























































































































































































































L.), ripening between day of year (DOY) 183 and 197 and harvested at DOY 217. The experimental site
was surrounded by a mosaic of agricultural landscape dominated by spring barley, winter wheat, and win-
ter rape fields.

The Atmosphere Land Exchange Inverse (ALEXI) model utilizes the morning land surface tempera-
ture (LST) rise in combination with weather forecast reanalysis to determine components of the sur-
face energy balance and ET (Anderson et al. 2011). The global ALEXI product currently in use and test-
ing (Hain & Anderson 2017) uses day/night LST differences from the Moderate Resolution Imaging
Spectroradiometer (MODIS) sensor on board the polar orbiting Aqua satellite. A time series for one sin-
gle pixel (0.05°, i.e. ~5 kmresolution) of ET,
Climate Forecast System Reanalysis and land use classification (both on a global scale) were involved in

was analysed at the Polkovice site area. Climate data from

calculating ET, . estimates.

Fig. 1: Seasonal (2015) course of ET measured by the BREB technique (solid black line) and by the ALEXI land surface
model (solid grey line). The reference evapotranspiration (ET,) is provided for comparison (grey dashed line).

The Bowen ratio energy balance (BREB) method enables to calculate ET, .. from measurements of sur-

BREB
face boundary layer air temperature and humidity gradients and additional measurements of surface ra-
diation balance and soil heat flux. The energy available at the surface—atmosphere interface is converted
into two portions: (i) energy used to evaporate water from the surface (latent heat flux, i.e. ET expressed
in energy units), and (ii) energy used to heat the atmosphere (sensible heat flux). The ratio between these
two, the Bowen ratio, can be approximated from the measurements of air temperature and humidity pro-
files. The temperature and humidity gradients were measured at three levels (3.5 m, 2m, and 0.5 m above-
ground) by combined EMS 33 R sensors placed in AL 070/1 radiation shields (EMS, Czech Republic).
Radiation balance was measured using an NRO1 net radiometer (Kipp & Zonen, Netherlands) 3.5m
aboveground and two HFPO1 soil heat flux plates (Hukseflux Thermal Sensors, Netherlands) placed 5cm
below the ground’s surface. Measurements were taken each 20 s and stored as 10 min averages. Raw flux
data were subjected to quality control filtering according to Guo et al. (2007). Gaps in the flux data were
filled using the look-up tables algorithm implemented in the R package REddyProc (Falge et al. 2001). The
meteorological measurements from the BREB system were additionally used for computation of the refer-

ence evapotranspiration ET, following the standard methodology (Allen et al. 1998).




RESULTS

Mean annual temperature for 2015 was 10.7°C, annual precipitation 446 mm, and annual ET  742mm.
This data implies that 2015 was warmer and drier than the long-term mean (1961-1990), characterized
by mean annual temperature of 8.7°C, mean annual precipitation 556 mm, and mean annual ET 662 mm.
Both ET,,,,and ET, .. responded strongly to the evaporative demand of the atmosphere expressed as
ET and reached maxima of ca 6 mm day™' during hot summer days. In the first half of 2015, ET
estimated ET, .,

front entered the Czech Republic during DOY 229-231, bringing 65 mm of precipitation to the Polkovice

sreg OVEr-

and ET while it significantly decreased around DOY 190 and remained low until a cold

site (Fig. 1). The seasonal pattern of ET,, .. was closely related to phenology and physiological activity of

BREB
winter wheat characterized by a decline of photosynthetic activity and transpiration and hence a decline of
ET at the transition of heading and ripening phases. The contrasting winter wheat physiological activity is
also illustrated in Fig. 2, showing the normalized difference vegetation index (NDVI, based on polar orbit-
ing satellite Landsat 8) of 0.94 and 0.26 at DOY 126 and 216, respectively. ET, .. was in most cases lower
than ET and the differences between these two rates were more pronounced during the second half of the
growing season (Fig. 1). The physiological activity of all the fields integrated across the entire ALEXI pixel
can again be inferred from Fig. 2, with mean NDVI of 0.75 and 0.40 at DOY 126 and 216, respectively. In
addition, it is obvious that the wheat field with the BREB tower showed higher NDVI than the ALEXI av-
eraged pixel at DOY 126 while it showed lower NDVI than the ALEXI averaged pixel at DOY 216. This is
in line with ET,

the second half of the season (Fig. 1).

exceeding ET during the first half of the season and ET, apxt 1D

ALEXI

being below ET

BREB BREB

DISCUSSION

The presented study combines in situ ET measurements technique with physically based remote sensing
ET estimates. Although the applied methods work at different spatial scales (field vs. landscape), their
combination can provide further insights into ET at both scales. For instance, using this approach, it can
be identified whether the specific ecosystem investigated in situ contributes to cooling or warming of the
landscape. The ET,
higher ET than the average of all nearby ecosystems and therefore contributed to cooling and increasing

exceeding ET

\wLexs D the first part of the season thus suggests that winter wheat had

BREB
the landscape’s relative humidity. During the second part of the season, however, ET, .. was lower than
ET

LLexp indicating that the winter wheat field contributed to heating and to decreasing the landscape’s

relative humidity. As supported by the analysis of annual precipitation and ET_and shown in other stud-
ies (Trnka et al. 2016), the year 2015 was characterized by a drought spell and intensive heatwaves which
struck the country in the second half of summer. In this context, the analysis initiated in this study might
provide information useful for designing a land-use less sensitive to drought stress and a landscape that
would mitigate the effects of heatwaves. The presented study is not intended to be comparison of the meth-
ods, but rather their fusion. In previous studies, the BREB method was validated by eddy covariance and
scintillometry at the Polkovice site (Poznikova 2016) while the ALEXI approach was, for example, vali-

dated by Yang et al. (2017). Future work will include similar analysis at flux-tower sites across the Czech
Republic, and the validation of ALEXI will be facilitated using its disaggregated form (DisALEXI) and ap-
plication of water balance models at the Polkovice site.




Fig. 2: Landsat 8 based NDVI at single ALEXI pixel (0.05° resolution) during two days in 2015. The field with BREB meas-
urement is indicated by white and black borders for DOY 126 and 216, respectively (upper right corner). The mean
NDVI of the entire ALEXI pixel and of the marked field is summarized at the top of each panel.
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Fig. 1: Pixel-wise, 33-year trends in normalized difference vegetation index (NDVI) for winter (DJE), spring (MAM), sum-
mer (JJA), and autumn (SON).

Analysis of the seasonal mean temperature trends from the E-OBS data set (European high-resolution
gridded data set of daily climate) showed that temperature changes were most prominent in the summer
and autumn season and significantly less noticeable during winter and spring (Fig. 2). Areas of Central,
Eastern, and South-eastern Europe were significantly affected by changes in temperature from 1981
to 2015 during summer and autumn. Evidence of changes in the seasonal amounts of precipitation has
not yet been confirmed, and there were only small random patches of grids that show significant trends.
Regional analysis of the relationship between NDVI and climate at the selected 6202 forest locations in
Central and South-eastern Europe (Fig 3) provide more detailed evidence of seasonal climate—vegetation
interactions. There is an obvious pattern of increase in NDVI due to the rise in temperatures (Fig. 4) during
winter and spring and, on the contrary, a reduction in NDVI due to increased temperatures in summer and
autumn. Meanwhile, precipitation data (Fig. 5) showed a much weaker relationship with NDVI than did
temperature, the only exception being the summer period, when excessive amounts of rainfall can stimu-
late extended vegetation activity and forest growth.
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Fig. 2: Significant pixel-wise trends (1981-2015) of mean temperature (TG) for winter (DJF), spring (MAM), summer
(JJA), and autumn (SON) season in °C from the E-OBS data set.
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Fig. 3: Selected forest areas (>50% forest cover) of Central and South-eastern Europe included into the assessment (top
left). Examples of bimonthly GIMMS NDVI from 33-year time series (bottom), for three tiles in Beskids, Czech
Republic (top right).
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Fig. 4: Relationship of NDVI (horizontal axis) and mean seasonal temperature in °C (vertical axis) in winter (DJF), spring
(MAM), summer (JJA), and autumn (SON) season at forest locations in Central and South-eastern Europe.
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Fig. 5: Relationship of NDVI (horizontal axis) and total seasonal precipitation in mm (vertical axis) in winter (DJF), spring
(MAM), summer (JJA), and autumn (SON) season at forest locations in Central and South-eastern Europe.




DISCUSSION

The results of the seasonal GIMMS NDVI assessment showed a dominantly positive vegetation trend over
Europe during the observed 33-year period. In the Mediterranean area, where the effect of global warming
is expected to be most prominent in Europe, an unexpected increase in the NDVI trend was observed. An
increase in the vegetation trend was also prevalent across most of North Africa, as also confirmed by the
NOA AVHRR study (Olsson et al. 2005). Negative trends were more pronounced in the summer and au-
tumn seasons, particularly in Central, Eastern, and South-eastern Europe. The results show these regions
can be characterized also as warming significantly more than other parts of Europe, in particular during
the summer and autumn seasons. This provides a possible explanation for the spatial synchrony between
a reduction of vegetation activity and the higher temperatures. It is also evident, however, that decreas-
ing NDVI was primarily observed in areas without forest cover, such as the Pannonian Basin and the dry
steppe areas of southern Ukraine and Russia. This suggests that increased summer warming most proba-
bly caused desiccation of grasslands, a reduction in soil moisture, and earlier cessation of vegetation activi-
ty. Desiccation was less evident in the spring season due to lower temperatures and the availability of water
in soils after the winter season, and, therefore, no negative NDVI trends prevailed. By contrast, noticeably
large areas in Ukraine, Russia, and the Scandinavian Peninsula showed a reduction in vegetation activity
during the winter season which cannot be explained by climatic processes at this stage. GIMMS NDVI also
disclosed a reduction of vegetation activity around urban agglomerations due to the possible effects of air
pollution or urban development (heat islands and soil sealing).

