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Abstract 

Hypsometry is widely used for inferring tectonic effects and 
erosion status of landscapes. Tectonics, structural inhomogeneity, 
lithologic differences, and climatic variations lead to topographic 
undulations discerned into discrepancies in the values. 
Hypsometric index (and curve), indicative of frequency 
distribution of proportional elevation with the respective 
proportional area, is used as a tool to describe characteristics of 
landscape morphology, lithological variability, and degree of fluvial 
dissection. Many workers have used to infer comparison of rates 
of erosion with tectonic uplift rates. However, there are many 
other factors reported to influence topographic undulations other 
than tectonics which lead to a variety of hypsometries. 
Morphotectonic index, hypsometric integral, calculated using 
digital elevation models (DEMs) in GIS environment has been 
widely used for inferring tectonic effects, status of erosion, and 
structural controls. The present study is conducted in the North 
Koel River basin. This river rises in the Ranchi plateau and joins 
the Son River a few miles north-west of Haidarnagar, is the right 
bank tributary of the Son River. Along its entire course of flow, 
North Koel river (260 km) flows through plateau region mostly 
formed of metamorphic rocks. Hence, structural control seems to 
be the primary control on the landscape evolution of this sub-
basin. In this study, hypsometric integral (and curve) has been 
calculated for third order and upper order streams to look whether 
this morphotectonic index shows any sign of tectonic, structural, 
or lithologic control on the landscape evolution in the North Koel 
River basin. 

Keywords: Hypsometric integral, Morphotectonic, GIS, North 
Koel River 

Rezumat. Studiu privind evoluția peisajului în 
bazinul raului Koel de Nord, Jharkhand, India: 
implicații tectonice și structurale bazate pe 
analiza hipsometrică 

Hispometria este larg utilizată în indicarea efectelor tectonice și a 
stadiului de eroziune al reliefului. Tectonica, neomogenitatea 
structurală, diferențele litologice și variațiile climatice duc la 
undulații topografice marcate în discrepanțe ale valorilor. Indicele 
hipometric (și curba), care indică distribuția frecvenței altitudinii 
proporționale cu aria proporțională corespunzătoare, este folosit 
ca instrument pentru a descrie caracteristicile morfologiei 
peisajului, variabilitatea litologică și gradul de disecție fluvială. 
Mulți muncitori au folosit-o pentru a deduce compararea ratelor 
de eroziune cu ratele tectonice de ridicare. Cu toate acestea, 
există mulți alți factori care au influențat undulațiile topografice, 
altele decât tectonica, care au dus la o varietate a hipsometriilor. 
Indicele morfotectonic, integrala hipsometrică, calculat folosind 
modele altimetrice digitale (DEM) în mediul SIG, a fost folosit pe 
scară largă pentru a deduce efectele tectonice, starea eroziunii și 
controalele structurale. Prezentul studiu este făcut pentru bazinul 
hidrografic al râului Koel de Nord. Acest râu îzvorăște din platoul 
Ranchi și unește cu râul Son, aflat la câțiva kilometri nord-vest de 
Haidarnagar, fiind afluent de dreapta al râului Son. De-a lungul 
întregului său curs, râul Koel de Nord (260 km) curge prin 
regiunea de platou formată mai ales din roci metamorfice. Prin 
urmare, controlul structural pare a fi controlul primar privind 
evoluția peisajului din acest sub-bazin. În acest studiu, a fost 
calculată integrala (și curba) hipsometrică pentru cursurile de 
ordinul trei și cele de ordin superior pentru a vedea dacă acest 
indice morfotectonic indică vreun semn de înfluență tectonică, 
structurală sau litologică asupra evoluției peisajului din bazinul 
râului Koel de Nord. 

Cuvinte-cheie: integrala hipsometrică, morfometrie, SIG, 
râul Koel de Nord 

Introduction 

The geomorphology of Jharkhand state is 
characterized by a big number of tectonically origin 

rivers networks passing through the hills and valleys. 

The rock types are metamorphic which are less prone 
to soil erosion in rainy season. The North Koel River 

rises on the Ranchi plateau and enters Palamau 
division, below Netarhat near Rud. After flowing 

nearly due west for about 32 kilometres (20 mi), it 

turns north at an almost complete right angle through 
a gorge at Kutku, and flows through the centre of the 

district until it falls into the Son a few miles north-
west of Haidarnagar. River basins are the important 

elements of the fluvial landforms and a large quantity 

of study has focused on their geometric behaviors 
and characteristics, which contain the topology of the 

stream networks and quantitative analysis of 
drainage texture, pattern, shape, and relief 

characteristics (Abrahams1984; Huggett and 

Cheesman 2002). 
The region is rich in various natural resources; 

most parts of the areas remain not accessible due to 
the mountainous nature of the land. Conservation of 

land and water resources is an important aspect of 
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basin management. A drainage basin is an area from 

where all precipitation flows to a particular water 

body, such as tributary stream, river or sea and it can 
be considered as an important geomorphic unit. 

Therefore, analysis of the basin contributes to 
understand the landform evolution through 

successive stages of geological time, fluvial process, 

lithologic character and hydrological behavior of a 
basin as well as tectonic activity of a region. 

Hypsometry of a region provides measurement of 
land elevation sea level. A hypsometric curve is 

essentially a graph that illustrates the proportion of 
land area that exists at various elevations by plotting 

relative area against relative height. Strahler  (1952)  

and  Schumm  (1956)  utilized  hypsometric  (or  area-
altitude)  analysis to  differentiate between eroded 

lands at different stages  in their  evolution. This kind 
of study involves  calculating the  percentage  of 

drainage  basin  area  above  each  of  a  series  of 

given  altitudes.   
Hypsometric analysis is a useful method to identify 

the stage of a drainage basin in the present cycle of 
erosion and evaluates the erosional condition of a 

basin, and also populates the denudational processes 
over a region. Besides erosional condition of landform 

evolution, the influence of activity and lithological 

factors controlling on landform evolution can be 
calculated from hypsometric examination (Lifton and 

Chase, 1992; Moglen and Bras, 1995; Willgoose and 
Hancock, 1998; Hurtrez and Lucazeau, 1999; Chen et 

al., 2003; Huang and Niemann, 2006). Thus, 

hypsometric investigation can be used as an 

estimator of erosional condition of a drainage basin 

and prioritize them for taking up soil and water 
conservation measures, which is the prerequisite for 

planning and management of the basin. Geographic 
information system (GIS) and digital elevation model 

(DEM) have played a vital role in in drainage basin 

analysis (Rai et. al. 2014; Rai et.al. 2016 & Rai et.al. 
2017). Therefore, GIS technique is used as an 

appropriate tool for hypsometric examination. The 
objective of this study to look whether the 

morphotectonic index, hypsometric integral (and 
curve), calculated for third order and upper order 

streams, shows any sign of tectonic, structural, or 

lithologic control on the landscape evolution in the 
North Koel River basin. 

Characteristics of the Study Area 

The North Koel River, which rises in the Ranchi 

plateau and joins the Son River a few miles north-
west of Haidarnagar. It is the right bank tributary of 

the Son River. Along its entire course of flow, North 

Koel river (260 km) flows through plateau region 
mostly formed of metamorphic rocks. Hence, 

structural control seems to be the primary control on 
the landscape evolution of this sub-basin. The study 

area stretches between 23°00' N,   83°30' E to 24°30' 
N, 85°00 E. The total area of the study area is 11418 

sq. km. The maximum elevation is 1177 m while 

minimum elevation of the basin is 122 m. 

 

Fig. 1: Location Map of the Study Area 
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Materials and Methods 

This study analyzes the Hypsometric Integral in 

the North Koel basin using Shuttle Radar Topography 

Mission (SRTM) satellite data- Digital Elevation Model 
(DEM) of 30 m resolution shown in Figure No. 02. 

ArcGIS hydrology and spatial analysis tools have been 
used for the study. For the hypsometry integral MS 

excel has been used to plot the diagram of calculated 

statistics. Map layouts have been generated in the 
ArcGIS Desktop. The complete process flow diagram 

is illustrated in Figure 3a & 3b. The hypsometric 
curves for the North Koel basin and its sub-basins 

were prepared based on Strahler (1952) method. 
Hypsometric integrals of all sub-basins have been cal-

culated using empirical formula proposed by Pike and 

Wilson (1971). 

 

Fig. 2: Digital Elevation Map of the Study Area 

 

Fig. 3a: Process Flow for delineation of Water-

shed 

 

Fig. 3b: Process Flow for Hypsometry 

The complete methodology has been divided in 

two parts for better understanding of the methods 
utilized in the study. In the first part, figure no. 03a, 

watershed delineation (fig. 4) has been done while in 
the other part results have been calculated (fig. 3b). 

 

Fig. 4: Delineated ten watersheds of the study 

area 

The stream order morphometry (fig. 5) shows 

the stream order structures and their total length 

and share in the basin shown in Table 1. 
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Fig. 5: Stream Order of the Study Area 

 

Table 1: Stream Order Morphometry 

Stream  
Order 

Total Length 
(km.) 

