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Abstract. Forest protection represents one of the most important aim involving practical as-

pects of pest prevention and control, as well as aspects of fundamental and applicative scientific 
research to find the best solutions for maintaining the appropriate fitosanitary condition of the na-
tional public forest area in Romania. Changes in the atmospheric abundance of greenhouse gases 
and aerosols, in solar radiation and in land surface properties alter the energy balance of the cli-
mate system. These changes are expressed in terms of radiative forcing, which is used to compare 
how a range of human and natural factors drive warming or cooling influences on regional and 
global climate. Given the ability to define vegetation and land cover at the site level based on at-
tributes such as physiognomy, horizontal and vertical structure, vegetation phenology and leaf 
morphology, direct parameterisation and mapping using remotely sensed data can enhance the 
ability to characterize and monitor these important biogeophysical parameters. A study testing the 
role of satellite remote sensing multispectral data for monitoring biophysical parameters was con-
ducted over a periurban forested area Cernica- Branesti, placed North - Eastern part of Bucharest 
town, Romania. Based on MODIS Terra/Aqua and IKONOS images over 2001-2014 period, have 
been derived forest vegetation biophysical parameters. The analysis of time series daily MODIS 
Terra/Aqua satellite data shows strong seasonal dynamics of surface reflectance of green, near 
infrared and shortwave infrared bands, and clearly delineate leaf phenology and length of plant 
growing season for a temperate deciduous broadleaf forest. 

Keywords. forest vegetation; biophysical parameters; MODIS Terra/Aqua satellite data, cli-
mate changes. 

1. Introduction 

 
In Romania, urban forest land cover patterns of Bucharest metropolitan area have undergone 

a fundamental change due to accelerated economic development under its economic reform poli-
cies since 1989. Urban decision makers face complex and very dynamic environments, which re-
quire up-to-date information supplied by efficient data extraction systems. Urban systems play a 
vital role in social and economic development in all countries. Their environmental changes can be 
investigated on different spatial and temporal scales. The quality of environment directly influences 
the social and economic development of the city. Early warnings of potential spatio-temporal 
changes in metropolitan areas depend on key biogeophysical variables (such as land surface tem-
perature, vegetation fraction, soil moisture, ground surface albedo, etc ) which can enhance our 
ability to make better socio-economic decisions. The ability to translate current and projected varia-
tions in climatic and anthropogenic conditions of urbanized areas into ecosystem responses can 
provide valuable information to urban decision managers. The accuracy of such warnings depends 
on how well the past/present /future conditions of the ecosystem are characterized. Recent ad-
vances in urban ecosystem modeling, internet based data delivery, and operational remote sens-
ing products now allow us to simulate ecosystem processes in near-real time. Changes in peri-
urban forest vegetation land cover include changes in biotic diversity, actual and potential primary 
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productivity, soil quality, runoff, and sedimentation rates, and cannot be well understood without 
the knowledge of land use change that drives them, having a great impact on climate [1], [2], [3]. 

Knowledge on biophysical properties of urban/periurban vegetation retrieved from satellite  
images enables to improve monitoring of the metropolitan areas, very often impenetrable. 

2. Forest vegetation biophysical variables 

The most practical, and cost-effective way to monitor biogeophysical properties of forest vege-
tation from a local to global scale is the use of Earth Observation technologies. Satellite remote 
sensing can provide local 

to global coverage on a regular basis information on remote areas with different sensors and 
different temporal, spatial and spectral resolutions. These sensors can be devided into the follow-
ing three categories. 

(1) Visible to shortwave infrared (SWIR, spectrum between 400 and 2500 nm), which provide 
information on vegetation biophysical parameters such as the chlorophyll content, the leaf area 
index, and the vegetation water content); 

 (2) Thermal infrared (spectrum between 6.0 and 15.0  m) provide information on the thermal 

dynamics of vegetation cover. Thermal infrared has been used to estimate the evapotranspiration 
of vegetation canopies, a parameter that is closely related to water stress; 

(3) Radar (spectrum between 0.1 and 100 cm) provide information on the dielectric constant 
which could be related to vegetation water content. 