A regional study of climate—vegetation interactions in forest areas of Central and South-eastern Europe
showed that a winter and spring temperature rise has, in general, a beneficiary effect on forests due to the
possible displacement of harsh mountainous climatic limitations and a prolongation of the growing sea-
son’s length. It is also evident that with the increase of temperatures in summer and autumn vegetation
activity ceased in general. Therefore, the effect of global warming on forests in these regions of Europe
can be explained by two, commonly opposing drivers of forest growth: (1) a positive effect from prolon-
gation of vegetation activity in spring along with a reduction of winter climatic limitations, and (2) the ef-
fect of cessation of activity during summer and autumn most probably related to deficiency of soil mois-
ture. Nevertheless, the local environmental conditions where there are sufficiently deep soils and with less
intense summer warming can possibly mitigate this effect of summer dryness that results in continuous
growth intensification during the observed period. Such effect of a recent ‘vegetation boost’ has been ob-
served at various locations in Europe, such as at common beech sites on the Balkan Peninsula (Tegel et al.
2014).
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ABSTRACT

This article describes an intellectual information platform aimed at implementing interdisciplinary pro-
jects and providing services in the field of monitoring and analysing natural-technological objects. This
platform is based on a service-oriented architecture and arranges combined and coordinated operation of
diverse data processing modules where particular thematic issues are solved. The platform assures maxi-
mum automation in monitoring, analysing, and forecasting processes in agriculture, forestry, and other
areas where thematic integrated processing of Earth remote sensing (ERS) and in-situ data are needed.

INTRODUCTION

Earth remote sensing (ERS) data are becoming more popular for monitoring natural and natural-tech-
nological objects and systems (NNTOs), including agriculture, forestry, and other subject areas. Further
prospects for their active use are associated with moving from relatively simple monitoring tasks to fore-
casting NNTOs’ status under anthropogenic impact and climate changes, proactive management of
NNTOs, and decision-making support for this management under normal and emergency conditions.
Today, there are multiple sources of remote sensing data available at different levels of processing.
Moreover, there are many affordable internet-services for monitoring NNTOs using ERS data, such as:
Copernicus Land Monitoring Service (http://copernicus.eu/main/land-monitoring),

Forestry Thematic Exploitation Platform (https://forestry-tep.eo.esa.int/), and

Basemap (https://www.digitalglobe.com/products/digitalglobe-basemap).

At the same time, there is a lack of applications and decision-making support services that could be adapt-
ed for a user who does not have special skills in information technologies and ERS data processing. This
gap presents a significant obstacle to wider usage of accumulated and steadily growing volumes of ERS
data.

MATERIAL AND METHODS

To solve the aforementioned problem, information systems of a new level are required. These systems need
to be aimed at the integration of ERS and other ancillary data (both spatial and non-spatial) with models of
NNTOs’ status forecasting and proactive management in automatic mode. This means that information
systems under creation should focus on the operational coordination of a considerable number of modules
that perform various functions in accumulating and processing diverse (ground-based and remote) data,
NNTOs’ status forecasting, and decision-making support for their management. Moreover, the models’
choice and adjustment of their parameters must as well be carried out automatically. In addition, all these
processes are to be “hidden” from the end-users, who, as a rule, do not have expertise in the sphere of in-

formation technologies and are willing to interact with a simple and convenient interface.




The modular framework of the prospective information systems is the most advanced in the context of
creating integrated software-based and simulation complexes, especially when developing these within
international programmes and projects. That is because, in this context, autonomous designing and func-
tioning of the independent modules are provided by various institutions on the territories of different coun-
tries. Moreover, if such an information system structure is used, there is no need for transition of designed
modules to the information resources of a particular institution because the possibilities to use cloud tech-
nologies have become affordable.

With regard to creating the distributed software architecture, the advanced decisions are as follows:

- development of the components to build information systems fully controlled by a single institution (Bell
2016); and

- development of the components that allow uniting independent program engineers and combining
diverse software, including software based on service-oriented architecture (SOA) (Siddiqui & Tyagi
2016).

SOA implements an essentially modular approach to software design that is based on the use of distrib-
uted, loosely bound, replaceable components having standardized interfaces for interaction according to
standardized protocols (Paik et al. 2017). In addition, each module is implemented as a web service and
can be created with the help of any programing language in any environment.

The potential advantages of SOA determine its choice as a basic construct for creating the suggested in-
tellectual information platform (IIP). The general architecture of the developed IIP is given in Fig. 1. The
abbreviations REST API, SOAP, JSON, and CSW denote standard protocols specifications for the com-
ponents interaction and exchanging structured information in the implementation of web services within
computer networks.

User

[ | Interface

REST API

t

Service
Script
e;.elfutor BPEL b u S
Intellectual
Interface

a Service for determining crown density

Sources of Earth remote sensing and ground measurements dan} a Service for determining tree species code
Branch information analytical systems ‘. —— Service for determining forest yield
Federal information systems a Change detection service

:’ International monitoring systems H * Other thematic services

Fig. 1: General architecture of intellectual information platform (IIP).




The main components of this platform are as follows: a service bus as a “backbone” of the platform frame-
work; software modules for thematic data processing and decision-making support that are performed as
web services; business process execution language (BPEL) tools for forming components interaction sce-
narios; and an intellectual interface for choosing necessary models and adjusting their parameters.

Also, in the structure there are modules performing ordering of ERS data and their cataloguing in auto-
matic mode; program interfaces providing interconnection of diverse ERS and ancillary data sources, and
other supportive components.

Further, the brief characteristics of the key components of IIP are described. The service bus ensures an
event-oriented approach implemented into the distributed information systems (He & Xu 2014). In so do-
ing, independent functioning of diverse modules is provided and there is no need for resetting the system
when connecting a new module.

To arrange general computing processes and automated control of the set of services, an approach based
on “web services orchestration” is used (Wang et al. 2016). In the IIP, services orchestration is implement-
ed according to Business Process Execution Language (WS-BPEL) (Kuo et al. 2016). The application of
this language allows for arranging the logic of the interaction between modules and web services when
solving a specific problem, including the use of a visual editor. So doing provides visual construction of al-
gorithms for work utilizing various data sources and services.

Atheoretical foundation for creating the Intellectual Interface is provided by methods of information fusion
models qualimetry developed in recent years at Saint Petersburg Institute for Informatics and Automation
of the Russian Academy of Sciences (SPIIRAS) (Sokolov et al. 2014b, Zelentsov et al. 2016). Now this the-
oretical basis enables embodying the intellectual multi-criteria choice of models and setting their param-
eters without operator intervention.

Assignificant part of the IIP components (Intellectual Interface, modules performing ordering of ERS data
and their cataloguing) was developed for the first time, and the joint use of all described components (in-
cluding service bus, BPEL, etc.) is also original.

RESULTS

The suggested platform enables using and integrating data from different Earth observation satellites, in-
cluding Sentinel series, Russian Resurs-P satellites, and others, as well as production and provision of new
information services in different modes — from interactive, through automated, to fully automatic mode.
Successful case studies have been conducted to confirm the possibility of creating services on the basis
of the IIP for monitoring agricultural lands, forest management, detecting changes in forests’ states, en-
vironmental protection, flood forecasting, etc. (http://litsam.ru/index.php/en/homepage-en/, Sokolov et
al. 2014a).

Currently, the contents of the thematic services under formation include more than 20 items. For instance,
in Fig. 2 there is presented an example of a user interface when solving the problems of revealing changes
in wetlands boundaries within the territory of a forest area.

It is noteworthy that while solving these problems distributed infrastructure was created that had data pro-
cessing modules on the territories of various institutions. Meanwhile, the system appears as an integrated

whole at the user’s end.
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Fig. 2: User interface of intellectual information platform (IIP).

DISCUSSION

In conducting an analysis of existing and advanced technologies of distributed information resources in-
tegration when solving the problems of monitoring and analysing NNTOs, it became apparent that there
is a feasible reason to use service- and event-oriented architectures in combination with technologies of
platform-independent universal description, automatic search, and web service integration as a basic ap-
proach to IIP creation. When taken separately each of the technologies considered has its familiar imple-
mentations but their integrated usage is introduced and described for the first time. The examples given
and testing results show that this application approach ensures full implementation of the necessary IIP
functionality. In addition, the requirements are met to maximize automation of diverse modules’ integrat-
ed operation. Also, SOA implementation permits creating a cross-platform user interface to allow utiliz-
ing all advantages of the IIP through remote mobile access. In general, the developed platform is a univer-
sal constructor or software suite that allows producing services and downstream applications in different
fields of practice. Further research should relate to determining the most effective applications for the de-
veloped platform.
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ABSTRACT

Natural regeneration of mountain spruce forests began in the Giant Mountains 25 years ago after a re-
duction of severe and long-enduring air pollution. This process has been influenced by climatic change.
The aim of our contribution was to present background data for the potential elevational shift of spruce
regeneration under conditions of climate change. These upslope shifts may also depend on constraints
such as climate extremes, unfavourable soil conditions, absence of ectomycorrhizal symbionts, and lack of
microsites suitable for seedlings. Since 2014, we have studied the main driving factors affecting Norway
spruce regeneration, and in particular soil conditions, ectomycorrhizal symbionts, ground vegetation cov-
er, and forest health, in six transects across the treeline ecotone located on a NW-to-NE transect through
the Giant Mountains. Microclimatic measurements showed that the mean difference in growing sea-
son temperature between the montane spruce forests and forests at the treeline was —0.54°C. The model
HADGEM?2 predicted that in 20 years the temperature at the treeline will be similar to the current one at
montane elevations. The difference in prevailing soil types between the montane spruce forests and for-
ests at the current treeline (i.e. podzol vs. ranker type) could be an important factor limiting success of the
upslope spreading of spruce. Furthermore, areas covered by microsites favourable for natural spruce re-
generation, especially spruce litter patches, decaying wood, mosses, and Avenella flexuosa stands, were
shown to decrease with increasing elevation. It is likely that spruce will move upslope in response to cli-
mate change, but the process is likely to be slow or even blocked for some periods, especially by unfavour-
able soil conditions and climatic extremes.

