysing the solid digestate composition and
its application into the urban area. Finally, Multi-Criteria Analysis (MCA) decision making tool
using Definite 3.0 software will check the proposed alternatives and select the best solution
considering tailor-made environmental, technological and economic indicators.
Authors will conclude the presentation with the preliminary results of this ongoing research and
hope to engage in a constructive dialog on sustainable waste management.
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Transformation of Hotel Food Waste into Animal Feed: Two
Operational Periods of the Food for Feed Pilot Unit
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Food waste represents 25-35% of the European Municipal Solid Waste (MSW) [1], thus its
diversion into innovative utilization streams is critical for sustainable waste management and the
achievement of circularity. Opportunities are even higher in the island of Crete, Greece, where
landfilled food waste is 39% of MSW [2]. In this context, the LIFE-F4F Project implements a pilot
scale modified solar drying process that provides an innovative, low-tech and low emissions
method for safe transformation of source separated food waste into animal feed. LIFE-F4F targets
food waste sourced from the luxury hospitality industry which produces controlled quality food
waste due to strict quality assurance standards. The process involves an efficient food waste
collection system and a processing unit consisting of a food waste sorting and pulverizing facility
and a solar drying greenhouse with two rotary turners, yielding a total nominal processing capacity
of 1.5 t/day. Two of the three planned operational periods of the Project were conducted during
June-October of 2018 and 2019. During the first period, 4 hotels contributed 150 t of food waste
leading to 40 t of feed. The average drying period per 10-day batch at capacity rate loading was 10
days, with material moisture reducing from 70-75% to a maximum of 12%. Preliminary results
from the first period allowed for optimizations, therefore, during the second period, the 170 t of
food waste contributed from 5 hotels and one catering company lead to the production of about 60
t of feed. Batch drying period also dropped to 6 days with a moisture reduction from 70-75% up a
maximum of 10%. So far, the end product of the first period has been used in feeding trials with
promising preliminary results. Besides the technical success of the conversion process, additional
trials are required to assess the safe consumption of the end product by animals, as current
legislation prohibits this utilization. Future activities will determine the quality standards required
to update legislation towards the safe utilisation of processed food waste products as quality feed
for pets, poultry and pigs. Moreover, financial and environmental parameters will be assessed to
evaluate the commercial sustainability of a life-size application, as well as its impact on waste
minimization and utilization as part of an integrated MSW management scheme.
Acknowledgments This research is funded by EU LIFE15 ENV/GR/0002057: “Food for Feed:
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Automatic Monitoring of a Community Backyard
Composting Program
Ioannis Daliakopoulos, George Daskalakis, Nikolaos Markakis, Nikolaos Papastefanakis and
Manios Thrassyvoulos
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The increase of source-separation of bio-waste, largely represented by food waste, and their
biological treatment, is essential in waste management strategy. Aerobic and biological
composting of bio-waste is a process that requires experience and technical skills, thus backyard
composting can be a challenging task for the average household, with failed attempts often leading
to its abandonment. Here we present the development of an integrated system including a low-cost
sensor, a smart phone application, and a cloud-based service that can assist in backyard
composting. The system builds on the composting-as-a-service concept [1, 2]. Installed in a
waterproof capsule, the sensor monitors temperature at the core of the compost pile and transmits
the readings to a smartphone application using Bluetooth Low Energy (BLE) technology. Based
on compost temperature readings and a data feed of environmental parameters, a cloud-based
service provides insight on the status of the composting process and advice for manual
intervention. By supplying timely information for compost pile management, the system can
increase the potential for producing a high-quality compost soil amendment and therefore the
probability that backyard composting is adopted by the user. In the context of the backyard
composting activity of the UIA A2UFood Project [3], the system is tested in a community of 100
households in Heraklion, Crete, and preliminary results are presented. Acknowledgments This
research is funded by the Urban Innovative Actions (UIA) Initiative Project UIA02-115 A2UFood:
“Avoidable and Unavoidable Food Wastes: A Holistic Managing Approach for Urban
Environments”. References [1] Nikoloudakis, Y., Panagiotakis, S., Manios, T., Markakis, E., &
Pallis, E., (2018). Composting as a Service: A Real-World IoT Implementation. Future Internet,
10(11). [2] Nikoloudakis, Y., Panagiotakis, S., Markakis, E., Atsali, G., & Manios, T. (2016, July).
Cloud composting: A centralised approach. In 2016 International Conference on
Telecommunications and Multimedia (TEMU) (pp. 1-6). IEEE. [3] Borboudaki, K.E.,
Mamoulakis, C., Manios, T., Maragaki, A., Lasaridi, K., Velonia, K., Hafner, G., & Tsompanidis,
C. (2017). Avoidable and Unavoidable Food Wastes: A Holistic Managing Approach for Urban
Environments. Hellenic Solid Waste Management Association in collaboration with International
Solid Waste Association (ISWA) “Solid Waste Management and its Contribution to Circular
Economy”, Athens, 14 – 15th December 2017
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The degree of purity of materials recovered from municipal solid waste (MSW) depends mainly on
the objective: the intended use of the recovered material and the cost to recover this material in its
pure form, determined by the intensity of the effort and the technology involved. The Bio-waste to
Bio-plastic (B2B) Project aims to develop an integrated separation process at the bio-waste source,
focusing on Hospitality Units. The quality of the collected bio-waste will be upgraded by
removing foreign bodies or even specific categories of food waste, or by adding bio-waste from
other, more specialized, sources (e.g. bakery residues) to produce compostable bio-plastics
through an optimal synthesis process. Compostable bio-plastics are high added value products,
which justify an increase in the cost of the preceding processes. After examining the possibility of
further source separation and its results, B2B will study the optimal collection and transport
system which decisively affects many qualitative elements, testing and evaluating a relatively highcost but highly effective solution, that of hand-sorting in order to optimize materials recovery.
B2B will identify all the parameters of the production process of PLA monomers and (poly) lactic
acid in relation to the quality characteristics of the raw material (bio-waste) collected from
Hospitality Units. Quantitative and qualitative analysis of food waste (bio-waste) produced in
Hospitality Units will then take place. All the above will be tested on a bench-scale unit that will
allow their further study and their substantial improvement, as well as the extraction of realistic
results. Finally, the effect of the end-product bio-plastic on the composting and anaerobic
digestion of bio-waste will be examined. The expected results from the B2B implementation are
an optimized source separation scheme for Hospitality Units, the identification of the appropriate
method of upgrading the quality of residues collected for the purpose of bio-plastic production,
and eventually an integrated process of converting bio-waste into a high added value product.
Acknowledgments This research has been co?financed by the European Union and Greek national
funds through the Operational Program Competitiveness, Entrepreneurship and Innovation, under
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Biogas production through anaerobic digestion is a well-established practice worldwide combining
waste treatment and energy production at the same time. One of the challenges of this technology
is to increase the yield of biogas production and secure the disposal of the effluent of anaerobic
reactors. It is well known that various organic residues such as cheese whey, olive mill
wastewater, as well as food waste from hotel units, could be combined with other materials
(animal manures, sewage sludge, etc.) in order to increase biogas production through co digestion. However, their high seasonal variation and high transport costs is a barrier for their use.
Solar drying process can be a very attractive technology for volume reduction in order to decrease
the storage and the transportation cost. Moreover using solar energy may well be an alternative
solution for reduction of drying process costs. In this study, co-digestion of pig manure (PM) and
cow manure (CM) with solar dried mixture of food waste (FW) and olive mill wastewater (OMW),
named as biobooster, was studied in an attempt to improve biogas production of existing on –
farms plants which co – digest manure with other farm waste. The effect of biobooster in biogas
production was investigated using three lab-scale continuous stirred-tank reactors (CSTR) (3L
working volume) (D1- D3) under mesophilic conditions (37±2oC) with a hydraulic retention time
of 20 days. Initially, all reactors were inoculated with anaerobic sludge originating from sewage
treatment plant of the city of Heraklion, and contained 19.6 g/L TS, 10.8 g/L VS and 17.5 g/L
COD. Three types of influent feedstock were utilized: D1: PM (95%) + CM (5%) (VSin = 35 g/L),
D2: PM (95%) + CM (5%) + Biobooster (1%) (VSin = 41 g/L), D3: PM (100%) + Biobooster
(1%) (VSin = 8,5 g/L). The experiments showed that the addition of biobooster to pig and cow
manure significantly increased biogas production by nearly 65% as value of 662.75±172.50 ml/l/d
compared to that with pig and cow manure alone (402.60±131.89 ml/l/d). The biogas production
in D3 reactor was 242.50±56.82 ml/l/d. This work suggests that methane can be produced very
efficiently by adding a small portion (20% increase of VS) of dried agro-industrial by-products in
the inlet of digesters of existing on – farms plants. Acknowledgments This research has been
co?financed by the European Union and Greek national funds through the Operational Program
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The Millennium Ecosystem Assessment (MA) initiated in 2001 aims to assess the impacts of
human pressure on ecosystem services (ES) and human well-being. Since then, the ES have been a
worldwide concern, namely regarding to biodiversity loss and land use management (MA, 2005).
The EU 2010 Biodiversity Baseline Report stated that 65% of habitats of EU importance were in
an unfavorable conservation status, mainly due to anthropic activities over time (EEA, 2010). As a
consequence, in 2011, the EU adopted the Biodiversity Strategy to 2020, requiring all Member
States to actively work towards stopping the loss of biodiversity and ecosystem services by 2020,
and to restore ecosystems.
ES are particularly relevant in urban areas, where most population is concentrated and expected to
reach almost 70% of the total population by 2050 (UN-DESA, 2018). Strategically planned urban
Green and Blue Infrastructures (GBI) can be designed and implemented in cities to effectively
provide a wide range of ES, relevant to address urban sustainability and resilience to climate
change, and thus effectively contribute to stop and revert ES deterioration and loss. However, the
integration of ES and GBI concepts into national, regional and local policies and plans, and their
effectiveness to implement the EU Biodiversity Strategy, is still a major challenge.
This paper aims to analyze the horizontal and vertical integration of the ES and GBI concepts in
the Portuguese policies and land use planning, at national, regional and local levels, focusing on
the municipality of Coimbra. Among the 19 documents analyzed, most of them are defined at
national level (12) and 6 of them are defined at local level. At the regional level, only one single
plan is available, although it is still not officially approved and published, despite started being
prepared in 1991. This regional situation mirrors the current status of the Portuguese
administrative levels, which was triggered by the negative result of the 1998 referendum on the
regionalization process. This referendum prevented necessary changes in the administrative
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divisions, so that current regional divisions do not reflect the economic, demographic and cultural
realities of the country, having been emptied of administrative powers.
The analysis shows a strong integration of the ES and GBI concepts at the national level, but the
vertical coordination shows that plenty of work needs to be done to fully embrace the ES and GBI
concepts.
Keywords:
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Our Planet suffers from human activities. Especially different forms of intensive agriculture with
large inputs of fertilisers, pesticides and mechanical energy increasingly add to the humanpressure on the environment. As part of the environment soils are also under threat, while they are
an essential part of this system as they need to provide safe food, feed, fibre and fuel for an
increasing population, and it is the basis for the bio-economy. Our challenge as scientists is to
focus on the scientific research towards finding solutions for the societal issues of our time and
facilitating the adoption of these solutions. For this interdisciplinary collaboration and networking
is needed. It is necessary to bring scientists and stakeholders that have the same goal, work on the
same societal issue, but have different (scientific) backgrounds.
The European Joint Programme (EJP) SOIL is a European network of research institutes in the
field of soil science and agricultural soil management and policies. This EJP aims to boost
research by finding synergies in research, avoid current fragmentation and make a leapfrog in
research on good agricultural soil management in three main areas: climate change mitigation and
adaptation, food security and ecosystem services delivery by joint programming, training and
capacity building, whilst taking into account the need for effective policy solutions, as well as the
socio-economic conditions of all stakeholders in the agricultural value chain.
The main aim of the EJP SOIL is to construct a sustainable framework for an integrated
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community of research groups working on related aspects of agricultural soil management. One
important aspect of agricultural soil management to be addressed in the EJP SOIL is to strengthen
the European research community on agricultural soil management, through a concerted alignment
of research, training and capacity building; and co-construct with stakeholders a roadmap for
agricultural soil research;
To develop a structured roadmap EJP SOIL works with a version of the knowledge management
framework of Dalkir (2005). The EJP version uses four compartments: i) Knowledge
development, ii) knowledge harmonisation, organisation & storage iii) knowledge sharing &
transfer and iv) knowledge application. The four segments are part of a cyclic process to enhance
the development and use of knowledge on agricultural soils. Knowledge development comprises
of assessing new knowledge needs to achieve the expected impacts of EJP SOIL. Therefore, using
stakeholder involvement, knowledge gaps across Europe will be identified to work towards
adoption of Climate-Smart Sustainable Agricultural Soil Management (CSSASM).. Within the
knowledge sharing & transfer compartment the capacity of scientists and non-academic
stakeholders will be enhanced. EJP SOIL will work towards network set ups and capacity building
for different stakeholder groups. The knowledge harmonisation, organization & storage
compartment of the knowledge framework ensures linkages with all stakeholders to ensure data
harmonization and standardization. The last compartment, application of knowledge, will be
facilitated by creating better guidelines, awareness and capacity for CSSASM adoption.