% age Share 

1 2902.54 51.20 

2 1462.87 25.80 

3 687.27 12.12 

4 397.27 7.01 

5 125.49 2.21 

6 93.58 1.65 

 
The total Stream length is 5669.01 km up to 6th 

order of the streams. Generally, the total length of 
stream segments decrease as the stream order in-

crease. It can be inferred from the table no. 01 that 

the total length of stream segments is maximum 
(2902.54 km) in first order streams and decreases as 

the stream order increases. 

Results and Discussion 

Hypsometry can be evaluated through the 

hypsometric curve and hypsometric integral. The 

shapes of the hypsometric curve and the values of 
hypsometric integral are important elements in the 

landform analysis. These can be explained in terms of 

degree of landscape dissection and relative landform 

age. The hypsometric curves and hypsometric 
integral values of the North Koel basin and its sub-

basins are discussed below. 

Hypsometric curve 

The hypsometric curve defines the distribution of 
elevations across an area of land, which has been 

used to estimate the evolutionary status of landforms. 

It is related to the volume of the soil mass in the basin 
and the amount of erosion that had done in a basin 

against the remaining mass (Hurtrez et al., 1999, 
Ahmed F. et al., 2016). Hypsometric curves are 

related to geomorphic and tectonic evolution of the 
basins in terms of their arrangements and 

developments (Schumm, 1956; Strahler, 1964; 

Leopold et al., 1964; Hurtrez et al., 1999). A useful 
characteristic of the hypsometric curve is that 

drainage basins of different sizes can be matched with 
each other because area and elevation are plotted as 

functions of the total of both variables. Strahler 

(1952) has classified three types of landforms on the 
basis of shapes of the hypsometric curve, denoting 

the three typical stages, (i) young (ii) mature and (iii) 
old stages. Convex shaped curves are associated with 

young stage of basin, indicate that the area is slightly 
eroded and not eroded much, mature stage is 

resemble to S shaped curves being concave upwards 

at higher elevations and convex downwards at lower 
elevations characterized by moderately eroded 

regions and old stage of basin is related to concave 
shaped curves indicate highly eroded and deeply 

dissected landscapes (Ahmed et al., 2016).  

Plotting of hypsometric curves 

In the study hypsometry analysis has been 

performed at basin level as well as at sub basin level 
for better and detailed outcome. Table no. 02 explains 

the elevation and area details for the North Koel 
Basin.  

 

Table 2: Hypsometry Calculation of the North Koel Basin 

Elevation  

Interval 
(m) 

Area  

Proportion 
(q. km) 

Area  

Accumulate 
(sq. km) 

Area  

Accumulation 
(%) 

Proportion of 

Height 

Proportion of 

Area 

122-300 3049.66 11418.01 100.00 0.1 1.0 

300-400 2635.78 8368.35 73.29 0.3 0.7 

400-500 608.46 5732.57 50.21 0.3 0.5 

500-600 1176.23 5124.11 44.88 0.4 0.4 

600-700 1822.50 3947.88 34.58 0.5 0.3 

700-800 668.99 2125.38 18.61 0.6 0.2 

800-900 410.36 1456.39 12.76 0.7 0.1 

900-1000 372.38 1046.03 9.16 0.8 0.1 

1000-1100 294.11 673.65 5.90 0.8 0.1 

1100-1177 379.54 379.54 3.32 1.0 0.0 



Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XVII, Issue 2 (December 2018), pp. 111-117 
http://dx.doi.org/10.5775/fg.2018.073.d 

115 

Hypsometry curves were also generated for ten 

sub basins, figure no. 04, of the study area. Figure 

no. 08 is showing the curves for all sub basins and 
also the main basin curve is included in the same 

figure for better illustration and understanding of the 
North Koel basin. The ‘S’ shape curves at sub-basin 

level are also showing the same diminishing trend 

which was generated in figures 6 & 7.  
The diminishing trends for sub-basins and main 

basin show that the rivers in the basin are at their old 

stage. From the curves it can be depicted that the 

hills of the study area got eroded at large scale and 

continuously it is getting at base level. 
For comparison study two kinds of hypsometry 

curves have been generated for the whole basin, first 
curve (fig. 6) generated on the basis of area 

proportion (in %) and the second one, figure no. 06, 

made on the basis area proportion ratio. Both curves 
show same diminishing trend for the whole basin. 

 

Fig. 6: Hypsometry Curve (Area Proportion %) 

 

Fig. 7: Hypsometry Curve (Area Proportion 

Ratio) 

 

Fig. 8: Hypsometry Curves (Area Proportion Ratio) for Sub-basins 

Estimation of hypsometric integral 

Integration of the hypsometric curve gives the 

hypsometric integral (HI), which is equivalent to the 

elevation-relief ratio (E) as proposed by Pike and 
Wilson (1971). Mathematically, it is defined as 

𝐸 ≈ 𝐻𝑠𝑖 =
𝐸𝑙𝑒𝑣𝑚𝑒𝑎𝑛 − 𝐸𝑙𝑒𝑣𝑚𝑖𝑛

𝐸𝑙𝑒𝑣𝑚𝑎𝑥 − 𝐸𝑙𝑒𝑣𝑚𝑖𝑛

 

Where,  
Emean = Mean elevation value (from summary 

statistics for watershed raster; not median) 
Emax = Maximum elevation value  

Emin = Minimum elevation value (outlet) 



 
Study of landscape evolution in North Koel River Basin, Jharkhand, India: tectonic and structural implications based on 

hypsometric analysis 

116 

In simple word, the HI is just the mean incision of 

a basin (Emean – Emin) divided by the basin’s relief (Emax 

– Emin). 
 The hypsometric integral value is defined by basin 

geometry, relief and area of drainage basin (Lifton 
and Chase, 1992; Masek et al., 1994; Hurtrez et al., 

1999; Chen et al., 2003). Hypsometric integral is 

inversely correlated with the total relief, slope 
steepness, drainage density and channel gradients 

(Strahler; 1952). The geologic stages of development 
of landforms and erosional condition of the basins are 

calculated by hypsometric integral. High value of 
hypsometric integral specifies the youthful stage of 

less eroded areas and decreases as the landscape is 

denuded towards the maturity and then old stages. 
The HI is articulated as a percentage and is an 

indicator of the excess of the present volume as 
compared to the original volume of the basin (Ritter 

et al., 2002). The hypsometric integral is also a sign 

of the ‘cycle of erosion’ (Strahler, 1952; Garg, 1983). 
The cycle of erosion is demarcated as the total time 

required for reduction of a land topological unit to the 
base level i.e. the bottom level. This entire period of 

the cycle of erosion can be grouped into three 
categories, each representing the three distinctive 

stages of the geomorphic cycle, viz. (i) the 

monadnock stage if HI ≤ 0.35, in which the basin is 
fully alleviated; (ii) the equilibrium or mature stage if 

0.35 ≤ HI ≤ 0.60, in which the basin development 
has attained steady state condition and (iii) the 

inequilibrium or young stage if HI ≥ 0.60, where the 

basin is highly susceptible to erosion and is under 

development (Strahler, 1952). 

The hypsometrical integral (HI) analysis for the 
study area shows that the current stage of the basin 

is in its old stage. Table no. 03 describes HI for all ten 
sub basins of the study area. In eight sub basins the 

HI value comes below 0.35 which represent the old 

stage for the basin while two sub basins show middle 
maturity stage have 0.42 and 0.45 HI value. 

 

Fig. 9: Hypsometric Integral for the study area 

Table 3: Hypsometry Integral at Sub-basin level of the North Koel Basin 

Sub-Basin 

Name 

Area  

(sq. km) 

Max 

Elevation 
(m) 

Min  

Elevation 
(m) 

Mean  

Elevation 
(m) 

Hypsomet-

ric Integral 
(HI) 

Geological 

Stage 

SB_01 399.53 567 150.0 242.7 0.22 Old Stage 

SB_02 560.17 486 149.0 251 0.30 Old Stage 

SB_03 621.83 467 167.0 268 0.34 Old Stage 

SB_04 935.25 665 173.0 334 0.33 Old Stage 

SB_05 2574.00 807 189.0 369 0.29 Old Stage 

SB_06 3602.00 1177 224.0 624 0.42 Middle Maturity 

SB_07 1584.31 1086 221.0 455.4 0.27 Old Stage 

SB_08 164.07 574 172.0 278 0.26 Old Stage 

SB_09 81.45 453 182.0 242 0.22 Old Stage 

SB_10 84.20 374 164.0 258.2 0.45 Middle Maturity 

 

Conclusion 

From the analysis it can be concluded that; the 

North Koel River is a main tributary of Son River and 
comprises of dendritic and parallel streams with the 

average altitude of 400 m. Hypsometric curves for 
main basin as well as for sub-basins show the ‘S’ 

shape curves, indicates old or tending to old age of 

the basin. Also, the Hypsometric Integral analysis 

shows eight sub-basins are in old stage while 

remaining two sub-basins are in middle maturity 
stage. The basin has dissected landforms, and 

eroding continuously, prove the same. It has been 
also inferred that the basin has more lithological 

control than tectonic or structural controls. 
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Abstract 

In this paper, we propose a system for river monitoring based 
on wireless sensor network (WSN) technology. This system con-
sists of sensor nodes that periodically measure several environ-
mental parameters such as flow rate, water level, rainfall and 
pollution level. Each type of sensor node has two threshold val-
ues and measured data is compared with them at the end of the 
reporting interval.  
Based on the current situation in WSN and measured data ve-
locity sensors can use three different frequencies of reporting. 
Simulation of river monitoring system is done using Matlab soft-
ware tool and the results of river maintenance during one WSN 
life cycle are presented. Two possible hierarchical system archi-
tectures are considered and their performance is compared. The 
optimal system architecture for this WSN application is dis-
cussed based on the obtained results. 