INTRODUCTION

The synergistic effect of severe air pollution (especially SO,), climatic stress, and infestation of weakened
forests by spruce bark beetle (Vacek et al. 2013) led to extensive decline and dieback of Norway spruce for-
est ecosystems in the Giant Mountains during the 1970s and 1980s (Kooijman et al. 2000). The decline of
spruce stands was accompanied by extensive changes in the forest understory. In damaged forest stands,
grasses (especially Avenella flexuosa and Calamagrostis villosa) prevailed over other microhabitats more
suitable for spruce seedlings’ emergence and survival, such as litter patches, mosses, or Vaccinium myrtil-
lus stands (Chumanova-Vavrova et al. 2015). These changes resulted in deteriorated conditions for spruce
regeneration (Vacek & Matéjka 1999). In the first half of the 1990s, air pollution began to decrease as a
result of desulphurization of power stations and since that time forests have started to regenerate their
ecosystem functions (Vacek et al. 2013). The natural regeneration has been influenced also by climatic
change. The season mean temperature for the period 1991-2015 increased by 0.7°C compared to the peri-

0d 1961-1990, and the treeline shifted upwards by 0.43 m per year in the Giant Mountains during the past




70 years (Cudlin et al. 2017). Climatic conditions seem to be favourable for an upslope treeline shift in the
coming decades, although many constraints such as different geomorphological, geological, and pedolog-
ical conditions, soil heterogeneity (Fridley et al. 2011), and extreme climatic conditions can constrain such
ashift. In that context, we are asking several questions. These include what are the likely effects of temper-
ature and precipitation, the co-influence of soils, the abundance of suitable microsites, and the density of
spruce seedlings and saplings across the ecotone. Finally, we ask whether there is sufficient natural regen-
eration in montane spruce forests under current climatic conditions.

MATERIALS AND METHODS

Since 2014, we have studied the main factors driving Norway spruce regeneration under conditions of
climate change. Most measurements were performed in 24 circular sample plots, each of 500 m?, regu-
larly placed in six transects across the treeline ecotone, situated in three sites from the West to East Giant
Mountains (Alzbétinka, Modry dul, and Paseracky chodnicek). Each transect consisted of four plots from
1210 to 1390 m a.s.l. (P4 — mountain spruce forest, P3 — spruce forest under treeline, P2 — spruce forest
under treeline with dwarf pine, P1 — forest at treeline, i.e. dwarf pine stand with scattered spruce trees).
Soil surveys were done only at three transects (i.e. on one transect at each site). Furthermore, we installed
three microclimatological stations in the natural spruce forest stands at the beginning of June 2016 and an-
other three stations in the forests at treeline at the beginning of June 2017. The stations were equipped with
instruments for measuring precipitation, temperature, and air humidity at 0.3 m and 2m, temperature in
three soil horizons, photosynthetically active radiation, and direction and velocity of wind.

Three regional CORDEX models with RCP 4.5 and RCP 8.5 were tested for predictions of changes in tem-
perature and precipitation. Finally, a regional model MOHC-HADGEM2-ES - RCA4 with RCP 8.5 was ap-
plied. Detailed soil survey was done using soil core (14 mm in diameter) ona 1 x 1 m grid. Soil types and
subtypes were classified, detailed soil maps of the plots created, and chemical analyses of pH, total Cand N
content performed. Occurrence of ectomycorrhizal (ECM) fungi was evaluated by occurrence of fruit bod-
ies, identification of ECM fungi on root tips using polymerase chain reaction, and occurrence of ECM fungi
in soil analysed by next generation sequencing (Vasutova et al. 2016). Emergence and survival of spruce
seedlings, ground vegetation cover, as well as favourableness of microsites for spruce regeneration have
been studied in mountain spruce forests at our sites since 1994. In 2015, phytocoenological relevés were
recorded and dead wood was measured and localized using Field-Map tools in all 24 plots on transects.
The survey of spruce regeneration (including occurrence of seedlings in microsites) was performed in all
plots in September 2015. Survival curves for spruce seedlings were calculated based on the results of year-
ly surveys of spruce regeneration done in the mountain spruce forests since 1994 and the amount of seed-
lings that could potentially survive at our sites to the age of mature forest stands was estimated. The rela-
tionships between spruce regeneration and other characteristics of the plots were analysed using principal

component analyses (PCA) with added passive variables (Canoco for Windows; Smilauer & Leps 2014).




RESULTS

Montane spruce forests were compared with forests at treeline concerning the present state of spruce re-
generation as well as related environmental conditions to evaluate the probability of Norway spruce’s up-
ward shift in the Giant Mountains. Based on our results, we answered the following questions:

1. How do the mountain spruce forests and forests at treeline differ in ground temperature and precipitation
under current conditions?
The mean difference (for our three sites Alzbétinka, Modry dil, Paseracky chodnicek) between the
mountain spruce forests and forests at the treeline was —0.54°C (ranging between —0.02 and —0.9°C)
and 134 mm (range from —12 to 289 mm).

2. How many years will the temperature in forests at treeline need to rise according to the climatic model to
reach the value currently measured in mountain spruce forests?
According to the model MOHC-HADGEM2-ES - RCA4 with RCP 8.5 it will take 20 years.

3. Are there any other constraints on the spruce regeneration above the treeline?
The differences in prevailing soil types between mountain spruce forests and forests at treeline could be
a serious constraint for the shift of spruce seedlings. Rankers predominantly occurring in the forests at
the treeline provide less favourable growth conditions for spruce seedlings in comparison with podzols
prevailing in mountain forests. Occurrence of ectomycorrhizal symbionts seems to be sufficient for for-

ests regeneration above the treeline.

4. How do the density of spruce seedlings and abundance of favourable microsites change along the eleva-
tional gradient?
The highest recruitment density was found in montane spruce forests and the quantity of spruce seed-
lings decreased along transects towards the highest-elevation positions reflecting the diminishing can-
opy cover and height of living mature spruce trees (Fig. 1). The number of seedlings (height up to 1m)
was positively correlated with the cover values of spruce litter patches and decaying wood while higher
individuals (height from 1 to 2m) occurred predominantly in plots with high cover of A. flexuosa. The
abundance of microsites favourable for emergence and survival of spruce seedlings, such as A. flexu-
osa stands, spruce litter patches, and decaying wood and mosses, decreased with increasing elevation,
while the cover values of C. villosa and V. myrtillus stands responded in the opposite way to the eleva-
tional gradient.

S.Is the current state of spruce regeneration in mountain spruce forests sufficient for their spontaneous
regeneration?
It depends on the site. Natural regeneration was found sufficient for spontaneous regeneration of
Norway spruce stand at the Modry dil site but completely insufficient at the Alzbétinka site. The state of

spruce regeneration at the Paseracky chodnicek site was intermediate.
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Fig. 1: Variability in seedling and sapling numbers density (divided into five height categories: <10 cm, 10-20 cm, 20-50 cm,
50-100cm, 100-200cm) assessed by principal component analyses (PCA) and its relationship to site and stand
characteristics of the plots, including abundance of the most important microsites passively projected in the analy-
sis. Number of individuals in height categories Pa <0.1m, 0.1-0.2m, 0.2—0.5 m, 0.5-1.0 m, and 1.0-2.0 m; positions
at the treeline ecotone transects (P4 — mountain spruce forest, P3 — spruce forest under treeline, P2 — spruce forest
under tree line with dwarf pine, P1 — forest at treeline, i.e. dwarf pine stand with scattered spruce trees); Elevation
(ma.s.l.); pH (soil pH); C_N (carbon-to-nitrogen ratio of the soil); Tree height (average height of live spruce trees in
meters); Dead trees (ratio of dead spruce tree number from all spruce trees in %), LiveE3 (crown cover of live spruce
trees in %); Spruce litter (cover of spruce litter patches in %); Decaying wood (cover of decaying wood in m?); EO (cover
of moss layer in %); E1 (cover of herb layer in %), Ave_fle, Cal_vil, Vac_myr (cover values of the ground vegetation
dominants in %, i.e. Ave_fle — Avenella flexuosa, Cal_vil — Calamagrostis villosa, Vac_myr — Vaccinium myrtillus).

DISCUSSION

Growing season temperature is presumed to be the main limiting factor for an upward shift in treeline po-
sition in mountains (Korner & Paulsen 2004). Although the growing season temperature in the forests
at treeline will probably reach the value currently measured in the montane spruce forests in the Giant
Mountains in the next 20 years (according to climatic models), it is unlikely that spruce will spread above
the current position of the treeline due to adverse geomorphological and pedological conditions at high-
er elevation (Holtmeier 2009). The transformation of rankers, the prevailing soil type above the treeline,
into podzols by the process of production and decomposition of tree litter will necessarily take a long time.
Surprisingly, despite the lower abundance and diversity of ectomycorrhizal symbionts of spruce in forests
at the treeline compared to montane spruce forests, their current state seems nevertheless to be sufficient
for spruce regeneration in forests at the treeline in the Giant Mountains (Vasutova et al. 2016). The cov-
er values of the most suitable microsites decreased with increasing elevation of our transects in the Giant
Mountains. Only V. myrtillus, the suitable microsite for spruce regeneration according to Vacek (1981)
and Vavrova et al. (2007), showed the opposite trend. However, we observed only few seedlings in this mi-
crosite in our plots. Furthermore, our results suggest the importance of the abundance and height of ma-

ture spruce trees for the occurrence of spruce seedlings and saplings, as was reported by Matthew et al.




(2002) for the alpine treeline ecotone. There may be an upslope shift of Norway spruce seedlings within the
treeline ecotone in the Giant Mountains, but the process will be slow and for some periods even blocked,
mainly by the unfavourable soil conditions and by climatic extremes. We expect new plant communities to
establish themselves as the climate continues to change during the coming decades (Urban et al. 2012).
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ABSTRACT

Current global policy efforts are focused on limiting the global rise in mean temperature to well below a 2K
warming compared to the pre-industrial temperature. It is questionable if achieving such goal is still feasi-
ble. Here, I review published works that suggesting that to keep global warming below or at a 2 K level can-
not be considered as safe, as is often assumed. A large body of studies have emerged recently investigating
the impacts of global climate change (GCC) ata 1.5 K or 2 K warming. The impacts range from changes in
the hydrological cycle, increasing frequency and intensity of extreme weather events, triggering of change
feedback processes at various spatio-temporal scales, affecting biological processes from the molecular to
ecosystem levels, and to disrupting socio-economic conditions. In this short review, I present the latest sci-
entific knowledge regarding some of the most important impacts of GCC on natural ecosystems, human-
made systems, and societies.

