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Il. SPACE TECHNOLOGY AND ENVIRONMENTAL
MONITORING

ASPECTS AND PERSPECTIVE OF INTERIM ECOLOGICAL
MONITORING APPLICATION ON ECOSYSTEMS BY MEANS OF
REMOTE SENSING

Kameliya Radeva

Abstract: Identifying and detailing the biophysical characteristics of species and habitats, habitat mapping, predicting the
distribution of species and spatial variability in species richness and detecting the influence of natural and human-caused disasters
on biodiversity urgently implies interim ecological monitoring implementation as part of regular ecological monitoring. The term
‘interim ecological monitoring” implies the development of models for ecological monitoring, while integrating remotely sensed
data. This paper explores how recent advances in spatial and spectral resolutions of satellite sensors can contribute to studying
aspects of biodiversity, as well as discussing advantages and challenges of adopting such technologies for biodiversity
conservation. The application of interim ecological monitoring methodology contributes to completion of the available data base
for the actual condition of ecosystems considering different influence indicators. This paper demonstrates that interim remote
sensing data can offer valuable information about diversity patterns and has the potential to become an effective tool in
biodiversity evaluation and conservation. The review highlights the aspects and perspectives for interim ecological monitoring
application in view of remote sensing potential for investigating the environmental and ecological processes, analyzing the
condition of the landscape features and species diversity. This paper emphasizes on the possibilities of interim ecological

monitoring to provide decision-makers with high quality and consistent data on ecosystems services potential.
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INTRODUCTION

Monitoring is a special information system for
repetitive observations and analyzes of one or more
elements on the environment condition which is
intended to register, assess and predict the influence
of different factors on ecosystems. The system which
monitors, analyzes and forecasts the biosphere changes
resulting from different impacts is defined as
ecological monitoring [1]. The purpose of the
present report is to consider aspects and perspectives
of interim ecological monitoring as part of
ecological monitoring by means of aerospace data
with different spectral and space resolution and in
relevance of object type to be monitored. Current
research illustrates how ecological problems ranging
from biodiversity loss to land-use change have
benefited greatly from advances in geospatial
technologies such as GIS and remote sensing, both
in the provision of data and access to spatial data
analysis tools. The integration of GIS and remote
sensing for ecological mapping and monitoring,
while addressed in earlier investigations from Stoms
and Estes, Franklin and Goodchild, has become
more important as these data and technologies
continue to evolve, and as ecological issues become
more critical [2]. Reconciling differing stakeholder
perspectives and needs will boost the timely
provisioning of reliable information on the current
and changing distribution of biodiversity to enable
effective  conservation management. Interim
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ecological monitoring will enhance the process of
developing tools and models for consistent multi-
annual monitoring of protected areas and their
surroundings through integrated use of remote-
sensing and in-field data [3]. The application of
interim ecological monitoring data and results for
designing flexible measurements and undertaking
adequate actions to maintain and improve
ecosystems condition 1is just one aspect of issue to
be discussed in this report.

The investigation made by Christine Schleupner
in “Estimation of spatial wetland distribution
potentials in Europe® [4] refers to the role of remote
sensing for monitoring application of wetlands. The
author designed a model that provides an important
prerequisite for the further development of a cost-
effective wetland site-selection model of an EU-
wide ecological network of wetland sites. The basis
of this model is the optimal combination of existing
spatial datasets to obtain the spatial distribution of
wetlands by definition of flexible knowledge rules
[5]. A promising approach is the one developed by
Costanza et al. [6] to model the effects of wetlands
for hurricane protection in the US. In principle, this
approach could be used to model several ecosystem
types simultaneously (e.g., mangroves, corals and
seagrasses) and their interactions. Costanza et al.
considered extending their approach to the global
scale, but were prevented from doing so by the lack
of good wetland maps [6, 7]. Even CORINE
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biotopes data [8] that are based on reported
NATURA2000 sites do not represent the existing
wetlands completely. Most studies concentrate on
nonforested peatland only [9]. The most detailed
information about wetland habitats in Europe offers
the EUNIS (European Nature Information System).
However, interim ecological monitoring can
generate data for wetlands condition and helps to
update the existing or develop new and more precise
maps of wetlands.