In satellite remote sensing data analysis, the estimation of biophysical parameters is of special 
relevance in order to understand better the urban/periurban environment dynamics at local and 
regional scales. For instance, remotely sensed images can be used to estimate forest vegetation 
land cover changes, defoliation, biomass, leaf area index, water content, pollution, and chlorophyll 
concentration. In order to extract quantitative information from satellite remote sensing data for in-
terpreting radiative measurements in terms of forest biogeophysical properties like leaf chlorophyll 
and water content, or canopy architecture must be developed analytical tools such as canopy re-
flectance models. In the optical spectral region, tree leaves may be considered basic scattering 
elements. It is therefore crucial to understand the mechanisms that govern the interactions of light 
with those elements and to model them both in terms of absorbed and scattered energy. Light at-
tenuation inside leaves results from complex phenomena related to biochemical composition and 
anatomical features, while the epidermis determines the bidirectional reflectance.  

Changes in forest ecosystems can be classified in three groups, seasonal, gradual and abrupt 
change. The phenomenon of forest vegetation cover degradation results from a modification in the 
level of vegetation activity over time that can be measured through the study of trends in the vege-
tation index or phenological indicators. MODIS Terra/Aqua satellite remote sensing data sets offer 
efficient means for making spatially and temporally continuous observations of forest vegetation 
dynamics. Even though the biological processes controlling reflectance phenology are the same for 
coarse, medium and high resolution satellite images, coarse scale data sets cannot necessarily 
differentiate all phenological contrasts present in a forest fragmented landscape. 

2.1. Spectral properties of forest vegetation 

The registered reflected spectral signal of  forest vegetation measured by a sensor placed be-
low the atmosphere can be attributed to three main factors: the incoming solar radiation field, the 
optical properties of phytoelements and other plant parts, and the three dimensional structure of 
the forest stand. The physiological basis of the spectral properties of forest vegetation is how trees 
have developed to adapt both their internal and external structure and pigmentation to photosyn-
thesis. 

When the nature of the incoming radiation has been determined, the optical properties of phy-
toelements should be considered next. To begin with, vegetation does not behave like a Lamberti-
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an surface i.e. it is an anisotropic scatterer. Interaction of the external and internal structure of tree 
leaves with electromagnetic radiation is the main driving factor of the intensity and directional 
properties of the spectral signal. The original incident radiation on a tree leaf is divided into the 
spectral hemispherical reflectance, transmittance and absorption of a leaf (Figure 1). 

 

 

Figure 1. Typical reflectance and transmittance spectra of a typical fresh, green tree leaf 

The angular variability of forest vegetation and soil reflectance has long been investigated with 
radiative transfer models, validated by in-situ based and laboratory measurements. Complemen-
tarily to samples of reflectance directional signatures are data provided by MODIS (Terra and Aq-
ua) satellite data. Based on satellite remote sensing data can be assessed forest vegetation bio-
geophysical variables like as NDVI (Normalized Difference Vegetation Index), the leaf area index 
(LAI) or the fraction of absorbed photosynthetically active radiation (fAPAR). Simple vegetation in-
dices however cannot be used for an accurate quantification of vegetation cover and photosynthet-
ic activity because they do not directly relate to such intrinsic vegetation characteristics [4]. 

2.2. Normalized Difference of the Vegetation Index (NDVI) 

   Normalized Difference of the Vegetation index (NDVI) is a non-linear transformation of the 
visible (red-0.63-0.69  m) and near-infrared bands (0.76-0.90  m) of satellite information. NDVI is 

defined as the difference between the spectral reflectances in near-infrared (NIR) NIR  and visible 

(red) R  bands, over their sum. The NDVI is an alternative measure of vegetation amount and 

condition. It is associated with vegetation canopy characteristics such as biomass, leaf area index 
and percentage of vegetation cover.  

     )/()( RNIRRNIRNDVI                                                                              (1)                               

   

The NDVI is representative of plant assimilation condition and of its photosynthetic apparatus ca-
pacity and biomass concentration. In particular vegetation index dynamics in time are correlated 
with the Canopy Leaf Index (LAI) and other functional variables. These variables are strongly con-
ditioned by the behavior of precipitation, temperature and daily radiation of the observed area. 
Vegetation index therefore is representative of plants' photosynthetic efficiency, and it is time vary-
ing due to changes in meteorological and environmental parameters. The NDVI values range from 
-1 to +1 (pixel values 0-255). Seasonal and inter-annual variations can be derived form multi-
temporal series of NDVI that can be associated with other ecological variables. Healthy vegetation 
will have a high NDVI value. Bare soil and rock reflect similar levels of near-infrared and red and so 
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will have NDVI values near zero. Clouds, water, and snow are the opposite of vegetation in that 
they reflect more visible energy than infrared energy, and so they yield negative NDVI values.  