INTRODUCTION

Paris Agreement

Current global policy efforts, as stated in the 2015 Paris Agreement, aim to hold “the increase in the glob-
al average temperature to well below 2°C above pre-industrial levels and to pursue efforts to limit the tem-
perature increase to 1.5°C” (UNFCCC 2015). Global temperature already has increased by more than 1 K
compared to the 1850-1900 period (Hansen et al. 2017) and by even slightly more if the period prior to the
start of burning fossil fuels (i.e. 1401-1800) is selected (Schurer et al. 2017). If the temperature increase
limit of below 2 K is to be achieved, global greenhouse gas emissions must start to decline by 2020 at latest
and reach zero by 2040 (Figueres et al. 2017). Based on the observed and near-future impacts of GCC, it is
postulated that crossing the 1.5 K limit is already dangerous (Xu & Ramanathan 2017). Here, we provide
further evidence as to the impacts of GCC that are either already observed or are expected to become real if
the world succeeds to limit the global temperature increase to between 1.5 and 2 K, even though the prob-
ability of this being feasible is ever smaller (Raftery et al. 2017), and particularly so if the climate sensitivity
is greater than currently acknowledged (Armour 2017).

Extreme heatwaves and rainfall

Thanks to our understanding of basic physics and long-term time series, it is often possible to observe
and attribute changes in the occurrence and/or spatio-temporal extent of extreme weather events to GCC,
which is termed the “new normal” (Lewis et al. 2017).

A recent study analysing such regional heatwave characteristics as duration, occurrence, and severity
concludes that global temperature rise by more than 2 K would have disastrous consequences (Perkins-

Kirkpatrick & Gibson 2017). Even less warming will have serious consequences, and especially in the




tropical regions with their more frequent, longer, and warmer heatwaves (Mora et al. 2017). A similar
analysis concluded that with only 1.5 K of warming an additional 350 million people will become regularly
exposed to severe heat in megacities (Matthews et al. 2017) and in densely populated parts of the eastern
US and China (Russo et al. 2017) by 2050. If the greenhouse gas emissions remain unchecked, increased
heat coupled with high humidity will result in exceeding the limits for human adaptability in parts of the
Middle East and India, (Pal & Eltahir 2016, Im et al. 2017).
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Fig.1: Reconstructed (grey line) and measured (1880-2017) (black line) global temperature anomaly during the past
11,700 years with uncertainties (vertical grey lines). Horizontal dashed lines show lower and upper limits of the tem-
perature rise as defined in the Paris Agreement. Vertical columns show impacts of climate warming on selected pro-
cesses and elements of the Earth System. The grey-tone shows the severity of impact (light grey = little impact; black =
strong/irreversible impact). The temperature graph is adapted from Hansen et al. (2017). The impact on coral reefs
is based on Hughes et al. (2017), impact on soil carbon is based on Crowther et al. (2016), impact on permafrost is
based on Wennrich et al. (2016) and Chadburn et al. (2017), and impact on Arctic ice is based on Notz & Stroeve
(2016). Ext. precip. = extreme precipitation; T = tropical; B = boreal.

A human contribution to more extreme precipitation has been observed in two-thirds of weather stations
within the Northern Hemisphere (Min et al. 2011). Currently, about 18% of extreme precipitation events

can be attributed to GCC, while this proportion will increase to about 40% at a 2 K warming (Fischer &
Knutti 2015). A recent analysis discovered tripling of widespread floods in Central India (Roxy et al. 2017)
and tripling of extreme Sahelian storms (Taylor et al. 2017) during recent decades. A rapid increase in




convective precipitation has been reported for the Eurasian region (Ye et al. 2017), which is in accord
with the global trend of rising 1-day extreme precipitation (Lehmann et al. 2015, Donat et al. 2016).
Furthermore, the precipitation extremes (99.9th percentile) will rise at the fastest pace and are predict-
ed to nearly double the rate of water vapour increase (Bao et al. 2017). At the 2 K limit, precipitation ex-
tremes in Australia will rise by 11-30%, while globally this variability can vary between 5% and 15% (Pfahl
et al. 2017). Resulting changes in the water cycle will directly impact about half of the world’s population
(Sedlacek & Knutti 2014), while at a 3 K warming precipitation totals during rain events can increase
by more than 10-fold, making adaptation of current infrastructure very challenging (Neelin et al. 2017).
Regionally, flood risk and frequency of flooding are already increasing (Criss & Luo 2017) and the recent
global assessment of flood risks concludes that at 2 K warming the affected population and damage to in-
frastructure will both increase by 170% compared to today (Alfieri et al. 2017). Without GCC mitigation
the damage from floods can increase globally by about 20-fold (Winsemius et al. 2016).

IMPACTS OF GCC ON ECOSYSTEMS AND SOCIETY

Forest ecosystems

It is expected, often based on vegetation models, that global forests will remain increasing carbon sink as
was the case during past decades. Some evidence of saturating carbon sink at smaller scales has not yet
been demonstrated on the global level, at least not by 2011 (Cheng et al. 2017). Indeed, recent satellite data
confirm strong greener-for-longer planetary vegetation, and the authors speculate that this could be a re-
sult of CO, fertilization, although it remains unclear where the water and nutrients should come from to
facilitate such an increase in C stock (Zhu et al. 2016). Arriving at a regional picture is more complicated.
The most comprehensive study to date, from 321 inventory plots across the Amazon forest, shows a declin-
ing strength of the carbon sink (Brienen et al. 2015). Another study concludes that, when accounting for
deforestation and forest degradation, tropical forests on each continent are a significant net source of car-
bon (Baccini et al. 2017). Forests’ loss of strength as carbon sink in other parts of the world is manifested
through a decelerating tree growth rate (Chen & Luo 2015) and increased mortality (Peng et al. 2011).
Particularly managed forests in many parts of the world are — and will be further — under increased stress
from unprecedented spread of bark beetles (Kurz et al. 2008, Lesk et al. 2017), drought and higher tem-
perature (Allen et al. 2015, Anderegg et al. 2015), or forest fires (Kelly et al. 2013, Abatzoglou & Williams
2016). Regionally, some forest ecosystems have already become carbon source as a result of more wildfires
(Kelly et al. 2015) or increased winter temperature (Commane et al. 2017). Furthermore, forest damage
from large-scale windstorms has tripled in Europe since 1990 (Gregow et al. 2017).

Agro-ecosystems and food security

Global agriculture and complex civilizations started with the beginning of the Holocene period almost
12,000 years ago when the last Ice Age ended. Global average temperature did not fluctuate by more than a
1 K within predictable seasonal and year-to-year changes. Once previously stable and characteristic weath-
er changes too quickly to ensure higher crop yields, feeding a growing number of people will become a dif-
ficult challenge. A recent review paper determined an average decline in yields of four main crops at 3—6%
per K of warming (Zhao et al. 2017). Drought is increasing globally (Dai & Zhao 2016) and is already re-

ducing crop yields on a global scale (Lesk et al. 2016). Excessive heat (when daytime temperature exceeds




30°C) can decreases maize and soybean yields by as much as 6% without irrigation (Schauberger et al.
2017). Crop pests and pathogens are migrating northward at a rate of almost 3 km per year (Bebber et al.
2013). InIndia, rising temperature during the past three decades increased the suicide rate among farmers
by 7%, equivalent to almost 60,000 suicides (Carleton 2017). Together with other interactive negative im-
pacts of CCG, such as increased rainfall variability, reduced crop duration, lower crop nutrient content, or
increased weed damage, global food security will be under stronger pressure (Myers et al. 2017) and there
will be a greater chance of global food shocks in future (Kent et al. 2017).

Impacts on biodiversity

GCC is today only a minor factor in species extinction, with only one documented extinction of a mamma-
lian species (Gynther et al. 2016). Regarding local population extinction or decline, however, it already
has extensive and significant impacts (Paxton et al. 2016, Wiens 2016). Even some of those species best
adapted to hot and dry conditions are already negatively impacted by GCC (Rey et al. 2017, Woodroffe et
al. 2017). It is expected that the rate of temperature change will outpace the ability of species to react by
about 200,000 times on average (Jezkova & Wiens 2016). A recent meta-analysis concluded that a 2 K
warming will bring the extinction of about 6% of species (Urban 2015). It may be the case, however, that
models are severely underestimating the risk of extinction resulting from GCC (Sears et al. 2016). Recent
analysis of paleoclimate data revealed that at a 2 K warming limit oceans may have dissolved enough CO,
to trigger mass extinction on a global scale lasting for thousands of years thereafter (Rothman 2017). Of
great concern is not only the extinction of species per se but also their redistribution (favouring adaptive
species and diminishing keystone species), thereby severely impacting ecosystem balance and productivity
on land (Carlson et al. 2017) and in the oceans (Nagelkerken & Connell 2015, Vizzini et al. 2017).

Socio-economic impacts

The socio-economic situation is critically dependent upon and adapted to the existing climate conditions.
Any rapid environmental change has potential to trigger an adverse cascade of events in society. There ex-
ists a variety of mechanisms through which GCC impacts the social system. Hsiang et al. (2013) found
that a 1 K temperature rise increases interpersonal and intergroup violence by 4% and 14%, respectively.
Where societal order is already fragile and facing unfavourable environmental conditions, GCC increases
the risk of armed conflicts (Schleussner et al. 2016). Drought worsened by GCC has probably contributed
to the internal displacement of people within Syria, where a combination of other negative factors has led
to a civil war (Kelley et al. 2015, Cook et al. 2016). It is further expected that under the 2 K warming limit
people in tropical regions would need to migrate on average more than 1000 km by the end of the century
(Hsiang & Sobel 2016). Finally, recent calculations of potential damage from unmitigated GCC put reduc-
tions in global gross domestic product at as much as 23%, which is 2.5-100 times more severe than previ-
ously estimated (Burke et al. 2015).

CONCLUSIONS

GCC is already manifesting itself through a range of impacts of varying intensity and having serious con-
sequences for local ecosystems and society. Considering the long-term impacts of climate change, any fu-
ture level of warming may already be too high for some locations. The more the global temperature will

rise, however, the more feedback processes and severe consequences will affect society on larger scales.