Keywords: Knowledge framework, climate smart agricultural soil management, Europe-wide
network development
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The A2U Food project aspires to establish a holistic management scheme to address food waste in
the hospitality sector (i.e. hotels and restaurants) in the Municipality of Heraklion (Crete, Greece).
More specifically, the project aims to design and implement a holistic food system involving food
waste prevention, optimal use and composting. This integrated system will share gained
knowledge regarding food waste prevention and reduction, with the public and hospitality sector;
will provide especially designed digital tools to facilitate food waste reduction; will redistribute
good quality surplus food to people in need by establishing a 2nd opportunity restaurant; will
redirect unavoidable food waste to a bioplastics unit; and will promote composting through the
installation of Autonomous Composting Units at neighborhoods. Communication activities will be
a core activity throughout the implementation of this project. Acknowledgements The A2U Food
project is co-funded by the European Regional and Development Fund through the Urban
Innovative Actions Initiative.
Keywords: Food waste prevention, Circular Economy
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Having adequate soil information to adapt fertilizers plans, and support farmers yield ambitions is
either hard to obtain or rather expensive as it often requires soil sampling and analysis in a lab.
AgroCares has developed two services, the Scanner and the Lab-in-a-box, that bring the
knowledge of soil analysts and agronomists into the hands of the farmer in a quick, easy and
affordable way. Starting with a soil scan the spectra produced by the spectrometers inside follow a
range of processes until it is returned to the user as a soil status report. The spectral image of the
soil provided by the scanner is connected to the Global Soil Database and its algorithms; which
through machine learning regression models, predicts the content of a soil sample from a
spectrum. From the spectra obtained, several regression models produce the numerical predictions
that are returned to the farmer as a soil status. In order to assure quality in the predicted soil status,
the regression models are developed country by country. For country calibration, Agrocares starts
by determine the number and location of samples required to cover the full spectral range of that
specific country using data like soil type, land use, fertiliser and crop residue management,
satellite crop development images, climate and elevation. These samples are then collected
following protocols and shipped to the Golden Standard Laboratory in the Netherlands where they
are analyzed using regulated traditional wet chemistry techniques and scanned with the sensors of
the Lab-in-a-Box (Mid Infra Red and XRF) and the Scanner (Near Infra Red). The reference
values obtained in the GSL and the spectra for each sample obtained from the Scanner and the Labin-a-Box form the ground truthing data set required for the machine learning algorithms Once all
the soil data has been extracted from the spectral image, it is sent to the fertilizer module, where
the different nutrients are allocated to their respective soil fertility classes. These classes are used
to establish the quantities in kg/ha of nutrients needed to reach an “adequate” soil fertility level.
Using local nutrient crop uptake tables, the total nutrient requirement is calculated and converted
into fertilizer recommendations that consider factors like nutrient loss after application and
available fertilizer. The user then receives a full soil management report that includes soil analysis
results in classes for N, P, K, pH and organic matter with the Scanner and in values for all Macro
and Micro nutrients with the Lab-in-a-box. But also, customized, locally adapted fertilizer
recommendations for a better yield.
Keywords: AgroCares
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Contribution of EU and national policies towards the
achievement of soil and agriculture focused SDGs – the
concept of Soil-Improving Cropping Systems (SICS)
Zuzana Lukacova, Alicia McNeill, Melanie Muro and Tugce Tugran
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Land and soil are essential to several ecosystem services and functions as evidenced by the UN
Sustainable Development Goals (SDGs) where land and soil play an important role in achieving
half of the SDGs, specifically SDGs 2, 3, 6, 7 and 12–15. Particularly two SDGs, goal 2 (Zero
hunger) and 15 (Life on Land), directly link to the agricultural use of land and soils. Agriculture
occupies a substantial proportion of European land and consequently plays an important role in
combating various forms of degradation. Six of the soil degradation processes recognised by the
European Commission\'s Soil Thematic Strategy (2006) are closely linked to agriculture: erosion,
organic carbon decline, soil biodiversity decline, compaction, contamination, salinisation and
acidi?cation. The uptake of innovations associated with potential benefits to soil quality, such as
precision farming and conservation agriculture is slowly expanding across Europe. Yet, these are
not adopted to their full potential and are in some cases even abandoned, raising the question of
why support and adoption of these practices by European farmers is still considerably weak. The
Horizon 2020 funded research project SoilCare is testing Soil-improving cropping systems (SICS)
across 16 European study sites, exploring their benefits for soil health and investigating the
economic, social, institutional and policy factors hampering or promoting their adoption. This
poster presents key findings of the EU- and national-level policy analysis carried out as part of the
SoilCare project, highlighting how the current policy framework may contribute to achieving the
SDGs, and particularly the land degradation neutrality target 15.3. Drawing from both document
analysis and interview data, the existing policy framework is largely characterised by regulatory
and economic policy approaches, with more than 80% of all policies in the covered countries
formulated at EU level. Although findings suggest that the policy instruments appropriately
address key soil threats, from an EU-level perspective, the evidence demonstrates that policy
impacts are largely defined by how these are implemented at national and regional level.
Moreover, research indicates that for example financial incentives established by the CAP may be
less effective than other types of instruments such as provision of information and advisory
services, as they do not take into account other factors relating to farmer views and attitudes. This
finding was confirmed by interviews carried at the national and regional level, where stakeholders
highlighted that the main barriers for the implementation of SICS were lack of information and
training of farmers.
Keywords:
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Geocomputing, new technologies and historical analysis: tools
for a changing planet
Sebastiano Trevisani
University IUAV of Venice (Venice, Italy)