Accurate ecological monitoring has been
implemented in Kruger National Park (KNP),
Southern Africa to inform management practices,
thereby maintaining biodiversity. The park operates
as a preserve for endemic flora and fauna, and is a
major visitor attraction. It is believed that
management practices throughout the twentieth
century have fundamentally altered vegetation
distribution throughout the park. In particular,
numerous artificial water resources were created to
attract wildlife to specific locations for viewing by
tourists. The increased water resources may have led
to an overall increase in vegetation abundance, and
may be contributing to structural homogenisation of
the park's vegetation Related processes include
infestation of alien plant species and dramatic
growth in certain animal populations, notably
elephant and rhinoceros. A rich remote sensing (and
associated geographical information system) data
resource is available for the park, including images
from Landsat, SPOT, IKONOS and QuickBird
instruments, and numerous airborne images and
photographs. Given the difficulties of allocating
pixels to specific land cover classes in mixed
environments like KNP, it can be useful to use
continuous rather than thematic representations.
Research remains ongoing to exploit fine spatial
resolution satellite sensor imagery, in combination
with coarser spatial resolution imagery, for
ecological investigation in KNP. In particular,
vegetation information derived from remote sensing
is integrated with animal population data to further
our understanding of the dynamic relationship
between flora and fauna [10, 11, 12].

METHODS AND MATERIALS

A key element in the environmental monitoring
process is to achieve reliable, timely and effective
environmental monitoring of the state and trends in
biodiversity that will enable the establishment and
implementation of conservation strategies. Interim
ecological monitoring gives such an opportunity as
results obtained by its application will contribute to
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data availability for ecosystem status assessment
upon the time of its implementation and ability to
convey information to the policy making and
implementation  processes of indicators for
integrated ecosystems and their services assessment.
Remote-sensing technologies can deliver data on
habitat quantity (amount, configuration) and quality
(e.g., structure, distribution of individual plant
species, habitat types and/or communities, and
persistence) across a range of spatial resolutions and
temporal frequencies [13, 14].

In the present report two objectives on which the
interim ecological monitoring has been applied are
analyzed: Wetland in the area of quarry lakes,
Negovan village, Sofia city and Nature Reserve
SINI BRYAG near Bozhevtsi village, Sliven region,
that is a century-old virgin beech forest. For the
implementation of interim ecological monitoring on
described sites remote sensing images with high
resolutions have been used. This type of images
serve as measure biophysical properties of surface
environments (e.g., vegetation, water and soil) of
relevance to conservation, changes in the state of
land cover or habitat quantity/quality and generate
categorical products (2D/3D thematic maps and
spatial distributions) [15]. Images with high
resolution have been applied for monitoring of
small-sized habitats and/or areas with difficult
access. Interim ecological monitoring on both
objects has been applied with aim to establish and
track the ecosystem condition prior to regular
monitoring.

The structure of interim ecological monitoring
application is designed based on three main criteria
[16]. The first criteria can be determined when the
temporal interval of the natural hazard occurrence
falls within the temporal interval accepted in the
methodologies for regular monitoring implementation:

(D,
where Atk temporal interval of regular
monitoring for a certain ecosystem type (i),
tham last temporal point of regular
monitoring for a certain ecosystem type (i),
thpy — previous temporal point of regular
monitoring for a certain ecosystem type (i).

The second criterion refers to establishing the
necessity of interim ecological monitoring
implementation. We can define two cases. In the
first one a check whether tipyzy ;j belongs or not

Atpy = tirm — thrM

to Athy, where thpyey j is temporal interval of the
occurrence of natural hazard or manmade influence
for a certain ecosystem type (i) and Atpy is
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temporal interval of regular monitoring for a certain
ecosystem type (i).

The third criteria demonstrates the dependence
between temporal interval of regular monitoring
Atk,, for a certain ecosystem type (i) and temporal

interval for interim ecological methodology At}

Atk € Ath

,l.e
(2)

The structure of interim ecological monitoring
methodology has been shown on Fig. 1 below.
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Fig.1. Structure on Interim Ecological Monitoring Methodology

During interim ecological monitoring complicated
processes can be analyzed that take place in ecosystem
and thus implies biotic and abiotic factors to be
included in multicomponent analysis [17, 18].

The essential moment in remote sensing
application is the choice of satellite data consistent
with temporal criteria of interim ecological
monitoring. On the other hand the data choice
should be consistent with the ecosystems type and
their functional and geometrical characteristics.
Interim  monitoring on environment survey
methodology includes the application of Vegetation

Indices (VI), ranging from evapotranspiration
estimates to forest structure. The Normalized
Difference = Vegetation Index (NDVI) and

Normalized Difference Greenness Index (NDGI)
have become the most extensively used VI in
ecological remote sensing.