It does seem the notion that GCC is “safe” with temperature rise of 1.5-2 K is at least questionable. Some
of the very dangerous impacts and others to which adaptation is very difficult already are unavoidable.
Nevertheless, there still remains some leeway to mitigate the impacts of GCC.
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ABSTRACT

The specific role of mountain ecosystems in the carbon cycle and their importance as carbon sinks already
has been noted within the broader debate about climate change. There has been progress in designing
and attempts towards implementing such mountain-specific strategies as green economies, global and re-
gional conventions, frameworks, and institutions. There is still need, however, for new and integrative ap-
proaches to governing mountains in a sustainable and adaptive way with local and global contributions.
The proper institutional arrangement, adaptive forest management, and sustainable use of forest ecosys-
tems can make a substantial contribution to the well-being of local communities as well as contribute to
mitigating global climate change by provisioning of carbon sequestration ecosystem service. This paper
examines how reconfiguration of social practice in forest-dependent communities can address urgent so-
cietal challenges. In particular, it considers the potential of a common pool resource regime for governance
and carbon-smart forestry in innovative management of mountain ecosystems to meet societal and natu-
ral challenges.

INTRODUCTION

As global debates about the need to decrease CO, in the atmosphere intensify, significant political atten-
tion has been shifted to mountain regions. Despite that European mountains are covered predominantly
by forests, their importance for carbon sequestration has long been overlooked. The specific role of moun-
tain ecosystems in climate change regulation arises from their capacity to capture significant amounts of
carbon in vegetation and soil organic matter over the long term. Ineffective sectoral policies and unsustain-
able use as well as failure to recognize the value of these ecosystems have caused their degradation. It is evi-
dent that there exists an urgent need for policy action, a new agenda, and strengthening of the institutional
framework in sustainable mountain development. Some important steps already have been undertaken in
the policy arena at the global level. The important Intergovernmental Panel on Climate Change (IPCC) was
established in 1988, and through its efforts the United Framework Convention on Climate Change (1992)
and Kyoto Protocol (1997) were signed with the aim of reducing emissions in the atmosphere. More re-
cently, the Paris Agreement (2015) was signed. It highlights the importance of land-based carbon sinks.
To achieve carbon-smart forest management, it is important to understand relationships between entities
in a complex forest social — ecological — technological system (SETS) (McGinnis & Ostrom 2014) and to

determine factors (variables) conditional for developing social innovation and maintaining the robustness
and sustainability of SETS (Kluvankova et al. 2017).




MATERIAL AND METHODS

We examined the governance regime and forest management innovation of local communities within for-
est located in Slovakia’s Low Tatras National Park. We analysed the reconfiguration of social practice in
this local forest common pool resource (CPR) regime as SETS according to the social innovation theoreti-
cal concept developed in the SIMRA H2020 project (McGinnis & Ostrom 2014, Kluvankova et al. 2017).
Within this qualitative research method, we examined the relationships between entities in complex SETS
(Fig. 1).
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Fig. 1: Social — ecological — technological systems (adapted from Ostrom 2009).

Social innovation (SI) is seen as “the reconfiguring of social practices, in response to societal challenges,
which seeks to enhance outcomes on societal well-being and necessarily includes the engagement of civil
society actors” (Polman et al. 2017). There are considerable expectations of the potential of SI to address
urgent societal challenges. Following the principles of SETS, the innovation system indicates that SI can
only be successful when a holistic approach to innovation and its governance is applied (see e.g. Ostrom
1990, Ostrom 2009, Kluvankova-Oravska et al. 2013, McGinnis & Ostrom 2014). The aim is to identify
the relationships between entities of SETS and variables that enable or constrain efforts with respect to
the emergence, nurturing, and development of SI. From this innovation-system perspective, the SETSs
are interlinked at multiple levels and their multi-actors interact dynamically. Such a system demonstrates
that change in one area can have important spillover effects on other aspects of resource allocation and
utilization.

We analysed local forest CPR in order to understand the relationships between natural resources and for-
esters as actors within multilevel governance systems and to recognize the capacity of SETS for reconfig-
uration of social practice. CPR regimes are optimal and robust property regimes that could be capable to
ensure balanced use and protection of the natural resources, as well as the provision of public goods (e.g.
ecosystem services provided to society). In this way, human well-being would be assured not just at a lo-

cal level but also on a regional or even state and global scale (Ostrom 1990, Kluvankova & Gezik 2016).




RESULTS AND DISCUSSION

In analysing this particular SETS, it is first crucial to realize that despite forests as natural resources sys-
tems have clear boundaries regarding their owners, the interaction within the whole forest ecosystem is
not limited — forest ecosystems are interconnected and dynamic. To avoid fatal natural disturbances that
could have significant influence on forest productivity and provisioning of ecosystem services (resource
units), it is important secondly to set up effective governance systems and actors relationships enabling
interaction and cooperation. Local users within the forest CPR regime in Low Tatras National Park are ca-
pable of crafting their own rules allowing for sustainable and equitable management of CPRs. Due to their
self-organization, self-management, institutional maturity, local knowledge, communication and trust,
the commoners are more willing to follow their own established rules and monitor others than if an au-
thority were simply to impose its rules. These regimes are preconditions for the continuity of SETSs and
are able to resist natural and social disturbances, avoid short-term individual interests, as well as provide
public goods over the long term and potentially form a set of independent self-governed systems (Berkes &
Folke 1998, Anderies et al. 2004, Poteete et al. 2010, Kluvankova-Oravska 2011).

However, this mature forest CPR regime faces several internal and external disturbances. There is a grow-
ing number of young members within this community because shares in forests are inherited from gen-
eration to generation. The younger generation, meanwhile, is migrating from villages to cities to pursue
better educational and job opportunities. The different life style of the young changes the prevailing values
and preferences, traditional knowledge about forest management is eroded, and thus forest management
in the CPR regime is even more difficult. In addition, this local forest CPR regime also face external chal-
lenges such as global market pressures. If the owners want to be sufficiently competitive, they must adapt
their traditional forest management to current globalization trends. This results in higher forest vulnera-
bility if the forest management regime is modernized and intensified. Further, this local CPR regime must
deal with the fact that a strong windstorm followed by bark beetle infestation has destroyed a significant
expanse of their forest. We examined whether this local CPR regime is able to face such social and natural
disturbances. We found that foresters in this community were able to adapt their traditional forest man-
agement and, despite that no compensation scheme exists, they are trying to intensify the innovative car-
bon-smart forestry practices (Brnkalakova 2016). This results in higher forest resilience and greater for-
est biodiversity through intensifying natural regeneration. Moreover, the local CPR regime is more cost-
efficient in comparison to a state forest management regime within the same locality affected by the same
natural disaster (Brnkalakova 2016).

This case shows that the forest CPR regime has proven its robustness and capacity for adaptation. In spite
of several challenges, this community was able to adapt and reconfigure its traditional forest management
to innovative management, even without any financial or governmental support. The community recog-
nized the need to innovate and adapt its forest management to natural and social disturbances, and thus to
secure the well-being of the local community. In addition, its maturity, self-governance, self-organization,
and trust between community members are crucial variables enabling reconfiguration of this traditional
social practice.

The results of our examination are confirmed by several studies analysing forest CPR regimes in terms of

their effective management of natural resources, contribution to public goods, social innovativeness, and
overcoming of global challenges. Bogotaj & Kr¢ (2014) and Prempl et al. (2015) found that Slovenian CPR
regimes are a potentially effective response to forest management challenges but also a potential model




for social cohesion and balancing forest use and conservation. In addition, it has been recognized that
Swedish forest CPR regimes have contributed to positive development of municipalities and could play an
important role in promoting biodiversity even more effectively than in forests of other ownership catego-
ries (e.g. Lidestav et al. 2013). Significant status of forest CPR regimes in the area of climate change miti-
gation is also confirmed by newly established CPR regimes (so-called woodlands in the UK) that are cre-
ated by local communities with the aim of improving poor forest ecosystems’ quality along with the quality
of life for the local population. Woodlands in the UK use forests for multifunctional purposes (education,
recreation, protection) and are supported by several social programmes and the woodland carbon fund
(Valatin 2012, Nijnik & Pajot 2015).

SETS analyses of self-organized and self-managed traditional forest CPR regimes have proven their adap-
tive capacity. This local community was able to adapt its traditional forest management practices in favour
of innovative, carbon-smart forestry even without greater financial inputs. The emphasis in the policy are-
na on carbon management in forest CPR regimes not only could play a crucial role in climate change miti-
gation and long-term carbon storage but could also contribute to an improved economic performance and
well-being of marginalized mountain regions. In this sense, carbon-smart forestry is a promising, inno-
vative, and vital economic technological-governance model. To develop the social innovation in this case,
the voluntary engagement of local community members was important. In addition, the motivation to in-
crease the resilience and quality of forest that ensures well-being of the local community, for example by
the income from wood sold or as a place to relax, was also a crucial variable that enabled the development
of social innovation.
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ABSTRACT

Climate change and global warming rapidly affect urban residents’ well-being. More than 72% of Europeans
live in urban environments, and their well-being is closely related to environmental quality. How cities are
planned and structured can exacerbate the negative effects of climate change even as natural elements and
green areas are shrinking. The impact of high temperature on human health during heat waves will be one of
the most serious problems associated with climate change, and especially in large urban areas. Heat islands
are mainly due to high concentration and large areas of impermeable surfaces, low moisture, few green areas,
and poor ventilation. We present results from measuring heat islands at two locations in Bratislava and inter-
view key actors from three cities to identify risk perception regarding climate change. Expected results aim
to mainstream ecosystem services into spatial planning in cities in support of operationalizing microclimatic
function of green infrastructure to mitigate negative impact of climate change in cities.

INTRODUCTION

Ecosystem services (ES) are benefits for people from healthy ecosystems affecting human life. The ES con-
cept was introduced in the 1970s, both as an analytical concept and a policy tool for conservation manage-
ment to address the relationship between human societies and the natural environment. Its aim has been
to overcome traditional approaches to managing natural resources (Reid et al. 2005), which have been
based on static conservation of nature and landscape and often overlook ecosystems’ functioning and the
resilience of complex biophysical systems. The main expectation for millennium ecosystem assessment is
to introduce a paradigm shift in natural resource management by targeting ecosystems with the aim of pro-
viding essential values for human well-being through service provisions.