Understanding the geoenvironment and deciphering its interactions with the anthroposphere is a
key element for achieving the United Nations defined Sustainable Development Goals (SDGs).
Moreover, the objective and holistic analysis of the geoenvironmental system may suggest to
modify existing SGDs or to define new ones. The analysis of geosphere-anthroposphere
interlinked dynamics strongly relates with relevant research topics, among which the \"Critical
Zone\" research area and the \"Anthropocene\" related debates. The issues involved in this context
are characterized by high complexity, both from the scientific as well as from the cultural and
socio-economical viewpoint. The geosphere-anthroposphere interlinked and reflexive dynamics
should be studied taking into consideration demographic and socio-economical factors, inevitably
involving anthropological considerations on the ancestral relationships between humankind and
the planet Earth. The advances in geocomputation and technology play a pivotal role in this
exciting research context, both in relation to the characteristics of available geo-information, often
heterogeneous and affected by uncertainty, as well as in relation to the complexity of studied
processes. The wide set of data analysis approaches (e.g., geostatistics, machine learning, etc.) and
numerical modelling tools (e.g., ground water models, ocean circulation models, etc.) is
fundamental to exploit available geo-information. The developments in technology, software and
hardware, amplify our capability to collect geoenvironmental data and furnish an unprecedented
computing power at low cost for data analysis and numerical modelling. This is an area of
bewildering development, still to be fully exploited, both from the side of available open data
repositories as well as from the side of available open and \"easy\" to use software for data
analysis and numerical modelling. Now more than ever, Earth Scientists need to strengthen their
quantitative and mathematical understanding of used methodologies, avoiding to rely blindly into
completely automatic software for analysis and modelling. Moreover, now more than ever, domainspecific knowledge is crucial for conducting tasks of data analysis and modelling. From this
perspective, the role of quantitative Earth Scientist is growing in relevance, given the inherent
capability to integrate expert knowledge related to the natural system with quantitative approaches.
Modern Earth Scientists need also to interact with other disciplines, apparently far from the Earth
Sciences and Engineering. Disciplines related to history and philosophy of science are emblematic
from this perspective. From one side, the quantitative analysis of information extracted from
historical records (documents, maps, paintings, etc.) represents an exciting research topic,
requiring a truly holistic approach. On the other side, epistemological and philosophy of science
considerations on the relationship between geoscience and society in history are of fundamental
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importance for understanding past, present and future geosphere-anthroposphere interlinked
dynamics.
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SOIL EROSION AS AN ENVIRONMENTAL CONCERN...
FOR EVERYONE?
Jesús Rodrigo-Comino
Physical Geography, Trier University, 54286 Trier, Germany

Nowadays, the scientific community is aware of the negative environmental impacts of soil
erosion on ecosystem services. Soil erosion is one of the most important causes of land
degradation because of its immediate influence of the most fertile topsoil parts. It is well-known
that questions related to who, what, why, where and when soil erosion causes negative impacts
must be considered by stakeholders and policymakers. However, why do the SDGs (Sustainable
Development Goals) tell anything about soil erosion? In this keynote, we will try to show the
importance to develop tools which can be used to assess soil erosion to obtain convincing results
for stakeholders and policymakers. According to this fact, we present some studies related to in
situ soil erosion measures and assessments of human perception and economical approaches. We
fully agree that these kinds of studies will greatly benefit the visibility, trust and diffusion of our
results. What do you think about this question? Let me know your opinion.
Keywords: Soil erosion; human activities; perception; Sustainable Development Goals
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LCIS DSS - An irrigation supporting system for efficient
water use in precision agriculture
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The sustainable management of water resources is one of the most important topics to face future
climate change and food security. Many countries facing a serious water crisis, due to both natural
and artificial causes. The efficient use of water in agriculture is one of the most significant
agricultural challenges that modern technologies. These last are considered powerful management
instruments able to help farmers achieve the best efficiency in irrigation water use and to increase
their incomes by obtaining the highest possible crop yield. In this context, within the project “An
advanced low cost system for farm irrigation support – LCIS” (a joint Italian Israeli R&D project),
a fully transferable Decision Support Systems (DSS) for irrigation support, based on three
different methodologies representative of the state of the art in irrigation management tools (WTens, in situ soil sensor; IRRISAT®, remote sensing; W-Mod, simulation modelling of water
balance in the soil-plant and atmosphere system), has been developed. These three LCIS-DSS
tools have been evaluated, in terms of their ability to support the farmer in irrigation management,
in a real applicative case study in Italy and Israel. The main challenge of a new DSS for irrigation
is attributed to the uncertain factors during the growing season such as weather uncertainty, and
crop monitoring platform. For encounter this challenge, we developed during two years the LCIS,
a web-based real-time DSS for irrigation scheduling using low-cost imaging spectroscopy for state
estimation of the agriculture system and probabilistic short- and medium-term climate forecasts.
While the majority of the existing DSS models are incorporated directly into the optimization
framework, we propose to integrate continuous feedback from the field (e.g. soil moisture, crop
water-stress, plant stage, LAI, and biomass) estimated based on remote sensing information. These
field data will be collected by the point-based spectrometer and hyperspectral imaging system.
Then a low-cost camera will be designed for specific spectral/spatial parameters (bound to the
required feedbacks). The main objectives were: developing real-time Decision Support System
(DSS) for optimal irrigation scheduling at farm scale for crop yield improvement, reducing
irrigation cost, and water saving; developing a low-cost imaging spectroscopy framework to
support the irrigation scheduling DSS above and facilitates its use in countries/places where
expensive imaging spectroscopy is not available; examining the developed framework in real-life
application, the framework will be calibrated evaluated using high resolution devices and tested
using a low-cost system in Israel and Italy farms.
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Mercury budget and scenario analysis for the Marano-Grado
Lagoon, using modelling and observations
Donata Melaku Canu, Ginevra Rosati and Cosimo Solidoro
OGS National Institute of Oceanography and Applied Geophysics

The Marano-Grado Lagoon (MGL) is extensively contaminated by mercury (Hg) from local
sources and long-term (500 years) tidally delivered inputs from the Idrija Hg mine (Slovenia)
through Isonzo River suspended loads. Mercury-polluted coastal sites, often become sites of
increased mercury methylation and act, in the long term, as secondary mercury sources for the
Mediterranean Basin. Methylmercury (MeHg) produced upon Hg methylation bioaccumulates and
biomagnifies in the trophic webs, and it is eventually transferred to humans via fish intake. We
implemented a dynamic model released by US-EPA (WASP-Merc7) to the MGL (North Adriatic
Sea, Italy) in order to assess the concentration of mercury species in water, sediment and
particulate, and to quantify the mercury fluxes and budget within the lagoon itself and between the
lagoon, the atmosphere and the Adriatic Sea. Furthermore, the model was used to simulate the
mercury long-term dynamics to estimate the recovery time for Hg in lagoon sediment (about 600
years) and to explore future scenarios of climate change and rivers capping. Still several gaps exist
in the knowledge on mercury species concentration and kinetics, the model results take also into
account the major sources of uncertainty.
Keywords: ,
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How different natural energy sources affect the shallow
geothermal suitability in urban areas: The South Africa case
study
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In recent years, the overall worldwide demand for energy has been increasing due to the constant
growth of both global population and industrialization, which is particularly intensifying in
emerging countries (China, India, South Africa, Brazil) and recently industrialized ones (i.e.
Mexico, Turkey). In this framework, the exploitation of shallow geothermal energy through heat
geo-exchange systems, as borehole heat exchangers (closed loop systems) or groundwater systems
(open loop systems) coupled with a heat pump (Ground Source Heat Pump - GSHP), is really
appealing, due to its versatility and energy efficiency. The heat exchanged with the underground, a
reliable and green thermal energy source, is used mainly for heating and cooling of residential,
industrial or commercial buildings and greenhouses. Several technologies are available and
combinations with other local renewable energy sources are also possible, representing very
interesting efficient and environmentally friendly solutions to be adopted in urban areas. The
integration of different natural energy sources brings significant advantages, such as the reduction
of CO2 emissions, the mitigation of the subsurface urban heat island effect, the minimization of
electricity consumption. However, the underground suitability to low enthalpy geothermal systems
is strictly related to the climatic, geological, hydrogeological, geothermal and thermophysical
properties, typical of the area under investigation. The evaluation of these parameters allows to
assess the amount of heat at disposal and the possibility to exchange it. On one hand, it is
necessary to select and collect the data related to the factors that better characterize the ground
behavior from the point of view of the heat exchange capacity. On the other, it is essential to
integrate them in thematic maps created by Geographic Information System (GIS) tools, providing
a preliminary evaluation of the territory suitability to geo-exchange and supporting the land use
geothermal management both for closed and open loop systems. A preliminary representation of
low-enthalpy geothermal resources suitability maps for Johannesburg, Durban and Cape Town, the
three main urbanized cities of South Africa, representing the geological and climatic national
variability of the country, is here presented. From a methodological point of view, these maps are
created by assigning to each value of the descriptive parameters selected (i.e. lithology, type of
aquifer, thermal conductivity, average annual air and ground temperature) a corresponding
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quantitative value, assessing its different attitude for thermal purposes. In this way, one of the first
contribution to the suitability of geothermal energy resources in South Africa is obtained.
Keywords: .
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UAS REMOTE SENSING PRODUCTS FOR SUPPORTING
EXTRACTION MANAGEMENT AND RESTORATION
MONITORING IN OPEN-PIT MINES
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Accurate mapping of open-pit mine areas is a prerequisite for the efficient resource management
of extractive companies, but also detailed mapping is a requirement for public administrations,
especially regarding the monitoring of restored areas. In previous works, our team has contributed
to a better knowledge of the use of Unmanned Aerial Systems (UAS) technologies for
soil/vegetation restoration monitoring purposes, and in this work, we present a novel protocol to
support combined interests of both private companies and governmental agencies. We introduce a
case study in which we show the capability of multispectral sensors onboard of a low-weight
multicopter to describe land cover typologies in restored areas (such as grass, scrubs, trees, topsoil
and mine spoils) by applying remote sensing and GIS techniques. Moreover, we assess the
capability of digital terrain models (Digital Elevation Model, Digital Surface Model, Digital Slope
Model) derived from photogrammetric techniques, to provide useful and fast topographic
information for the proper management of open-pit mine exploitation and restoration. By applying
these techniques, we present a cost-effective workflow adequate to monitor land cover dynamics
in restored areas, but also volumetric changes in stockpiles, waste dumps and extraction faces.
This combined approach, supporting both environmental and industrial needs, aims to enhance the
collaboration between sectors, establishing synergies, reducing costs by sharing knowledge, and
adding transparency to their relation.
Keywords:
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Exploiting sUAS, SfM-MVS and a topographic algorithm to
quantify the volume of sediments deposited in check dams
and understand its spatial variation
Alberto Alfonso-Torreño, Álvaro Gómez-Gutiérrez and Susanne Schnabel
Research Institute for Sustainable Land Development (INTERRA), University of Extremadura,
Spain