Keywords: environmental management, flood detection, 
river pollution, wireless sensor networks 

Rezumat. Utilizarea rețelelor de senzori wireless 
în detectarea inundațiilor și monitorizarea 
poluării fluviale 

În această lucrare propunem un sistem de monitorizare a râurilor pe 
baza rețelelor de senzori wireless (tehnologiei WSN). Sistemul constă 
din noduri de senzori care măsoară periodic mai mulți parametri, cum 
ar fi debitul, nivelul apei, precipitațiile și nivelul de poluare. Fiecare 
tip de nod are două valori de prag și datele măsurate sunt comparate 
cu acestea la sfârșitul intervalului de raportare. 
Pe baza situației actuale din WSN și a vitezei de măsurare, senzorii 
pot utiliza trei frecvențe diferite de raportare. Simularea sistemului 
de monitorizare a râurilor este realizată folosind un instrument soft-
ware Matlab și sunt prezentate rezultatele analizei pe parcursul unui 
ciclu de viață WSN. Sunt luate în considerare două posibile arhitec-
turi ierarhice de sistem, iar performanța acestora este comparată. 
Arhitectura optimă a sistemului pentru această aplicație WSN este 
discutată pe baza rezultatelor obținute. 

Cuvinte-cheie: managementul mediului, detectarea in-
undațiilor, poluarea râurilor, rețelele de senzori wireless 

Introduction 

In many industrial, scientific and medical applica-
tions, there is a need for intense and extensive data 

collection from the physical environment for monitor-

ing purposes. In Serbia, about 13% of the territory 
(1.6 million ha) is endangered by floods and more 

than 2.08 million ha must be protected from floods of 
external and internal waters. It is necessary to drain 

the existing 2.67 million ha (Gavrilović, 1975; Serbian 

Ministry of Agriculture, Forestry and Water Manage-
ment, 2001; Dragićević et al., 2009; Đorđević, 2009). 

Although significant protection systems have been 
built from the decades-long flood struggle, some of 

the erosion and torrential types can endanger about 
90% of the territory.  

Significant improvements regarding the sustaina-

ble use, protection and development of water re-
sources in the Republic of Serbia have been made 

with the establishment of Water Management Infor-
mation System of Serbia. The synchronization with 

relevant EU documents has been made, in particular 

with Directive 2007/60/EC of the European Parlia-
ment and the Council of the European Union from 23rd 

October 2007 on the assessment and management of 
flood risks (EFD 2007/60/EC) and with SOFPAS 

(Study of Flood Prone Areas in Serbia) project (Indi-
kativna mapa područja rizika od poplava, 2016; 

Đorđević, 2017).  

However, legacy systems for river monitoring 
based on complex sensor devices that use point-to-

point communication for sending data did not provide 
the necessary flexibility, scalability and they required 

high operational and maintenance cost. Further de-

velopment of communication technologies has ena-
bled the application of wireless sensor networks 

(WSN) (Dargie & Poellabauer, 2011).  
WSN applications are based on usage of small, 

low-cost and multi-functional sensor platforms. These 
platforms have the ability to form ad-hoc wireless net-

works in the area of interest, communicate with each 

other and deliver collected data to the end user. A 
river monitoring schemes based on WSN technology 

have been already studied in (Morias et al., 2005; Seal 
et al., 2012; Ahmad et al., 2013; Pasi & Bhave, 2015). 

The rest of the paper is organized as follows. In 

the second section, the WSN architecture and its 
principles of work are defined. The third section con-

tains description of the proposed simulated model 
for river monitoring. The main part of this paper is 

explained in the fourth section, where the simulation 

results are presented. Based on the obtained results, 
conclusions are pointed out in the fifth section. 
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Wireless Sensor Networks 

For the needs of collecting and transmitting data 
in WSN, a multifunctional platform called sensor node 

(SN) is used. By placing a large number of SNs within 

the area under the observation, a sensor field is 
formed. In general, SNs are scattered within the sen-

sor field in order to perform local measurements of 
the observed phenomenon. The collected information 

is transmitted through mutual communication be-

tween SNs to the Sink. Sink represents the destina-
tion of all packets that transmit data from SNs and 

enables two-way communication between the end 
user of WSN with all SNs. Sink is considerably more 

complex than SN, it has larger size and greater pos-
sibilities for data processing. Communication with the 

end user of WSN is realized using the available net-

work infrastructure in the area of interest. In most 
cases, Sink is a Base Station of the corresponding mo-

bile network that transmit data collected from SNs to 
external network (Internet) (Buratti & Verdone, 

2008). One possible WSN communication architec-

ture with two sensor fields is shown in Fig. 1. 

 

Figure 1: WSN communication architecture 

Data collected by SN is forwarded to Sink over a 

large number of SNs and routed through the ad-hoc 
multi-hop WSN architecture. In many applications, it 

is not necessary that all SNs in the network deliver 

data to Sink. In order to reduce the amount of traffic 
and energy consumption in WSN, the combined in-

formation obtained by combining the data of more 
SNs is delivered. Successful data aggregation can be 

achieved by the formation of mutually separated 
groups of SN clusters (Duan & Yuan, 2006). The clus-

ter consists of several SNs, one of which has the role 

of a cluster coordinator - cluster head (CH). Other 
SNs in cluster communicate only with CH while CH 

coordinates the process of communication and col-
lection of sensor data and performs data aggrega-

tion. A set of all CHs in WSN that communicate with 

each other and perform routing of data and packets 
from and to Sink represents a higher layer of two-

layer WSN hierarchical architecture. The lower layer 

consists of SNs within a single cluster without the 

possibility of mutual communication. The choice of 
CH is done according to the criterion of the lowest 

energy consumption possible, as well as in accord-
ance with the application of WSN, traffic require-

ments of the network and data routing needs (Yadav 

et al., 2007; Cengiz & Dag, 2017). 

Simulation Model 

We consider the use of WSN for monitoring the 
parameters of the river basin in each cell (cluster) that 

covers the area shown in Fig. 2 (Marković & Drajić, 
2015; Lukić & Lukić, 2017). Simulation environment 

supports two Sink positions: in the centre of the sen-
sor field and at the centre of the lower edge of the 

sensor field. WSN consists of two cell types: RMC 

(River Monitoring Cells) and RFC (Rain Fall Cells). 
RMC cells includes five RMSN (River Monitoring Sen-

sor Node) with sensors for tracking the river flow rate 
FRS (Flow Rate Sensors), current water level WLS 

(Water Level Sensors) and river pollution level PLS 

(Pollution Level Sensors). In addition, there are four 
RFSN (Rain Fall Sensor Node) with rainfall sensors 

RFS (Rain Fall Sensors) in each RMC cell on the 
ground by the river. Each cell has one SN that per-

forms the calculations, it is called computational node 
(CN), and at the same time represents a permanent 

CH for that cell. To track the river basin for possible 

rise in water level - Flood Detection Monitoring (FDM) 
function and pollution level - River Pollution Monitor-

ing (RPM) function, it is necessary to send the infor-
mation collected by each CH to the Sink located at 

some distance. For this reason, additional RFC cells 

are formed, through which the data from the RMC 
cells are routed to the Sink. Since these nodes would 

not only be used for transmission, they also contain 
RFSN sensors and thus measure the amount of rain 

fall on a much wider surface. Each RFC cell includes 

nine RFS sensors and one of them is CH located in 
the middle of the cell. 

For all parameters measured by FRS, WLS, RFS 
and PLS sensors two values are defined: actual 

value and the measured value with the given accu-
racy of the measurement. FRS, WLS and RFS sen-

sors perform measurements every 15 minutes and 

PLS sensors every 30 minutes and they process the 
received data in the given observation interval. De-

pending on the situation in WSN the length of ob-
servation period can be 15 minutes (alarm for FDM 

function), 1h (increased alertness for FDM func-

tion), 6h (normal operation for FDM function), 2h 
(alarm for RPM function), 6h (increased alertness 

for RPM) and 12h (normal operation for RPM func-
tion). At given time intervals, SNs send data with 

reports that contain a minimum, maximum and me-
dium value for the collected measurement result. 
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SNs for each measured parameter value have de-

fined two thresholds so they can have three states: 

below the lower threshold, between two thresholds 
and above the upper threshold.  