With their capability to produce ecosystem services essential to social, environmental, and economic
health of urban areas, healthy ecosystems constitute the foundations for sustainable cities. Purposeful
green city management thus requires due consideration for ecosystem services capable to mitigate risks
of climate change (CC).

We follow the ES classification known as CICES — Common International Classification of ES (available
online at http://cices.eu/). CICES defines three ES categories: provisioning, regulatory, and cultural. Our
paper addresses a particular group of regulatory ES: micro-regulation ecosystem services in urban areas.
We argue that operationalizing the microclimatic function of green infrastructure into city development
and management are essential to triggering behavioural change of ecosystem providers and users and ef-
fectively achieving CO, mitigation targets.

The intensity of urban heat islands is related to the density of buildings in that area, size of the area, and

type of active surface with typical low evapotranspiration. Green infrastructure is seen as one suitable ad-

aptation measure for cities because it can utilize the potential of ecosystem services. Cities have ‘green’,




‘grey’, and ‘blue’ infrastructure. Green infrastructure incorporates trees, shrubs, lawns, climbing plants,
etc. Grey infrastructure encompasses such built-up areas as buildings and roads. Blue infrastructure in-
cludes such aquatic resources as lakes, rivers, and fountains (Rouse & Bunster-Ossa 2013). Dominance
of grey infrastructure and its spatial complexity are the main factors contributing to urban heat islands,
which are parts of a city or metropolitan area substantially warmer than their surroundings (EPA 2016).
Surface temperatures in cities are generally higher than in the surroundings due to the types and colours of
materials used. Dark surfaces typical of buildings, roads, and other grey infrastructure, absorb more radia-
tion, thereby increasing temperature and heat island effect. In Brno, Czech Republic, for example, during
clear summer days temperatures of artificial dark surfaces may reach 70°C while green areas reach only
about 30°C (Novotny et al. 2016).

The microclimatic function of green infrastructure is an important aspect of urban spatial planning because it
can mitigate the negative impact of CC by evapotranspiration of water, but only if certain principles are fulfilled.
Effective green areas must be sufficiently large and of good quality, and have good water management and low
soil compaction.

MATERIALS AND METHODS

Our work consisted of two main tasks: comparative qualitative research of CC risk and meteorological
field measurements. A case study approach was used to determine perception of CC risk aversion for three
Slovak cities: Bratislava, Trnava, and RuZomberok following project UrbanAdapt - Development of urban
adaptation strategies using ecosystem-based approaches to adaptation (http://urbanadapt.cz/en). Cities
were selected for their differences in size, geographical location, stage of development, and implementa-
tion of CC adaptation strategy and planning. Semi-structured interviews were conducted with key actors.
From each city, 10 experts from national and municipal authorities such as CC and urbanization minis-
try deputies, mayors, urban planners, water management and hydro-meteorological authorities, and such
other stakeholders as universities, tourism actors, and urban forests were selected. We determined CC risk
perception and accessibility of adaptation measures in each city. Questions were focused on negative im-
pact of CC in these cities, the aims being to analyse each city’s current situation and then to suggest effec-
tive measures to mitigate CC impacts there.

Field meteorological measurement (ex post facto) was established in 2016 using small automatic measur-
ing stations for measuring air temperature and relative humidity in two courtyards within Bratislava. The
first courtyard was with greenery, the second without. We also compared results from the greenery court-
yard with sufficient and insufficient water.

RESULTS

To date, only data from RuZomberok and Bratislava interviews are available. Figures 1A and 1B show four
categories of CC risks taken from the project UrbanAdapt. Respondents were asked to rate these risks’ in-
fluence on expected impacts. Figure 1A indicates that among the most urgent CC risks for Ruzomberok is
that of torrential rains. This also concerns the potential danger of flooding and requires pro-active adapta-
tion. Ruzomberok is a city less affected by CC compared to Trnava and Bratislava due to its natural condi-
tions and smaller size. On the other hand, RuZomberok has been active in strategic thinking and planning
for CC mitigation. Thus, it has opportunity to develop a CC strategy to prevent negative effects while reduc-

ing costs and impacts to society and individuals.




Respondents evaluated Bratislava (Fig. 1B) as a city with high risk of heat waves and accompanying neg-
ative effects on human health and increasing energy intensity, at risk of drought and impacts of drying
of vegetation and deterioration in air quality, and at risk of torrential rains that could cause landslides.
Although Bratislava is characterized by poor infiltration of rains, the smallest CC risk was attributed to
flooding.

The interviews were aimed to determine actual and potential risks of CC in three cities with diverse inten-
sity of CC effect and capacity for CC adaption strategies and plans.
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Fig. 1: Preliminary results from interviews in Ruzomberok (A) and Bratislava (B). Risk assessment: 1 —very significant, 2 —
more significant, 3 — significant, 4 — less significant, 5 — insignificant.

The measurements of basic microclimatic parameters (Table 1) — air temperature and relative humidity —
in two courtyards showed differences between the courtyard with and without greenery. The difference be-
tween maximum observed temperatures in the courtyards was 2.4°C. The relatively small difference was
due probably to the small area of the courtyards, where the effect of the greenery (green infrastructure)
was outweighed by the effect of surrounding buildings (grey infrastructure). For effective cooling of air,
it is necessary to have larger compact areas occupied by greenery. On the other hand, a difference of more
than 2°C when the temperature is ca 30°C can be regarded by residents as important and at a threshold be-
tween comfort and discomfort.

DISCUSSION

As indicated by the literature on this subject, increased risk of heat islands in our study area is due to low
evapotranspiration resulting from such technological weaknesses as impermeable materials, the use of
dark roofs on buildings, and inappropriate green infrastructure management practices which cause ‘heat
traps’. Numerous studies show that use of green areas in cities has beneficial effects of reducing air tem-
perature and mitigating other negative CC impacts. Bowler et al. (2010) found that green parks were as
much as 0.94°C cooler during the day than streets. Gill et al. (2007) confirmed these results and added
that if cities had 10% more green areas the maximum surface temperature could be reduced by 2.2-2.5°C.
This was confirmed also by measurements of microclimatic parameters in the two Bratislava courtyards.
Although the differences between the courtyards with and without green infrastructure were not statisti-

cally significant, the findings do indicate challenges and opportunities for well created and managed green




Table 1: Preliminary results from air temperature (Tair) and relative humidity (RH) ements from two courtyards in
Bratislava during August 2017. Presented are a courtyard without greenery and one with greenery.

Minimum Average Median Maximum
Without greenery
Tair (°C) 14.1 241 236 38.6
RH (%) 19.6 53.5 51.9 98.2
With greenery
Tair (°C) 13.2 232 22.8 36.9
RH (%) 219 56.5 54.9 100

infrastructure. These findings are confirmed by Maco (2015), who examined the effectiveness of manage-
ment in green semi-public urban areas constituting more than 30% of existing green areas in Bratislava.
In particular, we see an urgent need to reconsider ongoing practices and adopt ecosystem-based adapta-
tion in maintaining trees as a source of larger biomass accumulation (Marek et al. 2011 and outputs of
UrbanAdapt available at http://urbanadapt.cz/en).

Considering that three-quarters of Europe’s population lives in urban environments and risks associated
with CC are rapidly increasing, vulnerability of cities in terms of health, well-being, and quality of the life is
becoming serious. Scaling up green infrastructure management within urban spatial planning has signifi-
cant potential for improving cities’ capacities to meet CO, mitigation objectives, improve well-being, and
reduce risks of potential health or economic collapse.

Results from the assessment of risk perception in Bratislava and RuZomberok indicate both differences
and commonalities. Awareness among relevant stakeholders has been increasing over the past decade as
CC adaptation has become part of public policy, development planning and implementation, and delibera-
tive processes at city level. There is also evidence of growing knowledge and understanding of the associ-
ated risks. Differences in interview responses reflect in part different biophysical conditions. Ruzomberok
is in a mountainous area and the increased risk of floods is recognized there. Highly urbanized Bratislava,
meanwhile, is especially vulnerable to heat waves.

Future research is planned to complete the risk aversion analyses and, in combination with evidence from
climate regulation measurements, to draft recommendations for CC-related measures to be incorporated
into spatial planning practices in Slovak cities.
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ABSTRACT

Inresponse to the increasing popularity of the ecosystem services concept among scholars and policy mak-
ers on the international level, it has become time to analyse the current state and possibilities for national
policy and decision-making in reflecting this concept. This article presents a sneak preview of research
focused on content analysis of environmental policy documents. Two current and one outdated climate
change policy document are analysed regarding notions of the ecosystem services concept and other as-
pects of an ecosystem-based approach. The output data show contrasting results, with the Adaptation
Strategy scoring very high compared to the Climate Protection Policy, which almost does not reflect the
ecosystem services or related ecosystem approach. Implications of the results and the entire context of the
research are discussed in respective sections.

INTRODUCTION

When reading contemporary environmental policies, an ecosystem approach is often used to describe
complex relationships between humankind and environment. In scientific discourse, increasing atten-
tion is being given to the concept of ecosystem services (ES) (Kull et al. 2015), which can help to describe
multiple nature—society interactions in a holistic way. Since 2008, which marks the historic year of the
first Ecosystem Services Partnership (ESP) conference, the number of peer-reviewed published papers
with the keyword “ecosystem services” in its title has more than doubled (authors’ own research using the
SCOPUS database, search period 2008—2016). It has also become a mainstream topic on a policy level
(Bouwma et al. 2017), pushed forward by the latest developments and outcomes of the Intergovernmental
Panel on Biodiversity and Ecosystem Services (IPBES) platform (Diaz et al. 2015). The concept of ES pro-
vides us with a unique framework that allows us to uncover often invisible or overlooked values and ben-
efits (or disservices) provided by nature to people and to integrate them into policy and decision-making.
Moreover, it enables us to visualize synergies and trade-offs (Schaefer et al. 2015).