Check dams are structures used to mitigate soil erosion and desertification. These structures allow
to quantify the volume of material deposited. Unlike other more classical monitoring methods,
small Unmanned Aerial Systems (sUAS) provide high spatial resolution, ideal for estimating soil
erosion based on the volume of sediment deposited behind the dams. A sUAS combined with
Structure-from-motion photogrammetry (SfM) and MultiView-Stereo (MVS) were used to obtain
high resolution aerial photos and Digital Elevation Models (DEMs). A total of 269 check dams
were identified, from which 160 were suitable to quantify the deposited sediment volume in an
area of 239 ha in SW Spain over a period of 11 to 23 years. The main goal of this work is to
estimate the volume of sediments deposited in check dams and to study the spatial variability of
the accumulated sediments and its relationships with different environmental variables. The
methodology included five steps: 1) fieldwork that included flying the study area with a fixedwing sUAS to capture high-resolution aerial photographs and acquiring Ground Control Points
(GCPs) using a Global Navigation Satellite System (GNSS), 2) SfM photogrammetry processing
using the acquired images and the GCPs, 3) edition of the obtained point cloud and DEM to
represent the current topography and model the past soil surface, 4) estimating the volume of
sediments behind each check dam and 5) exploring the relationship between sediments and
different environmental variables. The total sediment volume trapped in the check dams was
424.15 m3 (0.141 m3 ha-1 y-1) ranging from 0 to 108.35 m3 for individual sites and resulting in an
average deposition of 0.133 m3 y-1 per check dam. The 77% of the check dams retained less than 1
m3 of sediment. A large spatial variability of the accumulated sediments within catchments was
observed. Large volumes of sediment were accumulated in the lower parts of the basins as
compared to the upper parts. The check dams with the highest sediment trapped were those located
in highly connected areas. Deposition rate was negatively correlated with drainage area,
connectivity, stream power index, upstream channel length and the number of upstream check
dams. On the contrary, deposition rate was positively correlated with channel slope. The
topographic position and the size of the dam wall played a fundamental role in explaining the
differences of total sediment accumulation as well as the deposition rates.
Keywords: .
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Impact of landscape attributes on surface water in the Tiber
River Basin (Central Italy)
1

Caterina Gozzi, 2Vasilis Dakos, 3Sebastiano Trevisani, 4Antonella Buccianti, 4Roberta Sauro
Graziano, 4Orlando Vaselli and 5Barbara Nisi

1

University of Pisa, Department of Earth Sciences, Pisa, Italy
ISEM, CNRS, Université de Montpellier, EPHE, IRD, Montpellier, France
3
University IUAV of Venice, Venezia, Italy
4
University of Florence, Department of Earth Sciences, Firenze, Italy
5
CNR-IGG Institute of Geosciences and Earth Resources, Firenze, Italy
2
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River catchments are highly complex systems characterized by several properties such as selforganization, multi-scale variability, hydraulic and topographic gradients, patchiness and
heterogeneity, resilience and a hierarchical structure. These features, coupled with several
geomorphological, anthropogenic and climatic drivers, are expected to influence the surface water
composition over different temporal and spatial scales. The knowledge of these complex interlinks
plays a key role in both river basin management and predictability to potential pollution events.
Nevertheless, due to the considerable amount of factors involved in the analysis, the unique
combination of attributes characterizing each catchment and the lack of data at an adequate scale,
it still remains unclear which of the environmental parameters have a major influence on the water
chemistry. In this work, the hierarchy of the variability in the chemical composition of 160 water
samples collected in 2017 throughout the Tiber River Basin, the largest catchment in Central Italy
(17,156 km2), was explored. The results obtained by using advanced statistical methods, including
the Compositional Data Analysis, highlighted different sources of variability linked to the
geological (low variability) and anthropogenic origin (high variability) of the main solutes.
Furthermore, for each sampling site, the corresponding watershed was calculated from the Digital
Terrain Model using a Geographical Information System-based elaboration. The aim was to
evaluate the relationships between the landscape morphological properties of the watersheds, such
as elevation, drainage area, slope or other morphometric indexes and the physical-chemical
parameters of the river waters on the basis of different geological and topographical settings of the
basin. The outcomes proved to be particularly useful to discriminate between water chemistry
mainly influenced by surface run-off processes and that affected by ground water circulation.
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Slope and groundwater monitoring for 3D numerical
modelling to ensure the structural health of an alpine road
tunnel crossing an active rock slide
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Railways and roads frequently cross natural corridors like alluvial plains and alpine valleys. Here,
structures and infrastructures can be affected by natural hazards such as floods and landslides. In
some cases, the design has disregarded the possible interactions between slope processes and
linear infrastructures.
This work summarizes a 20-year long research comprising monitoring and laboratory data, field
investigations and numerical modelling about an active 25-million m3 rock block slide threatening
the functioning of a highway tunnel in the Eastern Italian Alps, along the Tagliamento River
Valley. The effectiveness of 3D geotechnical and hydrogeological numerical modelling calibrated
on long-term monitoring datasets in planning countermeasures for landslide risk mitigation is
demonstrated.
A correlation between rapid snowmelt and/or extreme rainfall events and landslide activity is
found. Moreover, monitored stream and spring discharges, together with seepage along the tunnel,
appear to be strictly related to the displacements measured by GNSS and in-place inclinometers. In
particular, the landslide accelerates once the threshold of 20 L/s in the tunnel seepage discharge is
overcome. The continuous monitoring of specific electrical conductivity in five points allows
tunnel discharge to be characterized. Identifying two type of groundwater circulation, one deeper
and one perched, developing during extreme event. These facts clarify the role played by rainfall
infiltration and groundwater flow in the fractured rock mass in promoting slope movements and
damage in the tunnel lining.
Based on these observations, two different 3D codes are used for groundwater flow simulation
(FEFLOW by DHI-WASY) and stress and strain analysis (FLAC3D by ITASCA). The actual
conditions of the slope and the possible countermeasures have been simulated. In FEFLOW, the
Equivalent Porous Medium (EPM) approach is adopted with a model domain of 8-km2 including
the landslide and the infrastructures. In FLAC3D, the properties of the sliding surface are reduced
to simulate the wetting caused by the rising of groundwater level in the fractured rock mass during
the snowmelt or rainfall events.
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A 300-m long extension of an already existing T-shape drainage tunnel is analyzed. The simulated
countermeasure work induces a lowering of the groundwater level in the rock mass; consequently
the reduced geotechnical properties have to be applied to a smaller section of the slip surface,
resulting in a decrease of displacements. Even though the stabilizing effect is not definitive,
mainly because of the volume of the unstable slope, the extension of the drainage tunnel reduces
both the intensity and the duration of the water seepage into the tunnel with direct benefits for the
tunnel serviceability.
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Small-scale landslide susceptibility assessment. The case
study of the Silk Road Disaster Risk Reduction
1