Depending on the current state and the change 
in measured values it is possible to define the sta-

tus of the sensor for FDM and RPM function, ac-

cording to which SN can independently decide to 
send reports more often to its CH. Depending on 

the results collected during the current observation 
period CH can independently change the status of 

reporting in the cell. In that way, for each FDM and 
RPM function three cell states can be defined: nor-

mal operation (very rare reporting), increased 

alertness (slightly more frequent reporting) and 

alarm (frequent reporting).  

Two hierarchical WSN architectures are exam-
ined: single-hop and multi-hop. In a single-hop ar-

chitecture CH sends data collected from cluster 
members directly to the Sink. In a multi-hop archi-

tecture CHs form a higher network layer and through 

multiple jumps by mutual communication send data 
from their cluster to the Sink. Simulation of the river 

monitoring system is performed with Matlab soft-
ware tool. Fig. 2 contains a graphical representation 

of WSN model simulated in Matlab. 

 

Figure 2: Simulated WSN model with RMC and RFC cells 

Results 

The WSN work is designed in 15-minute time 

frames. Observation lasts one month so there are 
2880 time frames during the network life cycle. At 

the beginning of each time period, the output varia-
bles obtained in the previous reporting interval are 

set as initial values for the current period.  
During the specific reporting interval, identical 

procedures for both FDM and RPM function are exe-

cuted and they include the following: calculating the 
minimum, maximum and mean data values collected 

from the corresponding sensor type, defining of the 
SN state and cell state based on measured data and 

counting the number of packets sent from SN to CH 

and the number of aggregated packets sent from CH 
to the Sink. 

Simulation model is implemented in a way that 
makes SN change its state to increased alertness or 

alarm state if at least one sensor type within the 
FDM and RPM function exceeds the lower or upper 

threshold, respectively. It has also been assumed 

that the cell state changes if the state of at least half 
of the SNs in that cell has changed. In order to ex-

amine the reliability of the event detection, the root-
mean-squared error (RMSE) of the measured values 

is calculated for each sensor type.  
At the end of the simulation the number of pack-

ets sent by each SN during the network life cycle is 

stored in vector SN_sent. The number of aggregated 
packages sent by each CH to the rest of the network 

is stored in the corresponding vector CH_sent. The 
residual energy of SNs can be found in vector 

SN_E_new. The values of these vectors during the 

WSN work is graphically represented in Fig. 3 in case 
of a single-hop WSN architecture. 

The same procedure is performed on a multi-hop 
WSN architecture. Corresponding vector values are 

calculated and presented in Fig. 4. The number of 

packets sents from SN to CH and the number of ag-
gregated packets sent from CH to the Sink is de-

creased in relation to the single-hop case. 
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Figure 3: Content of SN_sent, CH_sent and 
SN_E_new in case of a single-hop WSN 
architecture 

 

Figure 4: Content of SN_sent, CH_sent and 

SN_E_new in case of a multi-hop WSN 

architecture 

In a multi-hop scenario CHs are communicating 
with each other so the total number of aggregated 

packets is distributed among CHs in WSN which re-

sults in the lower average number of packets sent by 
CH to the Sink. Also, the remaining energy of SNs is 

much higher compared to a single-hop WSN architec-
ture due to the very nature of a multi-hop communi-

cation in WSN. 

For both hierarchical system architectures the 
RMSE of data collected by each sensor type is ob-

tained. These values are shown in Fig. 5 and 6 for a 
single-hop and a multi-hop WSN architecture, respec-

tively. Results are very similar although deviation be-
tween values predicted by simulation model and ob-

served values is slightly higher in a single-hop case. 

 

Figure 5: RMSE values for data measured by SNs 

in case of single-hop WSN architecture 

 

Figure 6: RMSE values for data measured by SNs 

in case of multi-hop WSN architecture 

Conclusion 

This paper considers usage of WSN technology in 

the river maintenance. Proposed simulation model 

gives very precise results and it shows that environ-
mental parameters were accurately measured dur-

ing the observation period.  
Moreover, it was concluded that a multi-hop ar-

chitecture is more efficient in terms of energy con-

sumption compared to the single-hop architecture 
and that it increases overall network life span. Based 

on the obtained results the multi-hop hierarchical ar-
chitecture represents the optimal system architec-

ture for this WSN application. 
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Abstract 

The purpose of the article is to present the impact of human 
activities on natural landscapes in the Romanati Plain. With the 
change of the communist regime, the form of ownership of the 
land has changed due to the disappearance of agricultural 
cooperatives. This has led to land breaking and changing the way 
it is used. By ccalculating some human environmental pressure 
indicators, based on statistical data, maps were made using GIS 
programs, which were then compared and interpreted, thus 
following the evolution of anthropic environmental impact during 
the period 1992-2017. 

Keywords: human pressure, Romanați Plain, population 
density, anthropic activities 

Rezumat. Impactul activităților umane asupra 
mediului natural în Câmpia Romanațiului 
(România), în perioada postcomunistă 

Scopul articolului este acela de a prezenta impactul activităților 
umane asupra peisajelor naturale în Câmpia Romanațiului. Odată 
cu schimbarea regimului comunist, s-a schimbat și forma de 
proprietate a pământului prin dispariția cooperativelor agricole. 
Acest lucru a dus la fărâmițarea terenurilor și schimbarea modului 
de utilizare a acestora. Prin calcularea unor indicatori de presiune 
umană asupra mediului, pe baza datelor statistice, s-au realizat 
hărți cu ajutorul programelor GIS, acestea fiind apoi comparate și 
interpretate, urmârindu-se astfel evoluția impactului antropic 
asupra mediului, în perioada 1992-2017.  

Cuvinte-cheie: presiunea umană, Câmpia Romanațiului, 
densitatea populației, activități antropice 

 

Introduction 

The need to assess the human impact on the 
environment has led to the development and 

introduction of environmental quality indicators in 
the international literature, this thing being done by 

Maruszczak (1988) and Pietrzak (1998), when they 

assessed environmental quality in the Polish 
Carpathians. 

Pătroescu et al. (2000) made the first hierarchy 
of the Romanian Plain landscapes and introduced 

these indicators of environmental quality assessment 

as a result of the impact of anthropogenic pressure 
in Romania's literature. In the following years, a 

number of papers on the environmental quality 
assessment were published for some of the larger 

relief units: Oltenia Plain (Dumitraşcu, 2006), 
Bălăciţa Piedmont (Ionuș et al., 2011), Dăbuleni 

Plain (Simulescu and Zamfir, 2015), the northern 

part of the Someşan Plateau (Bogan et al., 2015), or 
smaller areas: the basin of the Bâsca Chiojdului river 

(Zarea and Ionus, 2012), Almăj Land (Ianăş, 2013), 
Ghioroiu commune (Boengiu et al., 2016), the Nera 

Gorges-Beușnița National Park (Ianăș and Germain, 

2018), etc. 

Study area 

The Romanați Plain (named after the former 

county of Romanați) represents the eastern subunit 

of the Oltenia Plain and has an area of 
approximately 3156 sq. km (being the largest 

subunit - Badea et al., 2011). It extends between 
the floodplains of Jiu (west), Olt (east) and Danube 

(south) rivers, while the northern boundary to the 

Olteț Piedmont is not so clear, being generally given 
by the alignment of the localities Craiova - Pieleşti - 

Balș - Piatra -Olt. Geographically, the plain is 
situated approximately between the parallels of 

43°35' and 44°25' north latitude and the meridians 

of 23°45' and 24°50' east longitude. 
Located in south-western part of Romania, the 

Romanați Plain has a predominantly agricultural 
character, so the impact of human activities has 

played over time a significant role in changing the 
natural environment. The ancient population of the 

plain has been highlighted by the numerous 

archaeological discoveries on its territory, namely 
the Paleolithic settlements on the Olt valley and the 

Neolithic settlements in Vădastra commune 
(Geografia României vol. V, 2005). 

The altitudes of the plain descend from north to 

south, the highest altitudes (190 m) being on the 
interfluve between Jiu and Teslui rivers, in the 

northern part of the Leu-Rotunda Plain subunit, and 
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descend to 20-30 m at the contact of the plain with the Danube’s floodplain (Fig. 1). 

 

Figure 1: The Romanați Plain – study area 

 
The Romanați Plain is a piedmont plain, with a 

corrugated surface due to the accumulation of 
aeolian sands from the Jiu, especially, and the 

Danube’s floodplains, which is affected by deflation 
and accumulation processes, that shape the areas 

which are not protected by vegetation. 
The deficient internal water resources of the 

plain corroborated with the high temperatures in the 

warm season, and the predominantly sandy soils, 
lead to frequent occurrence of drought phenomenon 

(Vlăduț, 2007). The De Marton moisture index of 25-
26 and the aridity index of 160-210 mm highlight 

the fact that the Romanați Plain (especially its 

southern part) has the semiarid and excessively dry 
type of climate (Vlăduț, 2010; Dragotă et al., 2011). 

So, water and climate stress, as well as the 

intensive cultivation of land, had a bad effect on the 
initial vegetal formations, leading to a drastic 

reduction in the number of species and individuals in 
the flora and fauna species. At present, the natural 

vegetation covers less  than 5% of the study area 
(Dumitrașcu, 2006). 