In general, the aim of this research is to assess the usability of the ES concept in policy and decision-mak-
ing. This area is still rather in its infancy compared to the plethora of methods and tools developed for eco-
system assessment inclusive of valuation and mapping (Rinne & Primmer 2016). Therefore, it calls for at-
tention from multi- and transdisciplinary research. When aiming to achieve common socio-environmental
goals (conservation of biodiversity, sustainable use of ecosystems, etc.), the ES concept can be advanta-
geous in terms of playing the role of a transdisciplinary boundary object, which has the ability to engage
different societal actors, including non-scientists and politicians (Abson et al. 2014).

The preliminary results presented here are focused on an analysis of environmental strategy documents. If
we accept that institutions (e.g. rules, regulations, but also habits) influence people’s behaviour, then we

may also ask what rules could produce a specific targeted behaviour (e.g. reflecting the ES concept). What




makes certain ideas able to influence institutions and become part of policies and strategies falls within the
focus of the institutionalism stream of political science (Schmidt 2008). The increasing popularity of the
ES concept in science (Kull et al. 2015) is closely followed by its increasing institutionalization, such as in
environmental policies of the European Union (Bouwma et al. 2017). As previous research suggests, at-
tention to institutions, institutional setting, and higher level policies could enhance the possibility for in-
tegrating the ES concept into “real life” policy and decision-making (Greenhalgh & Hart 2015, Rinne &
Primmer 2016).

MATERIALS AND METHODS

The qualitative content analysis method provides efficient means and flexibility to describe the use of a cer-
tain element in text data (Weber 1990, Hsieh & Shannon 2005). This method is used to answer the ques-
tion whether existing national environmental policies in the Czech Republic use ES or a related ecosystem-
based approach. A secondary question — how has the adoption of the ES concept in the policy changed
in time? — was applied to the cases where it was possible to compare an existing and valid policy with its
previous, outdated version. The complete list of main national environmental policies contains 19 stra-
tegic documents, programmes, concepts, and plans in eight fields (general environment, nature protec-
tion, climate change, air protection, water protection, wastes, risks, and sustainable development). This
article focuses on national climate change policies of the Czech Republic: the Climate Protection Policy of
the Czech Republic (Climate Protection Policy) and the Strategy on Adaptation to Climate Change in the
Czech Republic (Adaptation Strategy).

The method of content analysis was used to search for explicit notions of the ES concept and for other as-
pects of the ecosystem-based approach. Conjunctions of words operating with the term “ecosystem” were
coded into either explicit mention of “ecosystem services” or other related topics (e.g. ecosystem func-
tions, protection, restoration, resilience). These topics were then quantified regarding their frequency of
occurrence in the documents.

RESULTS

The first policy document analysed in this article is the Climate Protection Policy of the Czech Republic,
which was adopted in March 2017 and replaced the previous National Programme to Abate the Climate
Change Impacts in the Czech Republic (National Mitigation Programme) from 2004. Therefore, it was
possible to compare these two documents to see how climate change policy has evolved over time in rela-
tion to the ES concept and the ecosystem approach in general. The number of hits for the searched key-
words was in total very low. It fluctuated from 1 to 2 in the actual policy and from 1 to 4 in the previous one
(see Fig. 1). There is a clear shift from topics like ecosystem protection and climate change impacts on eco-

systems to one explicit hit for ES and support of ES research.
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Fig. 1: Number of hits for topics related to ecosystem services (ES) or ecosystem approach in the Climate Protection Policy
of the Czech Republic and the National Programme to Abate the Climate Change Impacts in the Czech Republic.

The second document constituting climate change policy is the Strategy on Adaptation to Climate Change
in the Czech Republic, adopted in October 2015. This document does not have a direct predecessor, even
though it partly replaces the previously mentioned National Mitigation Programme from 2004. The num-
ber of total hits for the keywords and topics related to ES is very high (see Fig. 2). It fluctuates from 1 to 58
with a great variety of topics. The three most frequent topics are explicit mention of ES (58), followed with
a significant gap by ecosystem protection (18) and forest ecosystems (17). The category of ecosystem ben-
efits stands alone, since its meaning is slightly different (Fisher et al. 2009), but it could also be added to the
term ES, which would then receive a total number of 60 hits.

60
50
40
30
20
10

frequency of occurrence

Fig. 2: Number of hits for topics related to ecosystem services (ES) or ecosystem approach in the Strategy on Adaptation to
Climate Change in the Czech Republic (2015).

DISCUSSION

The content analysis of environmental policy documents is the first essential step in analysing the cur-
rent level of integration of the ES concept into national policy and decision-making processes. The output
data of the climate change policy analysis show contrasting results. The newest Climate Protection Policy
mentions the term ES only once, whereas the slightly older Adaptation Strategy scores an astounding 58
hits, along with another 26 topics related to the ecosystem approach. The extent to which the Adaptation

Strategy relates to the ES concept is very significant also when compared to, for example, the State




Environmental Policy of the Czech Republic 2012-2020, which had “only” 11 hits. This suggests that the
climate change adaptation policy is significantly targeted to ecosystems (and ES). It is possibly a product
of ecosystem-based approaches to adaptation, which have their important place next to hard-engineering
structures common in this field (Jones et al. 2012).

Results of the content analysis will be used in the next phase of the research to design questions for semi-
structured interviews with institutional stakeholders (stakeholders representing institutions with nation-
wide operation). The second stage will aim to analyse stakeholders’ preferences and attitudes towards the
ES concept, as well as to identify priority ES and perceived values of nature. Furthermore, the interviews
will be designed to identify power relationships among stakeholders, which influence the flow of ES and
create barriers against a “full” use of ES. The power relationships are defined by Felipe-Lucia et al. (2015)
as “the human ability to control or influence the access of others to ES”. In such a setting, it is hypothesized
that environmental policies and decision-making processes may act as another “stakeholder”, which can
influence the flow of ES. Last but not least, the data from interviews can help to identify barriers to and op-
portunities for better integration of the ES concept into environmental policy and decision-making.
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ABSTRACT

In spite of an adaptation plan endorsed by the city’s authorities, Khartoum State, the capital of Sudan, has re-
petitively experienced a series of ravaging climate variability impacts. As in similar cases elsewhere, there are
indications of financial and institutional incapacities and shortfalls to run the adaptation process, as well as
lack of public knowledge about climate change. It has been argued that having well-informed communities in
some developing countries has reduced vulnerability and exposure to climate-origin disasters. Aiming to pro-
vide quantitative insight into the community’s knowledge and attitudes about climate change, this study pre-
sents the results of a survey carried out in 2014 in a simple random sample of Khartoum State residents encom-
passing 395 households. Data analysis showed that >75% of the respondents were aware of both the term “cli-
mate change” and its main causes. Due to certain cultural and religious factors, however, familiarity with its
associated risks was less (25-75%). Moreover, knowledge regarding the ongoing government efforts, leading
institutions, participating non-government organizations, and beliefs about the capability of Khartoum State
authorities to adapt the city to the foreseen impacts was found to be low (<25%). Of the respondents, 49% be-
lieved that both human activities and God are responsible for causing climate change. Seventy-nine per cent
of the respondents were interested in acquiring information about climate change, but only 55.3% frequently
obtain it. Although 79% of the respondents would agree or strongly agree to pay in order to mitigate climate
change, 50.4% believed that nothing had been done by local government to mitigate that change. The study
provides unprecedented insight into knowledge and attitudes towards climate change among Khartoum State
households. The results can be used by city authorities and government politicians to support ongoing adap-
tive procedures and decision-making while narrowing the knowledge gap concerning climate change risks.

INTRODUCTION

Khartoum State is the capital of Sudan. It has an area of 22,000 km? and 6,534,796 inhabitants (Central
Bureau of Statistics 2013). Khartoum State is divided into seven localities and 36 administrative units.
Its population consists 54% of men, which figure reflects a male-dominated migration process (Eltayeb
2003). The age structure of the Khartoum State population is as follows: <15 years of age, 37%; 15-40
years of age, 45%, and >50 years, 18% (Central Bureau of Statistics 2013). The overall illiteracy rate in
Khartoum State in 2014 was 25% (Higher Council for Strategic Planning 2014). With its vast area and
dense population, Khartoum State suffers from a lack of proper infrastructure, such as a rainwater drain-
age system, and this adds further to the city’s vulnerability. Moreover, plausible climate change scenar-
ios anticipate serious climatic consequences in Khartoum State. In 2013, the city’s legislative and exec-

utive bodies endorsed and mainstreamed a climate change adaptation plan. Meanwhile, Khartoum has




repetitively experienced a series of ravaging climate variability impacts. Similar cases point to financial and
institutional incapacities and shortfalls to run adaptation processes, as well as lack of public knowledge
regarding climate change. Baldassarre et al. (2010) provided examples of best practices from developing
countries where well-informed communities have reduced vulnerability and exposure of many dwellers to
climate-originated disasters. Many data have indicated that populations with poor knowledge about cli-
mate change impacts and ongoing governmental activities to tackle them may have carefree attitudes to-
wards the problem and that this eventually increases those communities’ vulnerability and exposure to the
adverse impacts of climate change. Stehr and Grundmann pointed out that knowledge is a first step toward
taking needed action (Stehr & Grundmann, 2012).

The present study aimed to investigate the knowledge and attitudes in relation to climate change among a
random sample of inhabitants from Khartoum State, the intents being to reveal the extent to which people
are aware of risks associated with climate change, the climate topics most of interest to them, and the me-
dia sources from which respondents most frequently are obtaining information (Alhuseen 2015).
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Fig. 1: Study area location and survey sites (Alhuseen 2015).




MATERIALS AND METHODS

The survey was carried out in 2014. It covered a simple random sample of 395 households. Sample distri-
bution between the seven localities of Khartoum State was done proportionally and the selection of house-
holds was by convenience (Fig. 1). The size of the simple random sample was decided using the following
formula:

_ p(1-p)z
n= T

where p is the assumed prevalence of the event in the population under study (usually based on previous

b

studies, field data or the literature), z is the critical value obtained from a standard normal distribution,
and e is the maximum absolute error. The value for p was set to 0.50, as there are no previous similar data.
The level of confidence was set at 95% and its corresponding z value 1.96 was used. The value for e was set
at0.05.

The questionnaire consisted of four sections designed to provide information about the following:
Demographic characteristics of the surveyed households (sex, age group, place of birth, education, and
employment status).