As NDVI is known to saturate at intermediate values of LAI, use the Enhanced Vegetation In-
dex (EVI) is a better choice. EVI was introduced in order to improve the predictability of LAI in 
densely forest vegetated areas by considering the uncertainty of atmospheric and background 
sources. EVI is given as: 

 

   
15.76
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                            (2) 

 
where ρBLUE is the blue band reflectance. The Gitelsen Green Index (GI) and corresponding Red 
Index (RI) have been evaluated for the estimation of total canopy chlorophyll concentration. The 
two indices are expressed by the following relationship: 
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where ρGREEN is the green band reflectance. The Normalized Difference Water Index (NDWI) was 
employed for the determination of vegetation water content. NDWI uses two bands centered at ap-
proximately 860 nm and 1240 nm and follows the simplicity of NDVI [4]. Thus 
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R

NIRRI



       (4)             

where ρ858 is the MODIS NIR band centered at 858 nm and ρ1240 is the MODIS MIR band 
centered at 1240 nm. The advantage of NDWI for sensing vegetation water content relies on the 
use of two bands that sense similar depths through forest vegetation canopies, one located within 
a region of liquid water absorption (ρ1240) and one being insensitive to liquid water content varia-
tions (ρ858). 

2.3. Leaf Area Index (LAI) 

  Leaf Area Index (LAI) is the leaf area per unit ground area. LAI is a factor that indicates how 
many leaf (or photosynthetically active) surfaces are in a column extended from, the ground area 
under the canopy diameter, up through the canopy.  LAI can be estimated from the normalized dif-
ference of the vegetation index (NDVI), because NDVI represent the relative seasonal changes in 
vegetation rather than vegetation amount. There is a significant relationship between NDVI and LAI. 
Assuming that NDVI/LAI relationship is linear and the maximum NDVI value in a season corre-
spond to the maximum LAI of vegetation cover, LAI can be inferred from NDVI as:  

           LAIi = LAImax * (NDVIi – NDVImin) / (NDVImax – NDVImin)      (5) 

where max, min and 'i' are the maximum, minimum and period values observed, respectively. Max-
imum and Minimum NDVI values can be determined by multi-temporal NDVI observations from 
satellite data. 

2.4.Photosynthetic Active Radiation (PAR) 
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     Photosynthetic Active Radiation (PAR) is defined as the portion of the electromagnetic radi-
ation that is used for photosynthesis (0,4 - 0,700  m) and corresponds mostly to the blue and red 

visible portions of the electromagnetic spectrum (green light is mostly reflected by plants) as not all 
incoming solar radiation is available for biomass production and photosynthesis. Photosynthetic 
active radiation and LAI are often used to model evapotranspiration and plant productivity. Light 
absorption follows the seasonal changes of some combinations of plant reflectance and PAR can 
be linearly related to the normalized difference of the vegetation index [5].Due to photosynthetic 
activity is highly correlated with vegetation indices, both PAR absorption [aPAR] and the fraction of 
the surface that contains PAR [fPAR] can be indirectly estimated from NDVI. In addition, the green 
vegetation fraction, Fg, can be derived from NDVI using a simple linear relationship with an as-
sumption of dense vegetation (high leaf area index):  

Fg = (NDVIi - NDVImin) / (NDVImax - NDVImin)                                                            (6)                              

where NDVImin= 0.04 and NDVImax= 0.52 can be prescribed as global constants as a first ap-
proximation. The values of Fg should be restricted to be between 0 and 1. PAR absorption can be 
estimated from LAI using a non-linear function  

aPAR = 93.5 [1.0 - exp (-0.90 * LAI)]                                                                                    (7)                                                                                 

and from NDVI (normalized difference) using the inverted relation:  

NDVI = 0.087 + 0.798 * PAR                                                                                                  (8)    

2.5.Land Surface Temperature (LST) 

     Environmental microclimate variables that are important for human thermal comfort include 
solar radiation, land surface temperature (LST), air temperature, and humidity and wind speed. 
Forest vegetation can ameliorate these environmental variables by preventing solar radiation from 
heating the surrounding buildings and surfaces, cooling the air by evapotranspiration, and reducing 
wind speed [6]. An important inverse relationship between LST and NDVI has been well presented 
in the remote sensing literature for both urban and rural environments [7]. The basis of this rela-
tionship is that higher levels of latent heat exchange are more typical of areas characterized by 
significant vegetation cover as compared to areas with little or no vegetation cover and low surface 
moisture availability, such as densely developed urban areas, where sensible heat exchange is 
favored.                                                                                                         

3. Study test area and data used 

Periurban deciduous broadleaf forest test area, Cernica- Branesti is placed in the North -

Eastern part of urban zone Bucharest (Figure 1), Romania, being centered at latitude 44.4437 N 

and   longitude   26.320 E. It is characterized by a land sandy area, with a diversity of forest types 
which contains hardwoods like maple tree    and oak tree as well as different crops and vegetation, 
characteristic for sylvosteppe region. Soils are of chernozem types.  