Thus, in order to assess the anthropic changes 

on the environment in the Romanați Plain, a number 
of indexes were selected from the above mentioned 

literature, such as: population density, landscape 
artificialization index, naturality index, environmental 

change index, the index of human pressure on the 

environment through land use (agricultural, forestry, 
pasture and hayfields, vineyards, orchards). 
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Data and methods 

In order the calculate the indexes for 

assessingthe anthropic impact on the quality of the 

environment, 3 reference years were chosen, 
namely the Censuses of Population and Housing 

from 1992 and 2002, and the year 2017, the latter in 
order to present the current situation. The statistical 

data was provided by the Dolj, Olt and Teleorman 

County Statistics Offices. 
If for the years 1992 and 2002 the values were 

calculated for 69 administrative-territorial units, for 
the year 2017 values were calculated for 78 

administrative-territorial units, this being due to the 
Law No. 84/2004, which provided the administrative 

reorganization of several communes throughout the 

country, and the emergence of new administrative-
territorial units. 

Statistical data were processed using GIS 
techniques, yielding values for the 3 reference years, 

for a series of indexes addressing anthropic pressure 

on the natural environment. The resulting maps and 
values were then compared and interpreted to give 

an overview of the impact of human activity on the 
environment in the Romanați Plain, in the post-

socialist era. 
For the calculation of the human pressure 

indicators on the environmental, the following 

formulas were used: 
- Population density  

Pd = No. inhabitants / Total area 
- Naturality index 

Ni = Forest area / Total area 
- Environmental change index 

Ech = Forest + pasture + hayfield area / Built-up 
area 

- Landscape arficialization index 
Ai = Built-up + industry + communication roads / 

Total area 
- Human pressure through agriculture 

Pa = Agricultural area / No. inhabitants 
- Human pressure through forest 

Pf = Forest area / No. inhabitants 
- Human pressure through orchards 

Po = Orchard area / No. inhabitants 
- Human pressure through vineyards 

Pv = Vineyard area / No. inhabitants 
- Human pressure through pasture and 

hayfields 
Pph = Pasture + hayfield area / No. inhabitants 

Results and discusions 

Population density is the first index that was 

determined and represent the number of inhabitants 
that live in an area of 1 square kilometer (Fig. 2): 

 

  

Figure 2: Population density in Romanați Plain (a-1992; b-2017) 

In 1992, the total population of the 69 

administrative-territorial units comprised in the 
Romanați Plain amounted 680.126 persons. Most 

inhabitants were registered in the towns of Craiova 

(308,810 inh.), Caracal (39,660 inh.), Balş (24,146 

inh.), Corabia (22,602 inh.) and Dăbuleni commune 
(15,048 inh.), while the lowest values, less than 

2500 inhabitants, were registered in six communes. 
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The average population density for the 69 ATUs was 

167.69 inh./km2, the highest values being recorded 

in the towns of Craiova (5251.87 inh./ km2), Balș 
(587.07 inh./km2), Caracal (569.5 inh./km2), Corabia 

(180.86 inh./km2) and Bechet (150.07 inh./km2). 
The lowest values, under 50 inh./ km2 were 

recorded in Ianca (45.67 inh./km2), Orlea (44.62 

inh./km2), Apele Vii (44 inh./km2), Teslui (42.67 
inh./km2), Drăgotești (42.41 inh./km2) and Redea 

(29.26 inh./km2). 
Compared to the year 1992, the total population 

in 2002, for the 69 ATUs registered a slight increase, 
up to 685,006 persons, the average population 

density decreasing from 167.69 inh./km2 (1992) to 

147.36 inh./km2  (2002). The expansion of some 
cities, lead to the substantial increase of the total 

area, thus explaining the high average population 
density decrease. 

As a result of the territorial reorganization in 

2004, in 2017, the Romanați Plain included 78 ATUs. 
The total population has decreased in the studied 

area by approximately 60,000 persons compared to 
2002, to 628,285 persons. The largest number of 

inhabitants was still recorded in the towns of Craiova 
(307,290 inh.), Caracal (35,742 inh.), Balş (21,445 

inh.), Corabia (18,614 inh.) and Dăbuleni (12,409 

inh.). The communes ranking last had less than 
1500 inhabitants (3 communes – Şopârlița, Grădinile 

and Vădastra) and it is worth mentioning the fact 
that they are not the ones with the lowest values in 

1992. This significant drop in population was due to 

the negative natural growth in rural areas and the 
migration of young people to cities and aslo to 

emigration in the better developed countries from 
Western Europe, in search of a better life. 

The average population density decreased from 

147.36 inh./ km2 (2002) to 126.51 inh./ km2 in 2017, 

with the highest values being obviously in towns, 
although decreasing, while in more than half of the 

communes it was less than 77 inh./ km2, with values 
as low as 23.17 inh./km2 (Redea).  

The naturality index represents the ratio 

between the forest area and the total area (thus 
determining the degree of afforestation), being 

calculated at the level of administrative-territorial 
unit. 

Taking into account the values obtained from 
calculating this index, Ionescu et al. (1989) 

categorized the degree of landscape damage in 6 

categories: 
- landscape with ecological balance close to the 

original one (> 0.60); 
- landscape with relatively stable ecological 

balance (0.45-0.60); 

- landscape with weak affected ecological 
balance (0.30-0.45); 

- landscape at the ecological balance limit (0.20-
0.30); 

- landscapes with strong affected ecological 
balance (0.10-0.20); 

- landscape with very strong affected ecological 

balance (<0.10). 
Being a plain unit and having a predominantly 

agricultural character, the values obtained for the 
naturality index (for all 3 reference years), fall within 

the last four categories of classification, respectively 

from the landscape with weak affected ecological 
balance, to the one with very strong affected 

ecological balance (Fig. 3). 

  

Figure 3: Naturality index in Romanați Plain (a-1992; b-2017) 
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For the year 1992, the average value of this 

index was 0.08, the total area occupied by forests 

being 34,018 ha. The highest values of the naturality 
index were recorded by the just a few communes 

(only five registering an index above 0.20). The 
lowest values were recorded in the ATUs without 

forests, namely Bucinişu, Craiova, Găneasa, Pieleşti, 

Redea, Rotunda and Vişina. 
Thus, 49 ATUs had a landscape with very strong 

affected ecological balance, 17 a landscape with 
strong affected ecological balance, 2 a landscape at 

the ecological balance limit and only 1 a landscape 
with weak affected ecological balance. 

In 2002, the average value of the naturality index 

was maintained at 0.08, with the forest area 
increasing to 35,585 ha. 

Regarding the framing in the above-mentioned 
categories, 48 ATUs had a landscape with very 

strong affected ecological balance, 18 a landscapes 

with strong affected ecological balance, 2 a 
landscape at the ecological balance limit and only 1 

a landscape with weak affected ecological balance. 
Also in 2017 the average value of the naturality 

index of the landscape remained constant (0.08), 
the area occupied by forests slightly increasing to 

36,520 ha. 

The highest values were recorded in the 
communes of Apele Vii (0.33), Bobiceşti (0.26), 

Bratovoeşti (0.26), Fărcăşele and Osica de Jos 
(0.20). The lowest values were also registered in the 

communes that didn’t own forests, namely Redea, 

Rotunda, Traian, Vădastra and Vişina Nouă. 

Out of the 78 ATUs, 55 had a landscape with 

very strong affected ecological balance, 20 a 

landscapes with strong affected ecological balance, 
2 a landscape at the ecological balance limit and 

only 1 a landscape with weak affected ecological 
balance. 

Therefore, between 1992 and 2017, the 

naturality index remained the same, but the area 
covered by forests increased from 34,018 ha to 

36,520 ha. This was because of the many voluntary 
actions of afforestation conducted in some 

communes (Sadova, Dăbuleni, Apele Vii) by diferent 
NGOs and by the „Rebirth of the Forestˮ Association, 

which was formed in Mârșani, with the aim to 

reforest the unproductive lands from this commune. 
The environmental change index was 

calculated as the ratio between the natural and the 
anthropic surfaces (Fig. 4). This index was coined by 

the Polish researchers Maruszczak (1988) and 

Pietrzak (1998), and was used to assess the 
environmental changes in the Carpathian region in 

Poland, and it was calculated using the following 
formula: 

Ech = Forest + pasture + hayfield area / Built-up 
area 

Taking into account the agricultural specificity of 

the Romanați Plain, Dumitraşcu (2006) adapted the 
formula for calculating the environmental change 

index as follows: 
Ech = Forest + pasture + hayfield +aquatic area / 

Built-up + arable + vineyards + orchards area 

  

Figure 4: Environmental change index in Romanați Plain (a-1992; b-2017) 

In 1992, the average value of the environmental 
change index was 0.20. 

The highest values of this index were recorded in 
just 6 communes, scattered throughout the entire 
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analysed area, while 4 other communes and Craiova 

have an index of less than 0.02.  Of the cities and 

communes included in the studied area, 35 ATUs 
were included in the category under 0.15, 16 ATUs 

in the category 0.16-0.30, 12 ATUs in the category 
0.31-0.45, 4 ATUs in the category 0.46-0.60 and 2 

ATUs in the category over 0.61. 