Giacomo Titti, 2Lisa Borgatti, 3Qiang Zou, 3Peng Cui and 4Alessandro Pasuto

1

Department of Civil, Chemical, Environmental and Materials Engineering, ALMA MATER
STUDIORUM University of Bologna, Bologna, Italy AND Research Institute for GeoHydrological Protection, National Research Council of Italy, Padova, Italy
2
Department of Civil, Chemical, Environmental and Materials Engineering, ALMA MATER
STUDIORUM University of Bologna, Bologna, Italy
3
Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu, China
4
Research Institute for Geo-Hydrological Protection, National Research Council of Italy, Padova,
Italy

One of the prioritized project of the Belt and Road Initiative is the Silk Road Disaster Risk
Reduction. The main aim of the project is to investigate natural hazards affecting Central Asia and
Europe in order to understand their evolution and support the spatial planning related to the new
infrastructures designing prevention and mitigation measures.
The landslide susceptibility zoning is a common practice for land-use planning and environmental
impact assessment. Considering the susceptibility as part of the hazard zoning work-flow, a multiscale (multi-Tier) landslide susceptibility assessment has been carried out and the results are
illustrated in this work. Starting from the continental (Tier 1) up to the regional analysis (Tier ? 2),
the most susceptible areas have been defined to be exploited by successive zoning. Once the most
susceptible areas at a regional scale are detected, the hazard zoning can be assessed.
In the literature, the landslide susceptibility at continental or global scale has seldom been
evaluated. The complexity of the analysis is strictly related to the extension of the study area: the
smaller the scale, the higher the complexity of the analysis. Moreover, coordination issues between
people and local governments, lack of data due to the absence of strategies for hazards and risk
mitigation and data heterogeneity significantly affect the results and forces to find new and
innovative solutions from the scientific point of view.
In this framework, the Tier 1 landslide susceptibility of the southern Asia has been investigated. It
represents the first application of the proposed approach. The results reveal a promising prediction
capacity of the method which will be applied to the rest of the Belt and Road study area. The
limits, and potentialities of a continental landslide susceptibility are here described.
The uncertainty which affect the results of the Tier 1 assessment is mainly related to the lack of
consistent data, especially, a global and reliable landslide inventory. However, the Tier 1 landslide
susceptibility map has the role to give an overview of the entire study area and to provide the
definition of the most landslides prone areas. The method adopted for the analysis is statisticallybased and all the resources (software, libraries and data) are open-source. In order to support the
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reproducibility of the results, a new QGIS tool for statistical analysis has been developed. The
Weights of Evidence method has been already implemented, whereas other methods will be coded
during further activity.
Keywords: .

154

TERRAENVISION Abstracts
Vol. 1, TNV2019-TOOLS-2054, 2019
© Author(s) 2019. CC Attribution 3.0 License
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Emerging infectious diseases (EIDs) of trees have rapidly increase during the last 20 years due to
modern socio-economic factors such as global timber trade and international travelling [1], [2].
Currently, the most dominant EIDs affecting the European forests are the ash dieback [1], the
Xylella Fastidiosa [3] and the acute oak decline (AOD) [4]. AOD is a bacterial infection that can
lead to tree mortality within 3-5 years [4] and has rapidly spread in the United Kingdom since its
first outbreak in 2012 [5]. Monitoring modern EIDs such as AOD requires new forestry
approaches and modern detection schemes [2]. To this effect, ground penetrating radar (GPR) has
been suggested as a diagnostic tool against AOD [5]. GPR is a non-destructive method that has the
potential to detect tree-decay in a non-intrusive manner [5]. Commercial common-offset (CO)
GPR systems are easily accessible and trivially deployable in the field. In addition, CO-GPR
requires minimum computational and operational requirements. The above makes CO-GPR an
appealing detection method for AOD especially for large-scale forestry applications [5]. The most
mainstream symptom of AOD is the formation of liquid-filled chambers parallel to the main axis
of the trunk [4]. The liquid-filled chambers occur predominantly between the outer sapwood and
the bark. In late stages of AOD, the decay extent to the outer bark creating visible “bleeding”
patches with a characteristic black colour [4]. In the current paper, we examine the capabilities of a
high frequency CO-GPR system in detecting tree-decay associated with AOD, i.e. in detecting
small shallow liquid-chambers within the trunk. In this context, a detection framework based on
measurements collected around the circumference of the trunk is proposed [5]. First, data are
accurately positioned using an arc-length parameterisation [5]. The ringing noise and the unwanted
clutter are removed effectively using the singular value decomposition (SVD) method [5].
Subsequently, a reverse-time migration is applied to the filtered data in order to collapse the
hyperbolas to their origins. The finite difference time-domain (FDTD) method is used to backpropagate the received reflections. The velocity of the medium is assumed to be homogenous and
the permittivity is evaluated using auto-focusing criteria [6]. Lastly, the migrated images are
smoothed using a Gaussian blur filter and subsequently squared to further enhance the resulting
signal. The viability of the suggested scheme has been proven successfully with numerical,
laboratory and on-site tests, indicating that GPR is a commercially appealing methodology for
diagnosing early symptoms of AOD.
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The monitoring of restoration and forestation is essential to reduce future drought and flood risk as
well as ongoing carbon sequestration projects in Iceland. This is especially relevant for Iceland’s
efforts to become carbon neutral by 2040. Such a monitoring can be done by using the state-of-art
remote sensing technology, using remotely sensed data and digital mapping approaches. The
LanDeg project will use free Geographic Information System (GIS) and Remote Sensing (RS) data
to map soil degradation, restoration and ongoing forestation efforts to assess carbon sequestration.
For this purpose, we will validate GIS and RS data analysis with GPS field mapping of vegetation
and soil cover in a restored area in southern Iceland. The validated GIS and RS analysis will be
used to assess restoration efforts and trends in vegetation cover in the area. Subsequently, the
changes in the vegetation cover will be used to assess the carbon sequestration rate. Based on these
results we will identify best-restoration and carbon sequestration practices.
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The Mediterranean region has experienced substantial changes over the centuries. Persistent hydroclimatic trends have prevailed over the region and have particularly intensified during the recent
decades [1]. Extreme events of the recent past have been characterized as exceptionally severe,
with their spatial extent and severity placed at the upper bounds of natural long-term variability of
the past few centuries. At the same time, climate projections indicate that, given the current
emission pathway, the target of limiting global warming to well below 2 ºC becomes increasingly
difficult to achieve and makes a much more substantial warming increasingly plausible. By
examining changes in future freshwater vulnerability, it is foreseen with a high probability that the
Mediterranean will be among the regions with the largest increase in freshwater vulnerability
considering high-end climate change [2]. This is a combined result of a relatively high sensitivity
to water stress, a varying level of adaptation capacity between the Mediterranean surrounding
countries and an increased exposure, as simulated by a set of high-resolution global climate
models. The increase in exposure is mostly attributed to reduced water availability as a result of
decreased precipitation, increased temperature and evaporative demand, and lower levels of runoff
and soil water resources.
Under the prospect of a dryer future and rising water demand, a prior knowledge of precipitation
and temperature anomalies, available a few months ahead could be a key information supporting
drought risk assessment and management. The introduction of hydro-meteorological forecasts in
local water management can facilitate operational climate service applications at the local scale
[3]. Based on precipitation and temperature hindcasts from the European Centre for MediumRange Weather Forecasts (ECMWF) System 4 and Met Office GloSea5 systems, a prototype
drought decision support system (DDSS) has been developed for supporting the sustainable water
resources management over the Messara valley in Crete, Greece, by providing forecasts up to
seven months ahead [4]. A demonstrator of the DDSS tool is hosted at www.imprex.gr providing
tailored probabilistic hydro-meteorological forecasts.
[1] Cook, B. I. et al. J. Geophys. Res. Atmos. 121, 1–15 (2016)
[2] Koutroulis, A. G. et al. Glob. Planet. Change (2019)
[3] Koutroulis, A. et al. Earth Perspect. 2, 1–19 (2015)
[4] Grillakis, M. et al. Water (Switzerland) 10, (2018)
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Rumex obtusifolius (R. obtusifolius) is one of the most common non-cultivated weed in European
grasslands. Its broad-leaved and wide-spread nature make this weed competitive with the native
pasture species reducing grass yield (van Evert et al., 2010), while its oxalic acid content makes
this species poisonous for livestock if large doses are consumed (Hejduk and Doležal, 2004).
Therefore, early removal is preferred especially in organic dairy farms or conservation areas where
mass spraying is prohibited. Remote sensing and airborne technologies offer fast and efficient
support in environmental monitoring allowing early detection of invasive species, yet current
studies mostly rely on object-based image analysis (OBIA) and proprietary software to perform
weed classification that require substantial human inputs. In this work, an open source workflow
for automatic weed detection using unmanned aerial vehicle (UAV) RGB-imagery of native
grassland had been developed using deep learning techniques, based on a previously developed
OBIA approach (Lam et al., 2019). During the study, DJI Phantom 3 and 4 Pro were used for data
acquisition throughout the vegetation period in 2018 and early 2019 at a nature conversation area
in North Rhine-Westphalia, Germany. Images were processed using OpenDroneMap to produce
orthomosaics. OBIA methods were then performed using Python and QGIS to assist the data
labelling process for training a convolutional neural network (CNN), which was later used as an
image classifier. Preliminary results of the proposed workflow achieved an overall accuracy of
93.8% and had demonstrated the capability in mapping R. obtusifolius in datasets collected at
various flight altitudes, camera settings and light conditions. This shows the potential of
developing a repeatable and robust system for semi- or fully-automated early weed detection in
grassland using UAV-imagery. Acknowledgements This work is part of the SPECTORS project
with project number 143081, which is funded by the cooperation program INTERREG
Deutschland-Nederland. The authors would like to acknowledge the support of Wageningen
University & Research in the collection of field data. References Hejduk, S., & Doležal, P.
(2004). Nutritive value of broad-leaved dock (Rumex obtusifolius L.) and its effect on the quality
of grass silages. Czech Journal Of Animal Science, 49(No. 4), 144-150. doi: 10.17221/4292-cjas
Lam, O. H. Y., Melville, B., Dogotari, M., Prüm, M., Vithlani, H. N., Roers, C., Becker, R.,
Zimmer, F. (2019). Paper presented at the 39th Annual EARSeL Symposium, Salzburg, Austria.
Abstract
retrieved
from
http://symposium.earsel.org/39th-symposium-Salzburg/wpcontent/uploads/2019/07/EARSeL-2019-Book-of-Abstracts-Print.pdf van Evert, F., Samsom, J.,
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SPECTORS - "Sensor products for companies creating technological opportunities for airborne
remote sensing" - is a project on civilian applications with drones. The international cooperation
project with more than 30 partners from small and medium-sized enterprises (SMEs), the public
sector and research institutions aims at economic development in the border region Netherlands Germany. It is financed by INTERREG-V-A Germany-Netherlands, a strong instrument of the
"European Regional Development Fund".
In order to achieve the politically initiated economic development goals of the European Union,
the entire project is completely tailored to support SMEs in product innovation and development,
which is realised in interdisciplinary and cross-disciplinary cooperation between the Dutch and
German partners.
In cooperation with our partners Oost NL and RheWaTech we use the instrument of the Business
Model Canvas. With this model, we build up the current development status of the individual
business model in joint meetings with companies and potential users from the market. The focus is
on customer proximity, so that in many cases it is possible to convert the first technical ideas into
marketable products in the further course of the project. The project started with a large scope for
development, only 11 product groups were determined by key topics. SPECTORS covered a wide
range of civil drone applications, such as environmental and nature conservation, agriculture,
surveying, hyperspectral remote sensing, surveillance, cloud computing and artificial intelligence.
The extensive cooperation of the last three years has resulted in a cross-border competence
network, which already provides many companies and users in the region with uncomplicated and
direct access to the diverse applications of drones in the civilian sector.

