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Abstract 

The paper presents current advanced methods of observation and analysis using 

satellite information and GIS. Such approaches facilitate the conservative management 

of grasslands and maximize their multifunctional utilization value in correlation with 

animal production. Calmatui River Basin was selected for exemplification because is 

mainly an intensive agricultural area with predominant diffuse sources of pollution due 

to the cropping technologies and chemical inputs used. The secondary grasslands 

accounted 1318.07 ha, representing 1.4% from the total area of the basin. However, this 

category occupies the 2nd place after the arable land not irrigated category (97.1%). The 

productivity potential of these grasslands ranges from 1.5-3.5 t DM ha-1 having a 

pastoral value of 1.5-2.5, which ranks them as average quality. The delineation of the 

secondary grasslands is useful for developing a continuous monitoring program using 

PROBA-V NDVI information processed at basin scale on multiannual basis during the 

growth season. 
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INTRODUCTION 

On the biological efficiency 

of solar energy conversion acts 

genetic factors related to the 

characteristics of each species that 

forms the perennial canopy that, and 

crop factors related to field operation 

or the land use. Obtaining the crop 

performance (i.e. net efficiency, 

persistence of the valuable forage 

species in the canopy, competition 

capacity, and high viability) depends 

on many technological, 

environmental and genetic factors 

(SCHAPENDONK et al., 1998; 

DUNEA and MOTCĂ, 2007).  

Forage resources potential of 

Romanian permanent grasslands can 

be ensured through a number of 

measures of which the most 

important are the improvement of 

herbaceous canopy with valuable 

forage species, grazing 

rationalization, ensuring water 

sources and access roads in the 

productive grasslands (VÎNTU et al., 

2004). 
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In terms of technical and 

economic feasibility, the efficient 

application of these strictly 

necessary measures to meet the goals 

of a functional forage system 

requires the use of a multi-criteria 

information system with geospatial 

analysis and processing of satellite 

images (DUNEA et al., 2014). 

Floristic composition, together with 

the fodder value of the component 

species, is an essential indicator 

expressing the perennial canopy 

utilization through grazing that 

substantiates the basis of animal 

production economic efficiency 

according to the concept of 

multifunctional utilization of the 

grasslands proposed by MOTCĂ 

(2005). In sustainable agriculture 

system, the role of perennial canopy 

is substantial and acquires the 

valences of multifunctional 

utilization. Besides its use as a 

fodder resource, the perennial 

canopy integrated into the cropping 

systems of each farm becomes a 

reservation of biodiversity (an area 

of ecological compensation) for the 

flora and fauna seriously affected by 

the intensive agricultural 

technologies.  

Such technologies are 

performed on arable land in major 

agricultural areas, requiring reliable 

methods for environmental 

protection and enhancing of the 

natural specific landscape (ROTAR 

et al., 2005). The utilization value of 

the canopy represents the synthetic 

indicator for assessing technical, 

economic and ecological aspects in 

analyzed forage systems 

(MARUȘCA, 2012). 

The content of this synthetic 

indicator includes several elements 

as follows: 

 efficiency of canopy to produce 

nutrients for animals; 

 conversion of forage production 

in animal production, 

 recycling degree of the 

substances in the food chain, 

and 

 capacity of ecological 

compensation, and economic 

efficiency of multifunctional 

utilization. 

The objective of this study is to 

present a reliable procedure based on 

the latest advanced solutions 

including geographical information 

systems and satellite image 

processing facilitating the 

conservative exploitation of 

grassland ecosystems and 

maximizing the multifunctional 

utilization value of the monitored 

grasslands. 

 

USE OF SATELLITE IMAGES 

AND GROUND-BASED 

METHODS FOR GRASSLANDS 

MONITORING 

The current satellite 

techniques envisage the use of a 

quick surveying method relying on 

the radiometric information from the 

satellite images. Such images have 

various characteristics such as 

multispectral with high geometric 

resolution (HR) – SPOT 5/SPOT 6, 

hyperspectral – PROBA, with very 
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high geometric resolution (VHR) – 

Pléiades 1A/1B, and also with 

average and low resolution  

(Medium Resolution-MR, Low 

Resolution-LR) – SPOT 5, PROBA-

V, NOAA-AVHRR, which can 

provide the perennial canopy 

reflectance of the grasslands. 

SPOT-VEGETATION 

mission, which is a collaboration 

between France, Belgium, Italy, 

Sweden and the EC, has been 

delivering images on the global 

vegetation status to more than 

10.000 users worldwide on a daily 

basis for 5880 days.  

16 years later, the European micro-

satellite PROBA-V succeeded the 

SPOT-VEGETATION mission. 