In 2002 and 2017, the average value of the 
environmental change index remained constant at 

0.20. Also, the highest and lowest values of the 
index remained largely unchanged, as well as the 

number of administrative-territorial units in each 

category of values. 

Of the 78 administrative-territorial units, 39 were 
included in the category under 0.15, 18 ATUs in the 

category 0.16-0.30, 17 ATUs in the category 0.31-
0.45, 4 ATUs in the category 0.46-0.60 and 1 ATU in 

the category over 0.61. 

The landscape artificialization index 
completes the landscape naturality index and 

represents the ratio between the built-up areas and 
the total area of the administrative-territorial unit 

(Fig. 5). 

  

Figure 5: Landscape artificialization index in Romanați Plain (a-1992; b-2017) 

In 1992, the average value of the landscape 
artificialization index in the Romanați Plain had a 

value of 0.05, the built-up area being about 25,013 
ha. The highest values of this indexindex were 

recorded in Craiova (0.56), Caracal, Osica de Sus 

and Dobrun (0.13), and the lowest in Coşoveni, 
Dăbuleni, Pieleşti, Găneasa (under 0.02). 

Regarding the framing in the 5 categories of 
values, 15 ATUs were categorized under 0.03, 36 

ATUs in the category 0.04-0.06, 11 ATUs in the 
category 0.07-0.09, 6 ATUs in the category 0.10-

0.13 and 1 ATU in the category over 0.14. 

In 2002, the average value of the landscape 
artificialization index slightly increased to 0.06, and 

the built-up area increased to 26,120 ha. Craiova 
(0.47), Caracal, Osica de Sus and Dobrun (0.13) 

were the localities with the highest values of this 

indexindex, while Apele Vii, Grojdibodu, Coşoveni 
and Dăbuleni (under 0.02) recorded the lowest 

values of the artificialization indexindex of the 
landscape. 

Taking into account the value of this indexindex, 
13 ATUs recorded values under 0.03, 38 ATUs values 

between 0.04-0.06, 11 ATUs values between 0.07-
0.09, 6 ATUs values between 0.10-0.13 and 1 ATUs 

value over 0.14. 

Compared to the years 1992 and 2002, the 
average value of the landscape artificialization 

indexindex in 2017 slightly increased to 0.07, and 
the built-up area to 29,725 ha. 

In the cities of Craiova (0.48), Caracal (0.16) and 
Balș (0.14) were recorded the highest values of the 

landscape artificialization indexindex, while in Orlea, 

Redea, Tia Mare, Coşoveni (0.03) and Grojdibodu 
(0.02) the lowest values. 

Concerning the classification in value groups, 5 
ATUs were in the category under 0.03, 47 ATUs in 

the category 0.04-0.06, 19 ATUs in the category 

0.07-0.09, 3 ATUs in the category 0.10-0.13 and 3 
ATUs in the category over 0.14. 

Thus, the built-up area increased from 25,013 ha 
to 29,725 ha, because of the expansion of the built-

up areas in cities (Caracal, Corabia, Balș) and rural 
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settlements (mainly in the Dăbuleni Plain - south-

western part of the Romanați Plain). 

Human pressure through agricultural land 
is an indexindex that represents the intensity of 

anthropic activity on the environment through the 
agricultural use of the land in the studied area (Fig. 

6). Pătroescu et al. (2000) highlights that human 

pressure on the environment is even higher as the 
share of the agricultural area per capita is higher. 

According to FAO/UNESCO classification 
published in "La carte mondial des solsˮ (1964) 4 

categories of landscapes were established: 
- territories situated at the limit of maintaining 

the relative balance of the natural components of 

the landscape (<0.40 ha/inh.); 

- moderately balanced and very weak unbalanced 

rural landscapes (0.41 - 1 ha/inh.) - characterized by 

the alternation of cultivated areas and areas with 
other uses (forests, built-up surfaces); 

- heavily unbalanced rural landscapes (1.01 - 2 
ha/inh.) - characterized by agricultural crops (the 

presence of sporadic forest clusters); 

- very strong unbalanced rural landscapes (> 2 
ha/inh.) - areas where agriculture is intensively 

practiced. 
Dumitraşcu (2006) indicates that the limit 

imposed by FAO in order to maintain the balance of 
the environment is 0.4 ha/inh. arable land. 

  

Figure 6: Human pressure through agricultural land in Romanați Plain (a-1992; b-2017) 

In 1992, the average value of the human 

pressure indexindex through agricultural land use 
was 1.13 ha/inh. The highest values were registered 

in the communes of Redea (3.24 ha/inh.), Teslui 

(2.10 ha/inh.) and Drăgotești (2.03 ha/inh.), while 
the lowest values were in the cities of Caracal (0.15 

ha/inh.), Balș (0.13 ha/inh.) and Craiova (0.01 
ha/inh.). 

According to the obtained values for this 
indexindex, 3 administrative-territorial units had a 

relative balance of the natural components of the 

landscape, 28 ATUs had a moderately balanced and 
very weak unbalanced landscape, 35 ATUs a heavily 

unbalanced landscapes and 3 ATUs a very strong 
unbalanced rural landscapes (Drăgoteşti, Redea, 

Teslui). 

In 2002, the average value of the human 
pressure index through agricultural land use 

remained the same, namely 1.13 ha/inh.. 
As in 1992, the highest values were registered in 

the communes of Redea (3.74 ha/inh.), Teslui (2.33 

ha/inh.) and Drăgotești (2.21 ha/inh.), and the 

lowest in Caracal (0.15 ha/inh .), Balş (0.14 ha/inh.) 
and Craiova (0.01 ha/inh.). 

Also the classification in the 4 categories of 

landscapes remained the same, respectively 3 
administrative-territorial units had a relative balance 

of the natural components of the landscape, 28 
ATUs had a moderately balanced and very weak 

unbalanced landscape, 35 ATUs a heavily 
unbalanced landscapes and 3 ATUs a very strong 

unbalanced rural landscapes (Drăgoteşti, Redea, 

Teslui). 
The year 2017 brings an increase in the average 

value of the human pressure index through 
agricultural land use in the studied area, this being 

1.33 ha/inh.. 

The highest values were recorded in Redea (4.10 
ha/inh.), Teslui (2.76 ha/inh.), Gura Padinii (2.63 

ha/inh.), Drăgotești (2.42 ha/inh.), and the lowest in 
Caracal (0.16 ha/inh.), Balş (0.14 ha/inh.) and 

Craiova (0.01 ha/inh.). 
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The obtained values revealed that 3 ATUs had a 

relative balance of the natural components of the 

landscape, 16 ATUs had a moderately balanced and 
very weak unbalanced landscape, 53 ATUs a heavily 

unbalanced landscapes and 6 ATUs a very strong 
unbalanced rural landscapes (Dobrun, Drăgotești, 

Gura Padinii, Redea, Robănești, Teslui). 

Analyzing the index of human pressure on the 
environment through agricultural use of the land, it 

can be observed and increase in the average value 
of this index, from 1.13 ha/inh. to 1.33 ha/inh.. The 

highest change in the land use was registered in the 
Leu-Rotunda Plain (the north part of it), and it was 

caused by the deforestation of vineyards, orchards 

and forests, and transforming this land into 
agricultural land. 

Human pressure through forests is an index 
showing the anthropic pressure on the environment 

through land use as forests in the studied area (Fig. 

7). 
The FAO/UNESCO (1964) minimum limit for 

maintaining the balance of the environment is 0.3 ha 
of forest per capita. 

In 1992, the average value of the human 
pressure index on the environment through forests 

was 0.11 ha/inh. (34,018 ha of forests). 

The only administrative-territorial units that were 
above the FAO's established minimum limit were the 

Apele Vii (0.77 ha/inh.), Bobiceşti (0.40 ha/inh.), 

Dobreşti (0.38 ha/inh.), Voineasa (0.30 ha/inh.). 

The lowest values were recorded in the very poor 
afforested ATUs (under 0.01 ha/inh.), namely Redea, 

Pielești, Bucinişu, Găneasa, Vişina, Rotunda and 
Craiova. 

In 2002, the average value of this index was also 

0.11 ha/inh., due to both the increase of the number 
of inhabitants to 685,006 (from 680,126) and the 

surface occupied by forests (35,585 ha). 
The year 2017 brings an increase in the average 

value of the human pressure index through forests, 
at 1.13 ha/inh. 

This was due to the increase of the afforested 

surface in the studied area, to 36,520 ha, but also to 
the decrease of the number of inhabitants by 

approximately 60,000 persons compared to 2002. 
The highest values were registered in the 

communes Apele Viii (0.90 ha/inh.), Ianca (0.55 

ha/inh.), Bobiceşti, Bratovoeşti (0.43 ha/inh.), and 
the lowest values (under 0.01 ha/inh.) were in 

Redea, Vădastra, Rotunda, Vişina Nouă and Traian. 
In this year, 7 administrative-territorial units have 

exceeded the minimum value (0.30 ha/inh.) of the 
human pressure index through forests. 

The surface covered by forest incresead from 

34,018 ha in 1992 to 36,520 ha in 2017, mainly in 
rural area , in Ianca, Bratovoești and Apele Vii. 