Time series satellite remote sensing MODIS Terra data and climate data observations during a 
period of 13 years (2001–2014), each of which having different climatic regime and IKONOS 
27/07/2005 and IKONOS 12/07/2009 images. Data have been digitally processed and classified 
with ENVI 4.7, ILWIS 3.1 and IDL 6.3 software. The images have been geometrically corrected to 
fit a topographic map with a scale of 1:50 000, on which vectors were digitized for the subsequent 
geocoding of the satellite images. We acquired MODIS direct radiation albedo data MOD43B3 16-
day composite, validated Version V004 for 2003–2005 in the visible VIS and near infrared NIR 
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wavelengths. Also we used MODIS/Terra Land Surface Temperature/Emissivity ( LST ), 8-Day L3 
Global 1km SIN Grid, MOD11A2, MODIS/Terra Vegetation Indices ( NDVI/EVI )16-Day L3 Global 
250m SIN Grid [Collection 5], MOD13Q1 and MODIS LAI /FPAR- 8-Day Composite MOD15A2. 
MODIS data can be freely downloaded from the USGS Land Processes Distributed Active Archive 
Center (LP-DAAC; http://edcimswww.-cr.usgs.gov/pub/imswelcome/). 

 

 
 

Figure 1.IKONOS 12/07/2009 image over test site Cernica-Branesti periurban forest area 

4. Results 

Time series satellite remote sensing represent an important investigation tool of forest vegeta-
tion land cover monitoring at local, and regional scales, being an integrated part of the advanced 
Information Technology and Telecommunication Infrastructure. It is based on building spectral da-
tabases, global large datasets, refining validation, calibration procedures in multi-source, multi-
temporal environment available for biophysical and spectral modeling [8]. 

A number of techniques have been used for land-cover classification of investigated forest test 
area, including the threshold-based method, and supervised classifiers, such as the maximum like-
lihood algorithm. One of the disadvantages of the threshold-based method was selecting appropri-
ate thresholds that were the most reliable cut-offs to perform the classification [9]. Likewise, the 
supervised classification algorithms required training samples to perform the classification. One 
challenge of using these supervised classifiers for long-term classification of forest systems in the 
study area is selecting appropriate training datasets for different land-cover classes, due to chang-
es in the land cover over time. Different training datasets applied to different year forest system 
classification data could lead to inconsistent mapping results. In this study, we were most con-
cerned with detecting the land cover changes and analysis of biophysical parameters (NDVI, 
LAI/FPAR, LST) and different correlation levels between these [10], [11], [12]. 

Have been analyzed spatiotemporal patterns of NDVI, LAI and LST time series which are 
needed for long-term input into climate models. 

Figure 2 presents a land cover classification of the selected periurban forest Cernica-Branesti, 
based on MODIS/Terra time series data for 2001-2014 years. 

The phenological patterns, biomass production, and species composition of periurban forest 
Cernica- Branesti vegetation land cover, are strongly affected by the climatic conditions of the Bu-
charest metropolitan area, especially precipitation and heat wave events which are highly variable 
both inter-annually and intra-annually. Have been identified vegetation land cover changes during 

2001- 2014 period and have been estimated the impacts of climate and anthropogenic factors. 
 

https://lpdaac.usgs.gov/lpdaac/products/modis_product_table/land_surface_temperature_emissivity/8_day_l3_global_1km/mod11a2
https://lpdaac.usgs.gov/lpdaac/products/modis_product_table/vegetation_indices/16_day_l3_global_250m/mod13q1
http://edcimswww.-cr.usgs.gov/pub/imswelcome/


 EARSeL 34th Symposium Proceedings, 16-20 June 2014 6.42  
 

© EARSeL and University of Warsaw, 2014, ISBN 978-83-63245-65-8, DOI: 10.12760/03-2014-15, 
Zagajewski B., Kycko M., Reuter R. (eds.) 