Most wetland studies deal with water quality and
quantity assessments at local, regional or watershed
scale, others concentrate on wetland functions and
values or on vegetation and biodiversity patterns.
[19-31]. Interim ecological monitoring data can help
to distinguish between existing wetland habitats and
potential convertible sites for restoration of wetland
biotopes by considering actual land use options. The
wetland in the area of quarry lakes in Negovan
village that has been analyzed in the present article
is such an example.
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RESULTS AND DISCUSSION

The results in the present paper have been
obtained by interim ecological monitoring
implementation on two different ecosystems:
wetland in the area of quarry lakes in Negovan
village and protected area (Nature Reserve SINI
BRYAG). The research (interim ecological
monitoring) has been fulfilled for two different cases
considering the lack of natural hazards for the
Nature reserve and abiotic factor influence for the
wetland .

For the wetland high resolution data and
multispectral satellite data from sensor Sentinel 2
before and after the application of restoration
measures and for the nature reserve multispectral
satellite data from sensor Sentinel 2 for two dates
have been used. The temporal intervals are selected
in a way that they coincide with the temporal
interval of regular monitoring. Terrestrial data from
precedent temporal intervals have been used for the
verification of the obtained results from interim
ecological monitoring application.

For the observed ecosystems methods of satellite
data processing that include orthogonalization of
satellite images, NDVI, NDGI, correlation analysis and
multicomponent analysis have been used. [32, 33].

A common means of characterising the presence
of vegetation, for instance, is through NDVI analysis
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(Fig. 3, 4). This has the benefit that pixels are not
forced into (sometimes inappropriate) classes, but
instead provide a proportional measure of

vegetation. Further, analyses such as NDVI can
contribute to the derivation of biophysical variables
such as LAI and NPP. Habitat interim monitoring
can be performed by comparing analyses such as
land cover classification and NDVI over time.
Research remains ongoing to exploit fine spatial
resolution satellite sensor imagery, in combination

f) 17/04/2015

m) 10/06/20 17 n) 02/07/2017

with coarser spatial resolution imagery for ecological
investigation in different ecosystems types while
interim ecological monitoring has been implemented.

In Fig. 2 images from Google Earth with different
dates and for a four-year period, as well as composite
satellite images for 06/04/2016 (Ch 432,482,1384)
from Multispectral Instrument (MSI) from Sentinel 2
for the Wetland in the area of quarry lakes in
Negovan village have been presented.

0) 05/08/2017 p) 11/08/2017

Fig. 2. Wetland Negovan (Sofia region, Bulgaria) from Google Earth for different temporal dates and Sentinel 2 (g, h, 1)

Having in regard the information submitted in
Fig. 3 a)3D-distribution of W/G 06/04/2016, b)3D-
distribution of Wetness for 09/04/2017 and
23/07/2017, ¢)3D- distribution of W/G 09/04/2017,
e) 3D- distribution of W/G 23/07/2017, it can be
concluded that the water level has started to
decrease and vegetation cover to increase after
06/04/2016 till the last image for 11/08/2017.
Analysis shows that the decrease of water surface is
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due to low rain and demonstrates there is a process
of fouling in which case adequate measures for area
restoration of water surface for the wetland should
be completed. In order to test the hypotheses
relating to biodiversity change (e.g., on species—
habitat relationships) it is necessary that upon
interim ecological monitoring application data with
high resolution can be used in combination with
discretely collected field data [34].
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In Fig.4 composite satellite images (Ch 432)
from MSI from Sentinel 2 for the protected area
Nature Reserve SINI BRYAG for three different
years 2010, 2015 and 2017 and similar dates have
been presented. Results for the value of Greenness

and spectral reflectance characteristic diagram for
the period 19-24/08/2017 have been obtained based
on Tasseled Cup Transformation (TCT). The results
show that no change in the vegetation dynamics has
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Fig. 3. Wetland Negovan (Sofia region, Bulgaria): a) 3D-distribution of W/G 06/04/2016,

b) 3D-distribution of Wetness for 09/04/2017 and 23/07/2017, c¢) 3D- distribution of G/W
09/04/2017, e) 3D- distribution of G/W 23/07/2017

Referring to the obtained results from the interim
ecological monitoring on two different ecosystem
types (wetland in the area of quarry and protected
area) the following conclusions can be generated:

- The satellite data from remote sensing are
applicable and present objective results in interim
ecological monitoring implementation;

- The results from the wetland research
demonstrate that interim monitoring should be
implemented since even only by abiotic factors

monitoring in case of lack of natural hazard
occurrence, substantial changes that lead to
misbalance in the sustainable development of the
ecosystem have been observed;