Keywords: SPECTORS, international cooperation project, civilian applications with
drones,tailored to support SMEs, environmental and nature conservation, agriculture, surveying,
hyperspectral remote sensing, surveillance, cloud computing and artificial intelligence
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Development of a UAV-Borne LiDAR system for surveying
applications
Marcel Dogotari, Moritz Prüm, Olee Hoi Ying Lam, Hemang Narendra Vithlani, Viet Hung Vu
and Rolf Becker
Hochschule Rhein-Waal

A high-resolution UAV-borne LiDAR system with a Velodyne VLP16-Lite at its core is
developed for surveying applications. The LiDAR unit is combined with a high-end IMU-GNSS
solution for direct georeferenceing and a single-board computer for data acquisition. Hardware and
software solutions are developed for system integration. Moreover, a mechanical mount for
isolating the sensitive components of the system from the UAV’s high-frequency vibration is built
and evaluated. System architecture and preliminary results are presented. Acknowledgements
This work is part of the SPECTORS project with project number 143081, which is funded by the
cooperation program INTERREG Deutschland-Nederland. The authors would also like to thank
the staff of Planungs- und Vermessungsgesellschaft ANSPERGER mbH for their support in
defining a use case for the developed system.
Keywords: lidar, system integration
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Spatial and temporal characteristics of surface water resources (e.g., extension, connectivity,
seasonality) are key elements in water allocation, climate and hydrological regulation, ecosystem
functioning, and the food-energy-water nexus. Changes in surface water area due to losses/gains to
land could strongly affect these processes at different scales. Previous findings on changes in the
Earth’s surface water area are contradictory. Based on water-land year classification datasets, we
estimated global surface water area changes between 1985-2000 and 2001-2015. We found a net
global gain in surface water of 100,454 km2, attributable to a large net gain in seasonal water
(83,329 km2) and a small net gain in permanent water (17,125 km2). In general, net changes were
highly heterogeneous in space, with local exceptions of clear drying and wetting trends for e.g.,
the Aral Sea and Quill Lakes, respectively. These findings raise multiple questions on why
seasonal water gains dominate and how different intertwined drivers (e.g., hydroclimate and
human-induced water-land use changes) shape the distribution of the Earth’s surface water.
Understanding these long-term changes is essential in predicting water-related pressures and
prioritizing management decisions.
Keywords:
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Shallow landslides are very dangerous phenomena, widespread all over the world, which could
provoke significant damages to buildings, roads, facilities, cultivations and, sometimes, loss of
human lives. It is then necessary assessing the most prone zones in a territory which is particularly
susceptible to these phenomena and the frequency of the events, according to the return time of the
triggering events, which generally correspond to intense and concentrated rainfalls. Susceptibility
and hazard of a territory are usually assessed by means of physically-based models, that quantify
the hydrological and the mechanical responses of the slopes according to particular rainfall
amounts. Whereas, these methodologies could be applied in a reliable way in little catchments,
where geotechnical and hydrological features of the materials affected by shallow failures are
homogeneous. Moreover, physically-based models require, sometimes, significant computation
power, which limit their implementations at regional scale. Data-driven models could overcome
both of these limitations, even if they are generally built up taking into only the predisposing
factors of shallow instabilities. Thus, they allow usually to estimate the susceptibility of a territory,
without considering the frequency of the triggering events. It is then required to consider also
triggering factors of shallow landslides to allow these methods to estimate also the hazard. This
work presents the preliminary results of the development and the implementation of data-driven
model able to estimate the hazard of a territory towards shallow landslides. The model is based on
a Genetic Algorithm Model (GAM), which links geomorphological, hydrological, geological and
land use predisposing factors to triggering factors of shallow failures. These triggering factors
correspond to the soil moisture content and to the rainfall amounts, which are available for entire a
study area thanks to satellite measures. The methodological approach is testing in different
catchments of 30-40 km2 located in Oltrepò Pavese area (northern Italy), where detailed
inventories of shallow landslides occurred during past triggering events and corresponding satellite
soil moisture and rainfall maps are available. This work was made in the frame of the
ANDROMEDA project, funded by Fondazione Cariplo.
Keywords: shallow landslides, remote sensing, data-driven models, rainfall, hazard
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Applicability of Remote Sensing Workflow in Kubernetesmanaged On-premise Cluster Environment
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The acquisition, storage, and processing of huge amounts of data and their fast analysis to generate
information is not a new approach, but it becomes challenging through smart decision-making on
the choice of hardware and software improvements.
In the specific cases of environment protection, nature conservation, and precision farming, where
fast and accurate reactions are required, drone technologies with imaging sensors are of interest in
many research groups. However, post-processing of the images acquired by drone-based sensors
such as the generation of orthomosaics from aerial images and superimposing the orthomosaics on
a global map to identify the exact locations of interested area are computationally intensive and
sometimes takes hours or even days to achieve desired results.
Initial tests have shown that a photogrammetry software takes less time to generate an orthomosaic
by running them on a workstation with higher CPU, RAM and GPU configurations. Setting up the
application environment with dependencies and making this setup portable can be challenging,
especially for small-and-medium-sized enterprises who have limited resources in exploring
different architectures. To enhance the competitiveness of the small and medium-sized enterprises
and research institutions, the accessibility of the proposed solution includes the integration of opensource tools and frameworks such as Kubernetes and OpenDroneMap enabling a reference
architecture that is as vendor-neutral as possible.
In this project, we decided on the on-premise cluster computing approach for fast and efficient
photogrammetry process using open source software such as OpenDroneMap combined with lightweight containerization techniques such as Docker and orchestrated by Kubernetes.
The services provided by OpenDroneMap enable microservice-based architecture. These containerbased services can be administered easily by a container orchestrator like Kubernetes. After setting
up the servers with core OpenDroneMap services on our container-based cluster with Kubernetes
as the orchestrator engine, we plan to use the advantages of Kubernetes' powerful management
capabilities to help maximize resource efficiency as the basis for creating Service Level
Agreements to provide a cloud service.
This work is part of the SPECTORS project with project number 143081, which is funded by the
cooperation program INTERREG Deutschland-Nederland.
Keywords: Remote Sensing, Cluster Computing, Orthomosaic, OpenDroneMap, Kubernetes
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Agricultural cropping systems and experiments include complex interactions of processes and
various management practices and/or treatments under a wide range of environmental and climatic
conditions. The use of standardized formats to monitor and document these systems and
experiments can help researchers and stakeholders to efficiently exchange data, promote
interdisciplinary collaborations, and simplify modelling and analysis procedures.
In the scope of the SoilCare Horizon 2020 project monitoring and assessment Work Package, an
integrated scheme to collect, validate, store, and access cropping system information and
experimental data from 16 study sites, was created. The aim of the scheme is to make the data
readily available in a way that information is useful, easy to access and download, and safe,
relying only open source software.
The database design considers data and metadata required to properly and easily monitor, process
and analyse cropping systems and/or agricultural experiments. The scheme allows for the storage
of data and metadata regarding the experimental set-up, associated people and institutions,
information about field management operations and experimental procedures which are clearly
separated for making analysis procedures faster, links between system components, and
information about the environmental and climatic conditions. Raw data are entered by the users
into structured spreadsheet. The quality is checked before storing the data into the database.
Providing raw data, allows processing and analysing as each other user needs. A desktop import
application has been created to upload the information from spreadsheet to database, which
includes automated error checks of relationship tables, data types, data constraints, etc. The final