 
 

Figure 2.Periurban of Bucharest, Cernica- Branesti deciduous broadleaf forest area test site on MODIS 
Terra classification image 

 
Accuracy of image processing results (land cover classifications) was confirmed through 

ground sampling and analysis with portable GER 2600 spectroradiometer. These have been ana-
lyzed on the basis of absorption band position and shape, and classified on the basis of recurrent 
associations of absorption bands. Spectroscopic criteria are widely applied in hyperspectral image 
analysis for forest systems mapping. By analysis of the reflectance spectra of several vegetation, 
soil and water samples in the visible (VIS-SWIR) short-wave infrared interval 0,35 μm - 2,5 μm, 
was examined the feasibility of using detailed spectral information for recognizing the changes of 
vegetation land cover. The analysis of different classifications over selected test areas have shown 
periurban forest changes due to high levels of atmospheric pollution mainly close of main road traf-
fic and some local industries, air masses dynamics at local and regional level as well as due to de-
forestation for land-use conversion, insect and disease epidemics. This type of digital change de-
tection has the advantage of (1) being repeatable; (2) facilitating the incorporation of biophysically 
relevant features from the visible, infrared and microwave parts of the electromagnetic spectrum ; 
and (3) requiring relatively low operational costs. 
Figure 3 illustrates temporal variation of MODIS/Terra NDVI parameter from MOD13Q1 
250m_16_days_NDVI centered latitude: 44.4437 and longitude: 26.320 for an areal extent of ap-
proximately 7 km Wide x 7 km High. Was recorded a clear temporal variation of periurban forest 
vegetation NDVI parameters with a decreasing trend during summer-autumn seasons due to low 
level of precipitations and increasing levels of land surface temperature. This fact has a negative 
impact on vegetation land cover in the South-Eastern part of Romania and through this on biomass 
resources. It is very clear that during summer of 2003, 2007 and 2012 years, characterized by rec-
orded strong heat waves and land surface temperature anomalies, the periurban forest cover 
vegetation health recorded very low level values reaching 0,5. So, climate impacts on ur-
ban/periurban vegetation land cover are significant visible. 
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Figura 3. Temporal variation of MODIS/Terra NDVI parameter during 2001-2014 periods for Cernica- 
Branesti periurban forest 

 

Figura 4. Temporal variation of MODIS/Terra LST parameter during 2001-2014 periods for Cernica- Branesti 
periurban forest 
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Figura 5. Temporal variation of MODIS/Terra LAI parameter during 2001-2014 periods for Cernica- Branesti 
periurban forest 

 
MODIS NDVI, LST, LAI time series data have great potential for assessment of periurban forest 
vegetation land cover changes in relation with climate and anthropogenic pressures. A major 
source of error is the spatial resolution of the sensor which makes it highly susceptible to the prob-
lem of mixed pixels common in studies of metropolitan periurban environments. Another challenge 
is the sparse vegetation responsible for increased soil reflectance and high variability of soil back-
ground in some areas. Our study utilized also detailed land cover information derived from IKO-
NOS imagery and then translated it to the scale of MODIS data. 

5. Conclusions 

In conclusion, our results show that, in normal and dry years, most periurban forest vegetation land 
covers are affected by anthropogenic and climate pressures like as drought conditions and heat 
waves periods. This finding has important implications for predicting long-term environmental im-
pacts in the face of accelerating urbanization and future climate changes. As most climate models 
predict for next years a warmer and drier climate for this area, the difference between the metro-
politan region and the surrounding agroforested areas may become larger. The effects of rapid and 
extensive urbanization in Bucharest metropolitan region seem to have a potential to significantly 
alter the carbon source–sink relationship. Periurban forest vegetation land cover quality defined by 
MODIS NDVI and LAI time series indices refers to the state or vegetation condition, including its 
soil, water and biological properties, and it relates to the capacity of a vegetation land cover to pro-
vide economically viable productions and urban ecosystem services at all observation scales. To 
promote sustainable urban management and inform effective conservation policies, vegetation 
land cover quality needs to be assessed with respect to the specific functions and types of the ac-
tual land cover. Ideally, an indicator of urban vegetation land cover quality represents a proxy for 
the functional role of a land, integrating factors and processes that determine its efficiency. The 
systematic monitoring of forest vegetation biophysical parameters through time-series satellite re-
mote sensing together with in-situ sampling can bring a real contribution at change estimates of 
forest conditions as well as to provide forest health indicators. 
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