- In the case of the Nature reserve SINI BRYAG
substantial modifications during interim monitoring
are not identified. This fact confirms the sustainable

development of the ecosystem during the period
considered;
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- Interim ecological monitoring methodology
includes estimation of vegetation structural and
biophysical parameters from remotely-sensed data.
Therefore interim ecological monitoring uses
empirical methods to relate spectral data and various
image derivatives to vegetation characteristics. If
these parameters are strongly correlated with
remotely sensed data, they can be used to predict
those biophysical attributes over large extents;

- Data derived from interim ecological
monitoring can be used to improve the Species
Distribution Models by its updating and high quality
of input data;

- Interim ecological monitoring data can be
valuable for conducting specific actions for
wetland/protected area restoration since river
regulations, peat extraction or urbanization on
former wetland areas often lead to changed
potentials in wetland/protected area restoration.
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b) 08/2014

e
d) 24/08/2017

Fig. 4. Nature Reserve SINI BRYAG: a) and b) — Airphoto images;
¢) and d) — Composite Satellite images (Ch 432)
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Fig. 5. Nature Reserve SINI BRYAG: a) 3D- distribution of NDVI/ NDGI/ dNDVI
for 19-24/08/2017. b) Snectral reflectance characteristic for 19-24/08/2017

ASPECT AND PERSPECTIVES

Maintaining biodiversity in the face of
increasing anthropogenic pressures has become a
major concern for governmental agencies and
institutions that manage protected areas, and is one
of the major focal areas of the European Union's
Biodiversity strategy to 2020 [35]. Many researches
have been made about anthropogenic impacts on
land-cover change and the extent of remaining
habitats [36] but the magnitude and rate of change in
biodiversity within habitats are typically poorly
quantified [37]. Therefore, interim ecological
monitoring can be accepted as a way for providing
data necessary for establishing magnitude and rate of
change in biodiversity within habitats models.
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Improving a methodology for interim
environmental monitoring that serves as a tool to
complement the available ecosystem current
database is a perspective for ecosystem assessment
and analysis using remote sensing data. Analyzing
and discussing issues on data reliability and
techniques for actual data for the condition of
different environmental factors turned out to be a
challenge for the application of interim ecological
monitoring methodology. Such issues can be
referred to image corrections and registration of
image data (for biophysical retrieval and change
detection), along with proper registration of multi-
date, multi-scale and multi-source datasets; adopting
new advances in image interpretation, as currently
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exploited in the remote-sensing area, both
integrating object oriented image analysis and
knowledge-driven information mining; defining
habitat type, extent and quality; assessing habitat
quality and biodiversity from remote-sensing data;
incorporating uncertainty into mapping habitats
using remote sensing data; integrating expert
knowledge in ecology and remote-sensing and
including appropriate ground-truthing; selecting
appropriate space—time-related scales of application;
analysing the interrelationships between habitat
quality, distribution and structure.

Using continuous or gradual properties of spectral
data in Species Distribution Models is a key challenge
in near future. More attention should be placed on the
ability to consistently characterize biological diversity
at multiple scales, using integrated remotely sensed
and GIS data. In addition to using the reflectance
values, the unique synoptic perspective of remote
sensing for quantifying landscape characteristics
should also be more fully studied. Change detection
models should explore more flexible statistical
methods and include ancillary GIS data. In particular,
vegetation information derived from remote sensing
can be integrated with animal population data to
further understanding of the dynamic relationship
between flora and fauna.

The information used for scientifically valid
ecological mapping and monitoring needs to be
frequently updated, sufficiently detailed and spatially
continuous.Although the traditional inconsistency in
spatial scale between remotely sensed data (indirect)
and ecological field observations(direct) has been a
major obstacle to more extensive integration of remote
sensing in ecological research, access to increasingly
fine spatial resolution data has resulted in great
progress in this area [38, 39]. Further, advances in
remote sensing theory, data and technology over the
past 35 years have led to general and robust methods of
large area data collection that, for many ecological
attributes, can provide more reliable estimates than
field methods. Remote sensing facilitates data
collection in difficult- or impossible-to-reach areas and
provides an important synoptic and multitemporal
perspective. There is also a growing demand of policy
makers and researchers for high-accuracy landscape
information at the European level [40, 41].