House characteristics (e.g. building materials, source of drinking water, house ownership, type of sewage
system used).

Climate change knowledge (knowledge of the basic term climate change, its meaning, its main causes,
climate change topics that most interest them, and sources from which they obtained their knowledge).
Beliefs and thoughts about causes of climate change, including the role of government in relation to cli-
mate change and respondents’ willingness to pay to mitigate it.

The sample had a balanced sex structure, with 52.2% of respondents being males and 47.8% females. The
predominant age group, at 35% of the sample size, was 18—30 years old. While 51% of the respondents
were born outside Khartoum, 21% of them had moved to Khartoum from other states during the 2000s.
Fifty-two per cent of respondents had lived in their neighbourhoods for time periods ranging between 11
and 30 years. Marital status of the surveyed sample revealed that; 58% of the households were married
while unmarried, widowed and divorced or separated households represented 42%, employed and appren-
tice households composed 77% of the sample, meanwhile, the workless households were 23%. A glimpse
of the education level of the respondents showed that; 42.2% holds non-university degree, 55% carries
bachelor or postgraduate degree, 2.5% were illiterate and 0.3% with no answer provided.

RESULTS

Frequency and percentage analyses were applied to the survey results. More than 75% of the respondents
were aware of both the term “climate change” and its main causes. However, familiarity with its associat-
ed risks was less (25-75%), due in part to belief in divine will and destiny. Moreover, knowledge regarding
the ongoing government efforts, leading institutions, and nongovernment organizations, as well as trust
in the capability of Khartoum State authorities to adapt the city to the foreseen impacts were found to be
at the lowest level of knowledge among the surveyed sample (<25%). Forty-nine per cent of respondents
believed that both human activities and God are responsible for causing climate change (Fig. 2). Seventy-
one per cent of respondents showed interest in reading, listening to, and watching information on topics

about climate change, but only 55.3% frequently read, listened to, or watched such information. Television




was the main source from which the majority of respondents obtained climate change knowledge. Rainfall
and floods are the topics that most interested the respondents. Although 79% of respondents agreed or
strongly agreed they were willing to pay to mitigate climate change, 76.8% considered themselves as being
inactive at the household level in adapting to climate change. Many respondents believed that nothing was
being done by local (50.4%) and federal governments (48.4%), respectively, to mitigate climate change.

Don’t know /
Not sure Man-made
4% 34%

Both God and
Man-made
499

Caused by
God
13%

Fig. 2: Responses to the question about who is causing climate change (Alhuseen 2015).

DISCUSSION

The survey results showed that the study sample has significant knowledge about climate change, al-
though there is still a knowledge gap in this area needing to be properly filled by effective means. Some
major findings of the current study have been vindicated by a similar study carried out among farmers in
Nigeria (n =49 farmer households). Whereas 96% of those in the Nigerian sample had heard the term “cli-
mate change”, their knowledge of risks associated with climate change was at a very low level (Terdoo &
Adekola 2014). Similarly, that same study found that beliefs may affect perception and proactive actions
in relation to climate change risks, and one-fifth of respondents hoped for a divine solution to the hazards
associated with climate change (Terdoo & Adekola 2014). Bord et al. (2000) had argued that although ac-
quiring good knowledge about the causes of climate change may indicate both stated intents to take volun-
tary actions and to vote to enact new government policies regarding climate change, this remains limited
to individual action and intentions rather than to societal actions that bring about change. They further ar-
gued that despite increasing scientific knowledge on climate change, actions are slow to occur, particular-
ly at the political level (Bord et al. 2000). On the other hand, a World Bank study (The World Bank 2009)
showed high willingness to pay in 14 out of 15 developed and developing countries where a poll had been
conducted, but this also reflected respondents’ weak belief in the adequacy of the roles that their national
governments were playing. The present study provides unprecedented insight into the knowledge and at-
titudes towards climate change among Khartoum State households. The results obtained can be used by
city authorities and researchers to support ongoing adaptive procedures while building upon the strong
tendency towards willingness to pay among respondents and to further bridge the knowledge gap regard-

ing risks associated with climate change.
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ABSTRACT

A European Union directive set as a goal that renewable energy sources have a 20% share in final energy
consumption by 2020. The Czech Republic has committed to fulfil the goal of 13%. This aim increases the
demand for renewable energy, which means construction of more renewable sources is necessary. This
is associated with both positive and negative externalities, however. Mayors of the municipalities face a
decision whether or not to support any given renewable energy source and they need to consider all the
possible impacts. Impact assessment methodologies currently in use focus on particular areas of evalu-
ation but their evaluations are not comprehensive. This study presents an overall framework designed to
help the mayors or potential renewable energy source investors with the decision-making process. The
Regional Impact Assessment Framework (RegiolAF) includes all important effects connected to the op-
eration of renewables: employment, regional gross domestic product, costs and revenues for the munici-
pality, environmental impacts, and secondary impacts (e.g. energy prices, business environment). Based
on the framework, each mayor can decide whether a given energy source is or is not suitable and efficient
for the municipality.

INTRODUCTION

In reaction to climate change, the European Union issued a directive setting as a goal that renewable ener-
gy sources (RESs) will have a 20% share in final energy consumption by 2020 in order to reduce CO, emis-
sions. The Czech Republic has committed to a goal of 13%, which imposes important requirements on de-
cision makers. Based on the Czech National Action Plan (Ministry of Industry and Trade 2015), there is a
suggestion to reach a 15.3% share of energy from renewables in final consumption. According to the Paris
Agreement signed in 2015, the climate policy sets the goal to maintain the limit of rise in global tempera-
ture below 2°C (A¢ 2017). In view of these aims, it is necessary to decide which RESs are suitable for dif-
ferent locations. Renewables’ development is often associated with negative externalities, and these may
be taken into account when deciding whether or not to support a given project.

Mayors of towns and villages in the Czech Republic lack information essential to making these decisions
optimally. They also have no comprehensive evaluation methodology for examining impacts of various
RESs and which would help them to decide whether given types of RESs should be built in their municipal-
ities. A proper decision process should encompass all the different effects and externalities (both positive
and negative). Currently, the regulatory impact assessment (RIA) is often used at state level and ultimately
environmental impacts are evaluated using environmental impact assessment (EIA) at project realization
level. Within RIA, the financial impacts (such as an impact on the state budget) are primarily evaluated. In
addition, macroeconomic assessments (such as Next Finance 2012) are mainly carried out to analyse the

impact on the state.




This paper focuses on a newly prepared framework for comprehensive impact assessment of RESs on the
local level. A review of the relevant literature shows that it is almost impossible to calculate the impacts of
renewables (e.g. Vezmar et al. 2014), and quantitative monetary evaluation is usually replaced by a qualita-
tive impact assessment. Another option is to apply a multi-criteria analysis, which is the case in this paper.
The methodology presented here will help mayors to include all the important aspects that should be taken
into account during their decision-making processes.

The structure of the paper is as follows: The next section describes the information sources drawn upon
and regional- or local-level impacts to be evaluated. The following section briefly presents the resulting
Regional Impact Assessment Framework (RegiolAF), and the final section discusses how RegiolAF can
be used by mayors or potential investors.

BASIS FOR THE FRAMEWORK

This paper introduces a different approach to evaluating RES impacts. Unlike the commonly used macroe-
conomic point of view, the authors focus at regional level. The RegiolAF is designed based on extensive lit-
erature research and connects different kinds of impacts of particular RESs. The renewables addressed by
this study are biogas (e.g. McCombie & Jefferson 2016), photovoltaic (e.g. Garcia et al. 2017), wind (e.g.
Kazak et al. 2017), water, and geothermal energy (e.g. Vezmar et al. 2014) sources.

One of three methods usually is used for impact assessment and decision-making support: RIA, EIA, or
LIA (local impact assessment). LIA evaluates the effects in the region or at a specific location. Those con-
cepts can be regarded as too general for present purposes. The paper aims to develop the RegiolAE which
strictly defines what needs to be monitored. It is a combination of methods and key aspects, which makes
it a local impact assessment focused on renewable energy sources in the particular location (village, city,
region).

RegiolAF is developed based on a literature review and current evaluation methods (RIA, EIA and LIA).
The study shows the categories of impacts regarding which the mayor should take account. There are
primary and secondary impacts. The group of primary impacts includes (i) employment (long-term and
short-term), (ii) gross domestic product at regional level, (iii) revenues for the municipality, (iv) costs for
the municipality, and (v) environmental impacts (set of indicators). The secondary impacts can be defined
as energy prices, business environment, technology and infrastructure level, education and human capital,
and municipality development.

THE ASSESSMENT FRAMEWORK

The following table is one of RegiolAF’s key tools useful for RES evaluation. Positive and/or negative im-
pacts are evaluated for each category. Positive and negative impacts are divided into three degrees: sig-
nificant, medium, and low. The mayor (or potential investor) will go through the table and evaluate the
impacts based on the situation within the municipality (which may differ greatly from one municipality
to another because of regional disparities), thereby creating a summary of the overall impact. To facilitate
evaluation, a description of each category and its significance is included into the methodology. For exam-
ple, the category “environmental impacts” is divided into several subcategories, such as land use, air qual-

ity, erosion, and biodiversity.




Table 1: Regional Impact Assessment Framework for examining primary impacts of renewable energy sources.

Degree of impact

NEGATIVE (-) | No | POSITIVE (+)

Regional Impact Type E = :g:n -
32|10+ 43| B2

Long-term employment

Short-term employment

Regional gross domestic product

Revenues for the municipality

Costs for the municipality

Environmental impacts

Overall impact 102)0

DISCUSSION

The main user of the RegiolAF will be a municipality’s mayor, who deals with the decision whether to build

a renewable energy source or not. The methodology could also be a useful guide for potential investors.

It can serve for structuring the main arguments to receive financial support for renewables development

within the region.

The presented framework avoids monetary evaluation, which is an inaccurate way of analysing the im-

pacts. Alternatively, one could use cost-benefit analysis, but that method is costly and time-consuming.

Therefore, the RegiolAF introduces a comprehensive overview of positive and negative impacts of renewa-

bles and serves as a user-friendly guide for decision makers.
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