component of the scheme is the database web application interface, which enables users to access
and query the database across the study sites without the knowledge of query languages and
download required data.
For this system design, PostgreSQL is used for storing the data, pgAdmin 4 fordatabase
management administration , MongoDB for user management and authentication, Python for the
development of the import application, Angular and Node.js/Express for the web application and
compatible with LibreOffice Calc spreadsheets.
The system is currently tested with data provided by the SoilCare Study Sites. Preliminary testing
indicated that extended quality control of the spreadsheets required from the system’s
administrator to meet the standards and restrictions of the import application. Initial comments
from the users indicate that the database scheme even if initially seems complicated, it includes all
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the variables and details required for a complete monitoring and modelling of an agricultural
cropping system.
Acknowledgments
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Project SoilCare, grant agreement 677407. The authors acknowledge the SoilCare partners for
providing comments and input on the database scheme structure.
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Interactions between soil and rainfall plays a vital role in ecological, hydrological and
biogeochemical cycles of land. Among those interactions, the phenomenon of rainfall induced soil
erosion is crucial to the soil functions, as it affects the soil structure and organic matter content that
subsequently affects soil ability to hold moisture and nutrients. The erosive power of a specific
rainfall event is regulated by its intensity and total duration. Various methodologies have been
developed and tested to estimate the rainfall erosivity in different hydroclimatic regions and using
different rainfall measuring timescales. Studies have shown that high temporal resolution
measurements provide a more robust erosivity estimation. Nonetheless the sparsity and scarcity of
such high temporal resolution data make the accurate estimation of rainfall erosivity difficult.
Here, we compare different erosion power estimation methods based on different rainfall
timescales for the island of Crete. Sub-daily (30-minute) rainfall data based estimation is used as
the basis for the assessment of a daily data based estimation methodology and two different
methods that use monthly rainfall data. Modified Fournier Index (MFI) is incorporated in the study
through different literature approaches and a regression equation is developed between rainfall
erosivity power and MFI index for Crete. Results indicate that the use of daily data in the rainfall
erosive power estimation is a good approximation of the sub-daily estimation, while formulas
based on monthly rainfall data tend to exhibit larger deviations.
Acknowledgments: This research has received funding from the Hellenic Foundation for
Research and Innovation (HFRI) and the General Secretariat for Resarch and Technology Hellas
under agreement No 651.
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Studying land use and land cover spatial patterns distribution
in Crete, Greece with means of satellite remote sensing
Dimitrios Alexakis and Christos Polykretis
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Multi-temporal Land use and Land cover (LULC) monitoring is a crucial parameter for assessing
an area’s landscape ecology regime. LULC changes can be effectively used to describe dynamics
of both urban or rural environments and vegetation patterns as an important indicator of ecological
environments. In this context, spatial land use properties can be quantified by using a set of
landscape metrics. Landscape metrics capture inherent spatial structure of the environment and are
used to enhance interpretation of spatial pattern of the landscape. This study aims to monitor
diachronically the LULC regime of the island of Crete, Greece with the use of Landsat satellite
imageries (Landsat 5, Landsat-7 and Landsat-8) in terms of soil erosion. For this reason,
radiometric and atmospheric corrections are applied to all satellite products and unsupervised
classification algorithms are used to develop detail LULC maps of the island. The LULC classes
are developed by generalizing basic CORINE classes. Following, various landscape metrics are
applied to estimate the temporal changes in LULC patterns of the island. The results denote that
the diachronic research of spatial patterns evolution can effectively assist to the investigation of
the structure, function and landscape pattern changes.
Acknowledgments: This research has received funding from the Hellenic Foundation for
Research and Innovation (HFRI) and the General Secretariat for Research and Technology Hellas
(GSRT) under Agreement No 651.
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Gully erosion in valley bottoms is a frequent process with negative consequences in the dehesa
environment. Soil loss, decrease of soil and descend in biomass are among the negative aftereffect
of gully erosion processes. Studies conducted in agrosilvopastoral systems described the dynamics
of gullied channels by means of fixed topographic cross sections or with low spatial resolution
Digital Elevation Models (DEMs). Currently, high spatial and temporal resolution DEMs can be
produced with spatially distributed information due to the development of new systems, platforms
and sensors. Additionally, the rainfall and sediment discharge could also be monitored. This
control allows us to relate gully erosion with catchment hydrology. The goals are (1) to quantify
the sediment budgets by the spatio-temporal distribution of erosion and / or deposition in the
gullied channel, (2) to interpret the geomorphic processes driving erosion and deposition and (3) to
analyze the relationship between the morphological change and the catchment runoff and the
sediment load. The studied area is a gullied channel located in the SW Iberian Peninsula and
developed over a recent sedimentary deposit. The channel reaches an extension of 1 km in length
and 2 m in depth. The methodology included the following steps: 1) flying the same study area
with different time periods using a fixed-wing small Unmanned Aerial System (sUAS) to capture
high-resolution aerial images and surveying Ground Control Points (GCPs) using a GNSS, 2)
Structure-from-Motion photogrammetry processing using the acquired images and the GCPs to
produce high-resolution DEMs for each date, 3) Applying the DEMs of difference approach to
estimate topographic changes and to quantify the sediment budget and finally 4) analyzing the
relationship between rainfall events, discharge, sediment load and changes in the channel
previously estimated. Resulting DEMs and orthophotographs showed a Ground Sampling Distance
of 0.02 m with a georeferencing Root Mean Square Error of 0.03 m. A spatially variable threshold
(to differentiate actual geomorphic change from noise or errors) was produced using a Fuzzy
Inference System and considering photogrammetric errors, slope and vegetation as factors. The
applied method proved to be suitable to interpret the geomorphic changes for the gullied channel.
For the 2016-2018 period, the gully showed a positive balance indicating accumulation of
sediments coming from the hillslopes of the catchment. It is the period with the highest rainfall
when numerous events generated runoff. On the contrary, for the period 2018-2019 a total soil loss
of -119 m3 was estimated.
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The use of Unmanned Aerial Systems (UAS) has increased in the last years. The emergence of lowcost UAS and the improvements of their sensors have contributed to widen the application fields
of these systems thus making them more attractive for enterprises. Image mosaicking consists of
stitching together multiple images of an area of interest in order to achieve a wider comprehensive
field of view, making it suitable for mapping and monitoring tasks of large areas. However, most
of the current solutions take several hours as they match all the images between each other in order
to determine the perspective transformation of the section to stitch. Additionally, achieving the
minimum percentage of overlap between images that some algorithms require is not always
possible due to external factors and may lead to undesired results. Therefore, achieving a faster
reconstruction of the area of interest can help to assess the mission coverage and make decisions
on the flight.
In this work, a soft real-time mosaicking is proposed. The main goal is to reduce the processing
time of the mosaicking by taking advantage of additional information provided by the navigation
sensors of the UAS at capture time. After reducing the dimensions of the incoming new frame, its
features are detected and matched with those of adjacent frames in a region of interest (ROI)
instead of using the whole set of images for the feature matching, improving computational time
and making the algorithm more robust to non-overlapping areas. Outliers are eliminated using
random sample consensus (RANSAC) and the homography relating the frames is calculated and
stored in an array. A translation is added to the projected image and the minimum bounding box of
this projection is found to reduce the number of undesired artifacts. The projected image is then
stitched incrementally to the partial result. The proposed algorithm is tested using imagery of
agricultural fields taken from a UAS flight mission and its performance in terms of execution time
and quality of the reconstruction is discussed.