 

  

Figure 7: Human pressure through forests in Romanați Plain (a-1992; b-2017) 

The human pressure through orchards and 
fruit tree nurseries is an index of anthropic 

pressure on the environment through the land use 

as orchards and fruit tree nurseries (Fig. 8). 
In 1992, the average value of the human 

pressure index through orchards was 0.02 ha/inh., 
the total area covered by orchards and fruit tree 

nurseries being of 7782 ha. 

Areas with significant surfaces of orchards were 
found in the south-western part of the Romanați 

Plain, with the administrative-territorial units in this 

part recording the highest values of this index: 
Grojdibodu (0.21 ha/inh.), Orlea (0.20 ha/inh.), 

Ianca (0.18 ha/inh.), Dobreşti (0.16 ha/inh.), Sadova 
and Călăraşi (0.10 ha/inh.), mainly in the Dăbuleni 

Plain. 
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Figure 8: Human pressure through orchards in Romanați Plain (a-1992; b-2017) 

In 2002, the average value of the index remained 

the same, of 0.02 ha/inh., and the total area 
occupied by orchards and fruit tree nurseries grew 

slightly, from 7782 ha to 7965 ha. 
The most important areas used as orchards and 

fruit tree nurseries were also located in the 

southwest of the plain, in the Dăbuleni Plain subunit 
(Simulescu and Zamfir, 2015). 

Compared to previous years, 1992 and 2002, in 
2017, the average value of the index decreased to 

0.01 ha/inh. The total area occupied by orchards has 

dropped dramatically to 3257 ha. As a result of the 
land fund division, most of the orchards and fruit 

tree nurseries were grubbed, the surfaces occupied 
by them being currently used mainly as arable land, 

but also as built-up land, pastures and hayfields. 

Compared to the previous years, compared to 6 

communes in which the value of the human 
pressure index on the environment through orchards 

and fruit tree nurseries was at least of 0.10 ha/inh., 
in 2017 there were only 2 communes where the 

value of this index exceeded this threshold, namely 

in Gura Padinii (0.46 ha/inh.) and Dobreşti (0.17 
ha/inh.). 

The surface occupied by orchards and orchard 
nurseries suffered an important decline, this being 

caused by the deforestation of orchards in order to 

make way for agricultural land. 
The human pressure through vineyards and 

vineyard nurseries is another index of anthropic 
pressure on the environment through the land use 

as vineyards and vineyard nurseries (Fig. 9). 

  

Figure 9: Human pressure through vineyards in Romanați Plain (a-1992; b-2017) 
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In 1992, the average value of the human 

pressure index on the environment through 

vineyards and vineyard nurseries was 0.03 ha/inh., 
and the total area occupied by these was 11,272 ha. 

The highest values were obtained by Călărași 
(0.20 ha/inh.), Dobreşti (0.16 ha/inh.), Ianca (0.15 

ha/inh.), Ostroveni (0.13 ha/inh.), Ştefan cel Mare, 

Sadova (0.12 ha/inh.), Dăbuleni (0.10 ha/inh.). 
In 2002, the average value of the human 

pressure on the environment through vineyards 
index was 0.03 ha/inh., while the total surface 

occupied by these fell slightly, from 11,272 ha to 
10,458 ha. 

The widest distribution of vineyards and vineyard 

nurseries, as well as in the case of orchards and fruit 
tree nurseries, is also represented by the Dăbuleni 

Plain (southwestern subunit of Romanați Plain). 
In 2017, the average value of the human 

pressure index on the environment through 

vineyards was the same as in 1992 and 2002 (0.03 
ha/inh.), while the total area occupied by these 

decreased vertiginously, from 10,458 ha to 8466 ha. 
If in previous years, high values of this index (at 

least 0.10 ha/inh.) were recorded in 7 
administrative-territorial units, last year, high values 

were obtained in Dobreşti (0.17 ha/inh.), Călăraşi 

(0.15 ha/inh.), Cârcea (0.13 ha/inh.) and Sadova 
(0.12 ha/inh.). 

Also, the area covered by vineyards and vineyard 
nurseries suffered a dramatic loss, the surface 

decreasing from 11,272 ha in 1992 to 8466 ha in 

2017. This was due to the change of land use in the 

Dăbuleni Plain, from vineyards to agricultural land 

but also to pastures and hayfields. 

Human pressure through pastures and 
hayfields represents another index of the anthropic 

pressure on the environment through the land use 
as pastures and hayfields (Fig. 10). 

For the year 1992, the average value of the 

human pressure index on the environment through 
pastures and hayfields was 0.07 ha/inh. 

The total area occupied by these was 20,383 ha 
(20,136 ha of pastures and 247 ha of hayfields). 

The highest values were obtained in the 
communes Drăgoteăti (0.34 ha/inh.), Dobreşti (0.25 

ha/inh.), Voineasa and Redea (0.19 ha/inh.), and the 

lowest ones in Craiova and Caracal (under 0.01 
ha/inh.). 

In general, more extensive use as pastures and 
hayfields are found in the north-central parts of the 

Leu-Rotunda Plain and the Caracal Plain, and less in 

the south of these relief units and in Dăbuleni Plain. 
In 2002, the average value of the human 

pressure index on the environment through pastures 
and hayfields was still 0.07 ha/inh. 

The total area occupied by these increased from 
20,383 ha to 21,068 ha, of which 20,818 ha were 

pastures and 250 ha were hayfields. 

Some of these lands have undergone a 
conversion of their use, coming from former plots of 

land planted with vines and orchards, which have 
been grubbed by the new private owners, who have 

been appropriated after the disbadment of the 

agricultural cooperatives. 

  

Figure 10: Human pressure through pastures and hayfields in Romanați Plain (a-1992; b-

2017) 

In 2017, the average value of the human 
pressure index on the environment through pastures 

and hayfields increased to 0.08 ha/inh. 

The total surface occupied by these continued to 
increase to 21,124 ha, of which 20,945 ha are 

pastures and only 179 ha are hayfields. 



Forum geografic. Studii și cercetări de geografie și protecția mediului 
Volume XVII, Issue 2 (December 2018), pp. 123-134 
http://dx.doi.org/10.5775/fg.2018.103.d 

133 

The extension of pastures and hayfields has 

continued in the southern part of the Caracal Plain, 

and northern part of Leu-Rotunda Plain, in particular 
through the conversion of the poorly fertile 

agricultural land and degraded land. 
The highest values of this index were recorded in 

the communes of Drăgoteşti (0.44 ha/inh.), 

Grojdibodu (0.43 ha/inh.), Dobreşti (0.31 ha/inh.), 
Redea (0.26 ha/inh.), Ianca 0.23 ha/ nh.), and the 

lowest in Obârșia, Bucinişu, Vişina, and Amărăştii de 
Jos (less than 0.01 ha/inh.). 

Conclusions 

The Romanati Plain is a relief unit inhabited since 
the Paleolithic and whose population is mainly 

engaged in the agricultural sector, the middle and 

large settlements concentrating about 80% of the 
total population. 

Beside the 6 cities (Craiova, Caracal, Balș, Piatra-
Olt, Corabia, Dăbuleni), most of the settlements are 

rural settlements, with an agricultural profile (grain, 

vine, fruit, technical crops, livestock breeding). Thus, 
the impact of human activities over the years has 

made its presence felt by modifying almost totally 
the original natural vegetation and replacing it with 

farmland, vineyards and orchards, pastures and 
hayfields. 

Regarding the anthropic environmental pressure, 

the data analyzed for the 3 reference years show, in 
addition to the demographic decrease, a change in 

the way land is used. The surfaces occupied by 
vineyards and vineyard nurseries as well as those 

occupied by orchards and fruit tree nurseries have 

fallen vertiginously, instead of these are expanding 
the surfaces occupeid by pastures and hayfields, as 

well as agricultural land. A slight increase has also 
been recorded in the areas occupied by forests, in 

addition to the national afforestation programs, due 

to the various planting actions organized on a 
voluntary basis by various NGOs and private and 

public institutions, over the last 10 years. 
Thus, even in the period after the fall of 

communism in Romania, human pressure on the 
natural environment of the Romanați Plain remained 

high. In this respect, communities and local 

decision-makers are expected to take measures to 
protect and improve the environment through a 

sustainable development approach. 
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Abstract 

Modelling intact forest landscapes (IFL) quality as habitats for 
various species represents a crucial aspect concerning wildlife 
conservation. Landscape ecology provides a rice pallet of metrics 
suitable for quantifying complex relationships between landscapes 
structure and function. Our research aims to conduct an ecological 
diagnosis of the 2013 non-altered IFL patches as optimal habitats 
for both edge and interior preferring species by taking into 
account their spatial adjacency to altered IFL patches by fire 
related and non-fire related causes between 2003 and 2013 
through the use of the Edge Contrast Index Metric and the Core 
Area Index Metric. Our results evidence that none of the world 
geographical forest regions suffered potential ecological 
dysfunctions as habitats for either interior or edge dwelling 
species. However, the equatorial forest zones of Africa, America 
and Asia are characterized by alarming low levels of habitat quality 
which in the future can generate severe malfunctions. 