CONCLUSIONS

Interim ecological monitoring based on remote
sensing helps identification of biodiversity elements
that are underrepresented in conservation areas and
thus it is useful for modelling disturbed landscapes
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However, aggregating statistical and spatial data
from many sources into one database, having in
regard that sources differ in spatial accuracy,
reliability, acquisition data and class definition yet
remains a challenge for future common cooperation
among environmentalists and remote sense experts.
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ACTIEKTHY Y MEPCITIEKTUBY HA MPUJIATAHETO HA MEXJIWHEH
EKOJIOTMYEH MOHUTOPHWHT YPE3 U3MOJI3BAHE HA
JNCTAHIIMOHHHY N3CJIEABAHUS

Kamenus PaneBa

Pestome: VnentudumpaneTo 1 IeTailin3upaHeTo Ha XapaKTepUCTHKHUTE Ha BUJIOBETE U MECTOOOUTAHUSTA, KapTorpadupaHeTo
Ha MECTOOOUTAHNTA, TIPOTHO3UPAHETO Ha Pa3lpPOCTPAHEHHUETO Ha BUIOBETE U MPOCTPAHCTBEHATa IPOMEHIMBOCT Ha BHIOBOTO
00raTcTBO, yCTAHOBSIBAHETO HA BIMSHHUETO Ha MPUPOJHH U MIPHYMHEHH OT YOBeKa Oe/ICTBUS BBPXY OHMOPa3HOOOpa3neTo Hajiarar
M3BBPIIBAHETO HA MEXIWHEH EKOJIOTHYEH MOHUTOPHHI Karo YacT OT DEryJspHUsI €KOJOTMYeH MOHHMTOPUHI. TepMHHBT
"MEXIMHEH eKOJIOTMYeH MOHUTOPHHT"' TIpe/iosiara pa3padoTBaHETO Ha MOJIENH 32 €KOJIOTHYEH MOHUTOPHUHT, Ype3 U3IOI3BaHEe
Ha JJAaHHU OT JUCTAaHIIMOHHU M3cienBaHus. Tasu craTus M3cieiBa Kak MOCIEIHUTE MOCTWKEHUsI Ha CIBTHUKOBU CEH30PU C
BHCOKa TPOCTPAHCTBEHA ¥ CIIEKTPAIHA PA3JENIUTENHa CIIOCOOHOCT MOTraT Jia JOTPHHECAT 3a HM3CIIEABAHE Ha acleKTHTE Ha
OropazHO00pa3neTo, KakTo M 3a JedaTHpaHe Ha TNPEUMCTBA W IPEIM3BHKATEICTBA, CBBP3aHHM C H3MOJ3BAHE HA TaKWBa
TEXHOJIOTHH 3a OIa3BaHe Ha OMOJIOTMYHOTO pazHooOpasue. [IpraraHero Ha METOIMKa 32 MEXXINHEH EKOJIOTHYEH MOHUTOPHHT
JIOTIPMHACA 32 IOITBJIBAHE HAa HATMYHATA 0a3a JaHHHU 33 aKTyaJJHOTO CBCTOSIHHE Ha €KOCHCTEMHTE, KaTo Ce€ MMAaT HPEIBH
pa3NMYHA TOKa3aTeny Ha BiwsiHUE. CTaTusATa TOKa3Ba, Y€ JAHHUTE OT MEKIWHHMS €KOJOTMYEH MOHMTOPHMHT Ha OaszaTa Ha
JIVICTAaHIMOHHH W3CNIEBAaHMS MOTaT [ja TIPEIOCTABSIT IeHHA MH(OpMaIyst 32 MOAEIH Ha €KOJOTMYHOTO Pa3HO000pasue U uMat
MIOTEHIIMAIl J1a ce MPEeBbpHAT B e()EKTUBEH WHCTPYMEHT 3a OLIEHKa M Ola3BaHe Ha OMOJIOrMYHOTO pasHooOpasue. Crarusra
aKIIEHTHpa BBPXY aCHEKTUTE U NMEpPCIIEKTUBUTE OT IMPUIAraHeTO Ha MEXKIMHEH eKOJIOTHMYEeH MOHUTOPUHT OT IVIe[Ha TOYKa Ha
BB3MO)KHOCTHTE Ha JJUCTAHIMOHHUTE U3JIEIBAHIS 32 IPOYYBAHE HAa €KOJIOTHYHHTE MPOIIECH U aHATM3UPAHE Ha ChCTOSHUETO Ha
XapaKTEepHCTUKUTE Ha JaHamadTa ¥ BUIOBOTO pasHooOpasue. Ta3u cratusi mogdepraBa BB3MOKHOCTHTE HAa MEXKIUHHUS
€KOJIOTUYEH MOHUTOPHUHT 3a OCUTYpPSIBAHE HA OTTOBOPHUTE MHCTUTYIIMH C BUCOKOKAYeCTBEHH JAHHU OTHOCHO MOTEHIMaIa Ha
€KOCHCTEMHHTE YCITYTH.
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