SPOT 4, with VGT1 sensor on 

board, was launched in March 24, 

1998. The VGT2 instrument, of the 

SPOT 5 satellite, was sent into orbit 

on May 4, 2002. SPOT 5 has 

delivered images of the Earth 

vegetation until the end of May 

2014.  

An important upgrade was 

achieved in spatial resolution from 1 

km (SPOT-VEGETATION) to 300 

m (PROBA-V). This feature allows 

the extraction of more detailed 

information regarding the crop 

yields, droughts, desertification, 

deforestation, changes in the type of 

vegetation, etc.  

The current spatial resolution 

of PROBA-V instrument is also in 

line with the upcoming Sentinel 3 

mission, hereby offering users the 

access to an uninterrupted times 

series of 25 years (http://proba-

v.vgt.vito.be).  

The use of hyperspectral 

images (e.g. CHRIS spectrometer of 

Proba micro-satellite in 5 modes - 

configurations of spectral subsets 

adapted to the studied surfaces or 

phenomena) to characterize the land 

surface reflectance has become a 

consolidated scientific method 

frequently used in the study of forest 

ecosystems (GUANTER et al., 

2005; MENENTI et al., 2004; 

SCHLERF and ATZBERGER, 

2006, RAUTIAINEN et al., 2008 

etc.). CHRIS remote sensing system 

captures images in 62 spectral bands 

with resolution of 34-40 m (mode 1: 

0.773 μm - 1.036 μm), being possible 

the planning of observations with 

enhanced resolution (17-20 m) in 

modes 2-4, but with fewer bands (18) 

depending on the particular land area 

which is intended to be analyzed. 

Another mode that has potential to be 

useful in grassland research is the 

mode 4, allowing the estimation of 

the chlorophyll content. 

Multidirectional remote 

sensing technique using CHRIS / 

PROBA sensor was successful to 

identify structural differences 

between age classes in the canopy of 

shrub areas (CHAN et al., 2008). 

DARVISHZADEH et al. (2008) 

estimated leaf area index and 

chlorophyll content of the 

heterogeneous canopy of grassland 

in the Mediterranean region using 

hyperspectral images correlated with 

ground radiometric measurements. 

DUCA and DEL FRATE (2008) 
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have automatically classified the 

scanned areas by hyperspectral 

images using various neural network 

topologies providing thematic land 

cover maps. Neural network 

technique is a successful artificial 

intelligence technique for modelling 

environmental time series (LUNGU 

et al., 2008; DUNEA and MOISE, 

2008). 

The Normalized Difference 

Vegetation Index (NDVI) is a 

descriptive index of plant 

“greenness” or photosynthetic 

activity. NDVI is commonly used for 

mapping vegetation of various 

ecosystems using large scales. 

Vegetation indices are based on the 

observation that different surfaces 

reflect different types of light 

differently (SINOQUET et al., 1990; 

DUNEA et al., 2014). 

Consequently, NDVI 

provides an index to present the 

vitality of the vegetation cover on the 

Earth’s surface. The algorithm uses 

the abrupt rise of the reflection level 

of 0.7 mm. The NDVI results from 

the following equation: 

(Rs,NIR–Rs,RED)/ (Rs,NIR+Rs,RED), 

with Rs,RED and Rs,NIR the 

atmospherically corrected surface 

reflectances in the Red and Near 

Infrared (NIR) bands.   

Radiometric measurements 

at canopy level using a precision 

spectroradiometer could be 

performed to calibrate and correct 

these features and to correlate 

specific reflectance of the species in 

various stages (phenophases) of the 

canopy development. The position of 

the measurements is determined with 

GNSS positioning receivers, and the 

sampling data is georeferenced in 

specific coordinate systems (e.g. 

stereographic 1970) and is used to 

create thematic layers in a suitable 

GIS environment. 

A system able to perform the 

comparison, correlation and 

reclassification of radiometric data 

can result using terrestrial 

measurements and thematic 

information from the satellite images 

of a specific area. In this way, an 

interface might allow the automatic 

recognition of phytosociological 

associations existing at a specific 

moment in the grasslands of interest 

and hence the estimation of grazing 

capacity. 

An advanced ceptometer 

with beam fraction reference sensor 

(BFS) can provide solar radiation 

data, together with radiometric 

measurements, to perform 

nondestructive methods for 

determining significant 

morphometric characteristics - LAI 

and the use of light in the mixed 

canopy. It can provide key 

information on the radiative 

variables that influence the plant 

growth (LANTINGA et al., 1999).  

