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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 

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  is 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 

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:                (1),  

where     – temporal interval of regular 
monitoring for a certain ecosystem type (i),      – last temporal point of regular 
monitoring for a certain ecosystem type (i),      – 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          belongs or not 
to    , where          is temporal interval of the 
occurrence of natural hazard or manmade influence 
for a certain ecosystem type  (i)  and       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      for a certain ecosystem type (i) and temporal 

interval for interim ecological methodology  м , i.e    м     (2)  
 

The structure of interim ecological monitoring 
methodology has been shown on Fig. 1 below. 

 
 
 

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. 

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 

Fig.1. Structure on Interim Ecological Monitoring Methodology 
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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 

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.  

 

a)29/09/2014 b)18/10/2014 c) 06/11/2014 d) 22/12/2014 

 
e) 17/03/2015 f) 17/04/2015 

 
g)06/04/2016 Sentinel 2 (Ch432) h)06/04/2016 Sentinel 2 (Ch482) 

i)06/04/2016 Sentinel 2 (Ch1384) j) 17/08/2016 k) 23/09/2016 l) 02/11/2016 

 
m) 10/06/2017 n) 02/07/2017 o) 05/08/2017 p) 11/08/2017 
 
 
 

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, c)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 

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].  

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



In Fig.4 composite satellite images (Ch 432) 
from MSI from Sentinel 2 for the protected area 
Nature Reserve 
years 2010,
been presented. 
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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. 

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 

 
a) 08/2010  

 
b) 08/2014 

 
c)19/08/2017 

 
d) 24/08/2017 

 
a) b) 

Fig. 4. Nature Reserve SINI BRYAG: a) and b) – Airphoto images;  
c) and d) – Composite Satellite images (Ch 432)  

from Multispectral Instrument Sentinel 2 

Fig. 5. Nature Reserve SINI BRYAG: a) 3D- distribution of NDVI / NDGI/ dNDVI  
for 19-24/08/2017, b) Spectral reflectance characteristic for 19-24/08/2017 
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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 

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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АСПЕКТИ И ПЕРСПЕКТИВИ НА ПРИЛАГАНЕТО НА  МЕЖДИНЕН 
ЕКОЛОГИЧЕН МОНИТОРИНГ ЧРЕЗ ИЗПОЛЗВАНЕ НА 

ДИСТАНЦИОННИ ИЗСЛЕДВАНИЯ 
Камелия Радева 

Резюме: Идентифицирането и детайлизирането на характеристиките на видовете и местообитанията, картографирането 
на местообитанията, прогнозирането на разпространението на видовете и пространствената променливост на видовото 
богатство, установяването на влиянието на природни и причинени от човека бедствия върху биоразнообразието налагат 
извършването на междинен екологичен мониторинг като част от регулярния екологичен мониторинг. Терминът 
"междинен екологичен мониторинг" предполага разработването на модели за екологичен мониторинг, чрез използване 
на данни от дистанционни изследвания. Тази статия изследва как последните постижения на спътникови сензори с 
висока пространствена и спектрална разделителна способност могат да допринесат за изследване на аспектите на 
биоразнообразието, както и за дебатиране на предимства и предизвикателства, свързани с използване на такива 
технологии за опазване на биологичното разнообразие. Прилагането на методика за междинен екологичен мониторинг 
допринася за допълване на наличната база данни за актуалното състояние на екосистемите, като се имат предвид 
различни показатели на влияние. Статията показва, че данните от междинния екологичен мониторинг на базата на 
дистанционни изследвания могат да предоставят ценна информация за модели на екологичното разноообразие и имат 
потенциал да се превърнат в ефективен инструмент за оценка и опазване на биологичното разнообразие. Статията 
акцентира върху аспектите и перспективите от прилагането на междинен екологичен мониторинг от гледна точка на 
възможностите на дистанционните изледвания за проучване на екологичните процеси и анализиране на състоянието на 
характеристиките на ландшафта и видовото разнообразие. Тази статия подчертава възможностите на междинния 
екологичен мониторинг за осигуряване на отговорните институции с висококачествени данни относно потенциала на 
екосистемните услуги. 
Ключови думи: междинен екологичен мониторинг, дистанционни изследвания, екосистемни услуги, биоразнообразие  
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