Keywords: image mosaicking, image stitching, aerial imagery, soft real-time
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Heat development in landfill cells due to the biodegradation
processes of waste materials
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According to the available literature, heat is generated during both the aerobic and anaerobic
phases of the biodegradation processes of organic waste in landfill cells. Also, waste degradation
temperatures are limiting to landfill stabilisation processes. With increased temperatures,
degradation rates also increase, which in turn could be explained by the increased activity level of
micro-organisms at these temperatures. Heat development (temperature) therefore remains an
important factor to be monitored in landfill site and in particular during the aerobic and early
anaerobic phases of the stabilisation process. It is important to emphasise that there are rather
limited temperature monitoring data available on full-scale landfills. Most reliable methods require
the installation of sacrificial thermistors which involves complex and sophisticated field
procedures. Due to cost of equipment, the complications of installation and monitoring, and the
care required during waste filling and compaction, the measurement of heat development in cells
is not commonly monitored. This paper presents the full preparation and installation process for 12
thermistors in a landfill cell of depth of 12 m together with the installation of an accessible data
logger (three thermistors installed at 4 m intervals vertically in a cell). The paper reports on the
challenges encountered when choosing materials, and those encountered during equipment
installation, monitoring and data collection, and waste compaction in cells during the installation.
The results are presented in a comprehensive and effective manner. Furthermore, the paper reports
on measuring an astounding heat elevation of up to 90 °C and presents the heat profile of the cell
over a period of more than one year.
Keywords: Landfill, Stabilisation, Heat Development, Temperature, Bio-degradation
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Soil Moisture and Temperature Induced Facilitation of
Urban Endogean Fauna in Two Shrub Hedges
Irini Christoforidi, Dimitrios Kollaros and Ioannis Daliakopoulos
Department of Agriculture, Hellenic Mediterranean University, Greece

As the most important type of public green space, parks are crucial for delivering a wide range of
ecosystem services that contribute to the well-being of urban residents. Nevertheless, the criteria
for selecting vegetation structure and composition within urban parks is often limited to their
ornamental value. Here, park hedges of Pittosporum tobira (Japanese pittosporum) and Rhamnus
alaternus (Mediterranean buckthorn) are compared for their effectiveness in soil temperature and
soil moisture regulation in support of soil fauna, thus contributing to lifecycle maintenance,
habitat, and gene pool protection ecosystem services. The adjacent hedges, located in the gardens
of the Hellenic Mediterranean University, were monitored for soil moisture, temperature, and
fauna for a period of 6 months. For each hedge, soil temperature and water at 5 cm below ground
were measured (N=3). Measurements showed that, during temperature extremes, soil under R.
alaternus had a higher buffering capacity for temperature than that under Pittosporum, staying over
2.5 oC warmer during cold periods and over 3.5 oC cooler during warm periods. During the dry
season, R. alaternus also retained soil moisture with higher minimum (0.08 versus 0.04 m3/m3)
and average values (0.11 versus 0.07 m3/m3) than under Pittosporum. Berlese-Tullgren funnels
and pitfall traps were used for capturing endogean fauna and bigger invertebrates, respectively.
Invertebrates extracted during 3 samplings were identified mainly at the level of order with the
most abundant taxonomic groups being slugs and seven arthropod taxa. The Shannon Index values
revealed that the biodiversity of the fauna collected in pitfalls under R. alaternus was 1.2 times
higher than that collected under Pittosporum. Specimens from funnels were also more abundant,
with soil under R. alaternus showing a biodiversity 3 times higher than that under P. tobira.
Results indicate that, in arid environments, R. alaternus urban park hedges may offer additional
ecosystem services than P. tobira by providing more sustainable biodiversity hubs.
Keywords: Collembola, Japanese pittosporum, Mediterranean buckthorn, park hedge, soil
temperature, soil moisture
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Development and Preliminary Results from the Testbed
Infrastructure of the DRIP Project
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Striving to tackle a common water resources scarcity problem, the DRIP Project aims to develop a
state-of-the-art integrated system that will optimize tree crop irrigation [1]. To this end, we have
developed 5 free lysimeters measuring 3 m in height and 3 m in diameter, each with a total
effective volume of ca. 20 m3. Lysimeters were planted with 5 10-year-old olive trees, including
their root ball to a depth of 1 m, monolithically transplanted from the experimental olive orchard
of the Hellenic Mediterranean University. The remaining volume was layered with soil from the
same source and a gravel filter to allow leaching. Each lysimeter is equipped with IoT sensors
relevant to the modeling of the soil-plant-water system; 12 measuring soil moisture, temperature,
and electrical conductivity and one measuring leachate flow. Additionally, meteorological
parameters are monitored for the entire infrastructure. Sensors provide real time data to on on-line
system through a network of 15 telecommunication nodes that together with an edge-gateway
form a local wireless 6LoWPAN mesh network, thus implementing a state-of-the-art Internet of
Things (IoT) system. Experimental data collected from the lysimeters is used to model water
movement using the HYDRYS 2D/3D model. Modeling output will be used for the development
the commercial DRIP system, an advanced irrigation scheduler for the harsh conditions of the
agricultural environment that takes feedback from environmental sensors. References [1] Petousi,
I., Daliakopoulos, I.N., Matsoukas, T., Zotos, N., Mavrogiannis, I., Manios., T. 2018. DRIP:
Development of an Advanced Precision Drip Irrigation System for Tree Crops. TerraEnVision
Conference, Barcelona, Spain, January 29-February 2, 2018. Acknowledgements This research
has been co-financed by the European Union and Greek national funds through the Operational
Program Competitiveness, Entrepreneurship and Innovation, under the call RESEARCH-CREATEINNOVATE (project code: T1EDK-03372)
Keywords: Smart agriculture, Internet of Things, lysimeter, HYDRUS, soil moisture

177

TERRAENVISION Abstracts
Vol. 1, TNV2019-TOOLS-2193, 2019
© Author(s) 2019. CC Attribution 3.0 License

Soil Water Balance and Vegetation Dynamics in a Semi-arid
Mediterranean Ecosystem
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Under arid conditions, where water availability is the limiting factor for plant survival, water
balance models can be used to explain vegetation dynamics. Here we analyze for the first time
measurements from the precipitation exclusion experiment of the CASCADE Project [1] study site
of Messara Valley, in Crete, Greece. The site is located in a marginal grazing land of patchy
macchia vegetation on the fringe of the most important agricultural region of the island. Soil water
content was monitored under and outside the canopy of 3 control Hyparrhenia hirta plants at two
depths (2.5 and 15.0 cm below ground) using 12 EC-5 time-domain reflectrometry (TDR) sensors.
Measurements were employed to calibrate a simple water balance model that uses rainfall and air
temperature as input to predict soil moisture conditions [2]. Results show that the model can
capture and quantify the significant effect of shallow rooted macchia patches on soil properties
that control water content at the top 2.5 cm of soil during the drying process. On the other hand, at
the deeper soil layer (15.0 cm), vegetation presence effect was negligible. An analysis of the
model sensitivity to meteorological variables showed that surface soil under canopy was easiest to
perturb by both precipitation and temperature changes during the wet season (October-April), part
of which also coincides with a critical growing stage of the macchia vegetation. Following the
climate change patterns foreseen for the Mediterranean [3], showing a precipitation reduction in
the area of 10% and a temperature increase of 2 oC, we predict a reduction of soil moisture by
about 15% during the wet season. Modeling results will be used as background data for the
precipitation exclusion experiment that aims to identify sudden changes in ecosystem structure and
function caused by climatic shifts. Acknowledgements: Experimental setup and measurements
leading to this research were conducted during the CASCADE Project that was funded by the
European Commission FP7 program, ENV.2011.2.1.4-2-\"Behaviour of ecosystems, thresholds
and tipping points\", EU Grant agreement: 283068. Modeling and analysis were co-financed by the
European Union and Greek national funds through the Operational Program Competitiveness,
Entrepreneurship and Innovation, under the call RESEARCH-CREATE-INNOVATE (project
code: T1EDK-03372) References [1] Daliakopoulos, I.N., Panagea, S.I., Tsanis, I.K., Grillakis,
M.G., Koutroulis, A.G., Hessel, R., Mayor, A.G., and Ritsema, C.J., 2017. Yield Response of
Mediterranean Rangelands under a Changing Climate. Land Degradation & Development, 28 (7)
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estimation of antecedent wetness conditions in rainfall-runoff modelling. Hydrological Processes,
22 (5), 629-642, doi:10.1002/hyp.6629. [3] Koutroulis, A. G., Grillakis M.G., Daliakopoulos, I.N.,
Tsanis I.K., and Jacob D., 2015. Cross sectoral impacts on water availability at +2 °C and +3 °C
for east Mediterranean island states: the case of Crete. Journal of Hydrology 532, pp. 16-28. DOI:
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Urbanization, Demographic Dynamics and implications for
Land Resource Management in the Mediterranean region: A
New Step Ahead in Understanding of Regional Complexity
Luca SALVATI
Council for Agricultural Research and Economics (CREA)

While urbanization has been closely related to economic development and demographic change,
heterogeneous patterns and processes of regional growth and change reflect the uneven
distribution of urbanization, the subtle impact of demographic dynamics and the consequent
implications for land resource management and environmental sustainability. Differences in
patterns of urban growth and change in a paradigmatic region such as the Mediterranean basin
—often masked by statistics indicating a net increase in urban population—reflect regional divides
in socio-demographic, economic and environmental variables. To better understand the impacts of
these regional differences, interdisciplinary research should better link socio-demographic and
economic patterns from the one side - and environmental dynamics from the other side - to
urbanization and regional/local processes of change. Going from regional to local, multi-scale
analysis of environmental change gives more opportunities to ascertain the combined effect of
demographic dynamics on urbanization, evidencing the role of social transformations and the
latent linkage with ‘hegemonic’ concepts such as that of land degradation, which is intimately
related with both socioeconomic dynamics and environmental sustainability. Reconnecting
impacts of regional-scale socioeconomic change with local-scale ecological dynamics definitely
contributes to an enriched knowledge of environmental histories, outlining how a study of
differences under assumptions of non-linearity and complex system thinking is key to understand
future socio-environmental trends in the study region. This contribution finally encourages studies
within a multi-disciplinary arena, stimulating further literature reviews aimed at discussing these
deserving issues - proposing new theoretical frameworks at the same time, with empirical
approaches, comparative works and case studies providing the necessary, informed ground to
science and policy.
Keywords:
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