The measuring technique is 

to place the reference sensor on a 

tripod outside the canopy and to 

perform samplings with the 

ceptometer positioned horizontally 

inside the canopy from the bottom to 

the top layers. The sampling of PAR 

(Photosynthetic Active Radiation) 

can be performed in 10 points on the 
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diagonal of the surfaces. 

Measurements must be made 

between 11.00 and 13.30 (Uniform 

Overcast Conditions). Directly 

measured values of the Incident PAR 

with the BFS reference sensor are 

correlated with the corresponding 

values inside the canopy, resulting 

the multi-layer profile of the light 

extinction. Identification of plant 

species and their height must be 

made at each sampling. Thermal 

characterization of the canopy must 

be performed with a hand-held 

infrared thermometer gun. 

A portable analyzer can be 

used to assess the photosynthetic 

efficiency measuring the 

photosynthetic gas exchange at leaf 

level, net photosynthesis, stomatal 

conductance and stomatal response 

by comparing biological response 

curves in relation to the relevant 

environmental factors 

(photosynthetic active radiation, 

atmospheric deficit of moisture, the 

temperature of the leaf etc.). The gas 

exchange at leaf level will describe 

the factors responsible for the short 

and long-term water stress tolerance 

by analyzing the efficiency of water 

use. 

The floristic composition of 

permanent grasslands and the 

estimation of the species 

participation in the 

phytosociological associations are 

obtained using classical methods as 

follows: Braun-Blanquet 

phytosociological method, Klapp-

Ellenberg praticultural method, 

Daget-Poissonet double-meter 

method, and gravimetric method 

(MARUŞCA et al., 2012). The 

planimetric method is one of the 

most accurate methods for research 

of grassland vegetation. The degree 

of ground cover with vegetation is 

established with this method, which 

covers the area actually occupied by 

shrubs and shoots. Surface area 

covered by leaves through their 

projection will be recorded at gaps. 

The degree of land cover 

determined using planimetric 

method is not identical to the one 

resulted from the geobotanical 

method. Planimetric method is 

mainly used in experimental works 

performed on permanent and 

temporary grasslands to determine 

the changes occurred under the 

influence of some improvement 

measures or certain methods of use. 

In the case of floristic assessment in 

grasslands research, selection of this 

method is recommended only on 

grazed grasslands, where the plants 

are not tall, which allows the 

placement of the frame for readings 

directly on the ground. 

Using these methods, which 

are leading to the estimation of the 

pastoral value, involves long time to 

perform flora identification and 

complex logistics, requiring 

experienced operators in identifying 

the component species of the 

herbaceous canopy.  

Pastoral value provides 

information on the grazing capacity 

potential and on the animal loading 

of the pasture without making 

determination of green fodder 
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production (PEARSON and ISON, 

1987). There are several steps to be 

performed to characterize the 

grassland typology and its value: 

 Rigorous assessment of the 

limitations and advantages of 

the existing forage system: 1. 

spatial arrangement, 2. density 

of species, 3. heterogeneous 

canopy architecture, and 4. 

periods of grazing / grazing 

capacity (loading of animals on 

the pasture); 

 Selection of the experimental 

scheme to allow testing and 

critical analysis of the forage 

system based on the initial 

objectives - establishing the 

sampling areas, detailed 

planning of the sampling 

interval, planning of the 

biometric and radiometric 

measurements and 

determinations sequence in 

relation to the availability of 

satellite images. 

 Identification of species in the 

phytosociological association to 

update the grasslands’ typology 

and the corresponding floristic 

composition;  

 Estimation of the forage value of 

the species and pastoral value of 

the grassland. 

This experimental approach that 

integrates all the above mentioned 

methods presents novelty elements 

in the research applied to grassland 

ecosystems. Vegetation indices rely 

on the reflectance characteristics of 

various surfaces for different types 

of light spectrum (DUNEA et al., 

2014). 

 
Fig. 1. Land use/land cover of Călmăţui River Basin: 231 INSPIRE category is showing 

the distribution of secondary grasslands 
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Fig. 2. Normalized Difference Vegetation Index (NDVI) extracted from PROBA-V 

satellite images for Călmăţui River Basin from data recorded in March 2014 

 

 

 

 
Fig. 3. Land use distribution (%) in Calmatui River Basin 
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Table 1  

Analysis of land use in Calmatui River Basin based on Corine Land Cover data 

  

No. Land use category Area (ha) Area (%) 

1.  Arable land not irrigated 91634.15 97.11 

2.  Secondary grasslands 1318.07 1.40 

3.  Deciduous Forests 244.97 0.26 

4.  Agricultural land mixed with natural vegetation 210.02 0.22 

5.  Watercourses 171.90 0.18 

6.  Vineyards 163.74 0.17 

7.  Water accumulations 135.15 0.14 

8.  Urban area 128.31 0.14 

9.  Orchards 107.30 0.11 

10.  Complex cropping areas 89.81 0.10 

11.  Transit areas with shrubs 67.58 0.07 

12.  Marshes 47.38 0.05 

13.  Industrial/commercial area 45.94 0.05 

Total 94364.34 100 

Statistics 

1. Average 7258.80 - 

2. Standard deviation 25353.84 - 

3. Coefficient of variation (%) 28.63 - 

4. Skewness 3.60 - 

5. Kurtosis 12.99 - 

 
MATERIAL AND METHOD 

 

Calmatui River Basin, 

Romania, was considered for 

exemplification because it is an 

intensive agricultural area with 

predominant diffuse sources of 

pollution due to the cropping 

technologies and chemical inputs 

used. Secondary grasslands are 

present in this basin.  

We used the vectors 

contained in 2006 Corine Land 

Cover layers (version 16; 04/2012) 

that corresponded to the natural 

grasslands and related destination 

categories (e.g. 321, 231, and 324). 

The land cover/land use 

(LCLU) and adjacent layers were 

georeferenced using the 

stereographic projection (central 

meridian: 25º; latitude of origin: 46º) 

and Dealul Piscului 1970 

Geographic Coordinate System, 

which describes the official 

cartographic projection used in 

Romania on the Krasovsky 1940 
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ellipsoid (Azimuthal Stereographic 

perspective oblique conform 

projection in secant plane 1970). 

GIS environment facilitated the 

performing of statistic inferences. 

Remote sensing resources such as 

radiometric information from the 

satellite images provided the 

Normalized Difference Vegetation 

Index (NDVI) of the natural 

grasslands and its spatio-temporal 

fluctuations in the envisaged area. 

PROBA-V S10 images (HDF5 

format) were used in this paper. 

These observations are processed 

into daily and 10-daily syntheses 

products, available at 100 m, 300 m, 

and 1 km. The products can be 

downloaded from www.vito-

eodata.be.  

All geo-referencing 

operations, conversions, statistical 

analysis, and mapping were 

performed with ESRI ArcGIS 9.3.

RESULTS AND DISCUSSIONS 

 

Extraction of the data for 

Calmatui River Basin was performed 

in ArcGIS environment by clipping 

using the watershed perimeter. 

Vector data from Corine Land Cover 

was overlapped on the SRTM 90 m 

digital elevation model. Figure 1 

presents the distribution of the 

delineated secondary grasslands 

(INSPIRE 231 category) existent in 

the region. It was observed that most 

of the grasslands are located in the 

middle of the basin sideways from 

Calmatui River watercourse.The 

resulted vectors corresponding to 

231 INSPIRE category accounted 

1318.07 ha, representing 1.4% from 

the total area of the basin (table 1). 

However, this category occupies the 

2nd place after the arable land not 

irrigated category (97.1%). Figure 2 

presents an example of NDVI 

extracted for vegetation 

characterization using data recorded 

in March 2014. The processed 

information showed higher NDVI 

values (62-108) for River origin and 

River mouth, suggesting that the 

corresponding canopies located in 

that areas started earlier in 

vegetation. 

Figure 3 shows the land use 

distribution (%) in Calmatui River 

Basin resulted from GIS analysis.  

Some of the secondary 

grasslands are valuable meadows 

containing species with increased 

pastoral value such as: 40-50% 

grasses (Agrostis stolonifera, 

Alopecurus pratensis, Lolium 

perenne, Agropyron repens, 

Cynodon dactylon, Cynosurus 

crystatus, etc.); 15-20% legumes 

(Trifolium repens, Trifolium 

pratense, Trifolium fragiferum, 

Medicago lupulina, etc.); and 30-

35% other botanical species.  

The productivity potential 

of these grasslands ranges from 1.5-

3.5 t DM ha-1 having a pastoral value 

of 1.5-2.5, which ranks them as 

average quality.
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CONCLUSIONS 

 

The delineation of the 

secondary grasslands is useful for 

developing a continuous monitoring 

program using PROBA-V NDVI 

information processed at basin scale 

on multiannual basis during the 

growth season.  

Analysis of NDVI 

information is useful for productivity 

assessment and also for evaluation of 

the impact of cropping practices 

performed on these grasslands on the 

surface water quality. Extracted 

indices may support simulation runs 

of water quality models such as Soil, 

Water and Assessment Tool - 

http://swat.tamu.edu/ (a model that 

simulate the quality and quantity of 

surface and ground water and predict 

the environmental impact of land 

use, land management practices, and 

climate change).
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