Keywords: Intact Forest Landscapes, Landscape 

Ecology, Landscape Function, Landscape Structure, 

Edge Contrast, Core Area. 

Rezumat. Modelarea calității habitatelor 
peisajelor forestiere intacte la scară globală 
folosind metode specifice ecologiei peisajelor 

Modelarea calității habitatelor peisajelor forestiere intacte (IFL) 
pentru diferite specii reprezintă un aspect crucial în privința 
conservării biodiversității. Ecologia peisajelor permite aplicarea 
unei game variate de metrici utili în vederea cuantificării relațiilor 
complexe dintre structura și funcția acestora. Studiul de față are 
ca scop realizarea unui diagnostic ecologic al parcelelor IFL 
nealterate din anul 2013 în contextul eficienței funcției acestora 
de habitate pentru specii ce preferă atât zonele de margine, cât și 
cele interioare prin intermediul cunatificării influenței parcelelor 
vecine alterate în perioada 2003-2013 din cauze naturale sau 
antropice cu ajutorul Indexului Contrastului de Margine și 
Indexului Suprafeței Centrale. Rezultatele evidențiază faptul că 
regiunile forestiere globale nu prezintă potențiale disfuncționalități 
ecologice în contextul furnizării de habitate atât pentru specii 
interioare, cât și de margine. Totuși, regiunile ecuatoriale din 
Africa, America și Asia sunt caracterizate de prezența unei calități 
scăzute a habitatelor, situație ce pe viitor poate genera 
disfuncționalități severe.  

Cuvinte-cheie: Peisaje Forestiere Intacte, Ecologia 
Peisajelor, Funcția Peisajelor, Structura Peisajelor, Contrast de 
Margine, Suprafață Centrală.  

Introduction 

Intact forest landscapes (IFL) are composed by a 
multitude of wild ecosystems which represent crucial 

habitats for a tremendous variety of species and 
support complex ecological functions and services 

vital for human wellbeing (Potapov et al. 2008). 

Because of these areas immense size and isolation, 
anthropic disturbances were maintained through 

history at insignificant levels, favouring their untamed 
wilderness (Potapov et al. 2008). However, many 

patches have already been disturbed by human 

induced fragmentation or alteration and these 
changes could also affect the ecological functionality 

of the neighbouring large intact ones. Consequently, 
between 2000 and 2010 primary forests have 

massively declined with a staggering annual rate of 
0.4% (FAO 2010).  

IFL are described as a complex of ecosystems 
encompassed by a geographical forest zone, 

characterized by the lack of identifiable anthropic 
disturbances and an area sufficiently extended and 

connected for supporting all indigenous wildlife 

(Potapov et al. 2008). The notion of IFL is not 
synonymous with primary forest (FAO 2010). Primary 

forests are included by IFLs together with other 
primeval rare or scarce vegetated ecosystems, such 

as grasslands, scrubs, alpine areas or even barren 

rocky areas (Potapov et al. 2017). IFLs are identifiable 
by several spatial characteristics, such as a patch 

surface exceeding 500 km2, a width of at least 10 km 
and the lack of areas which in the last 30 to 70 years 

were highly disturbed by human activities or which 
contain anthropic infrastructures (Potapov et al. 

2008).  

The notion of IFL and the criteria of identification 
were developed by Potapov (2008). Other 

representative global scale researches focused on 



 
 

Modelling intact forest landscapes habitats quality at global scales through the use of landscape ecology methods 

136 

identifying undisturbed natural landscapes dynamics 

under historical anthropic pressure must include 

several earlier studies based on mathematical models 
and high levels of subjective speculations (McCloskey 

& Spalding 1989; Bryant et al. 1997; Sanderson et al. 
2002) and also recent assessments established by 

processing satellite imagery data through the latest 

available spatial methods (Hansen et al. 2013; Heino 
et al. 2015; Potapov et al. 2017).  

Modelling IFL functionality as habitats for different 
species is crucial for understanding the spatial 

distribution of valuable ecological areas for 
supporting biodiversity located under the threat of 

various types of degradations, due to anthropic or 

natural causes. Landscape ecology methods 
represent an important tool that supports a robust 

and useful way of quantifying complex ecological 
aspects regarding IFL through the use of a wide range 

of landscape metrics.  Despite being related with 

ecology (which studies from a systemically 
perspective the connections between the earths 

geospheres), landscape ecology is centred on a 
couple of distinct essential principles: the 

geographical extent of ecological processes, the 
accent on the relation between the natural 

environment and anthropic activities and the 

consideration of landscapes as fundamental study 
units (Botequilha et al. 2006).  

There are a great variety of perspectives over the 
notion of landscape based on the observer’s 

qualification and skills. Common ones include the 

visual elements of the landscape (González Bernáldez 
1981) or the cultural perspective, which defines 

landscapes as a three dimension entity encompassing 
a material, social and emotional reality (Kosian 2008). 

Nevertheless, the most widely used remains the 

perception of landscapes as elements of the land 
surface, encompassing different natural elements 

such as mountains, rivers or woods (Wascher 2000). 
From an ecological perspective a landscape is 

considered a mixture of different land cover types 
capable of taking the form of several distinct 

structural elements such as patches, corridors and 

matrices (Forman & Godron 1986). A patch is 
considered a continuous nonlinear surface 

distinguishable from its neighbourhoods while a 
corridor represents a unitary linear surface that varies 

in composition from the rest of the landscape units. A 

matrix is defined as a continuous area that exceeds 
the rest of the landscape elements in spatial 

extension (Forman 1995).  
Landscapes are evaluated through the use of 

landscape metrics at tree well established stages: 
patch, class and landscape. A class represents a 

multitude of identical type patches while the totality 

of classes composing the study area defines a 
landscape (Botequilha et al. 2006). Landscape 

metrics primary purpose is the understanding of the 

relations between landscape structure and function 

from an ecological relevant perspective (Csorba and 

Szabo 2012). These metrics were precisely developed 
for ecological modeling, being proper for quantifying 

spatial characteristics regarding landscape pattern or 
arrangement (Botequilha et al. 2006). Landscape 

metrics were initially computable just for raster data 

by several software such as Fragstats (McGarigal & 
Marks 1995) and Idrisi’s Patter Module (Eastman 

2003). Recent applications allow their calculation for 
various vector data, notable ones including vLATE 

(Lang and Tiede 2003), Patch Analyst (Rempel 2010) 
or Conefor Sensinode (Saura & Torné 2009).  

Landscape structure is defined as the ratio 

between the repartition of energy, matter, life forms 
and the spatial characteristics of ecosystems. 

Landscape function indicates three wide aspects: 
benefits (such as resource supplying, shelter 

providing or system adjustment), movements (such 

as of energy, matter, animals or humans) and 
processes (such as the production of biological 

material, water filtering or habitat maintenance for 
various species) (Botequilha et al. 2006). Landscape 

structure and function relationships are extremely 
complex and therefore it is difficult to mathematically 

quantify them in a method that express reality in an 

ideal manner. Due to this fact, landscape structure 
indicates only potential landscape ecological or 

functional aspects and obviously not certain ones.  
Landscape patches size and spatial structure 

influences to a certain level their ecological stability 

(Botequilha et al. 2006). For example, highly 
connected and expanded patches containing initial 

ecosystems indicate greater natural diversity and 
therefore higher probability of maintaining quality 

habitats than smaller isolated ones (Dramstad et al. 

1996). In a similar manner, patches size and structure 
dynamics determines the landscape configuration and 

consequently the length of common edge with 
adjacent ones. In landscape ecology, the borderlines 

between landscape patches are named “edge” and 
influence to a large degree their ecological integrity 

(Botequilha et al. 2006). Nevertheless, the patches 

spatial arrangement within the landscape generates 
different physical characteristics which conversely 

cause variable ecological processes or flows. As an 
example, a grassland surrounded by arable land is 

influenced by longer periods of sun radiation which 

consequently generates higher values of temperature 
than one located in the adjacent of a forest (Forman 

& Godron 1986).  
All over the world natural landscapes are facing 

unprecedented changes generated by the exponential 
growth of anthropic activities, being constantly 

transformed into agricultural and artificial landscapes 

(Kim & Weaver 1994). These changes are spatially 
manifested in the form of structural modifications 

such as loss or fragmentation and are usually 
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perceived by natural ecosystems as disturbances 

being the prime vector for triggering severe ecological 

dysfunctions. They represent one of the greatest 
dangers for species habitats at both local and global 

scales (Sorrell 1998).  
Our paper represents one of the first assessments 

of worldwide IFL’s through the use of Landscape 

Ecology metrics. Based on the stated problems, the 
aims of the study are: 

- to asses a comparative analyses of the 
potential ecological functionality of non-

altered IFL patches as optimal habitats for 
edge preferring species based on their spatial 

adjacency to altered IFL patches (by fire and 

non-fire induced causes); 
- to use the same ecological oriented approach 

by evaluating the patches function as efficient 
habitats for interior requiring organisms. 

Method 

The first step of our assessment is represented by 

the delimitation of the study area. For a more 
comprehensive perspective, the study was conducted 

at a global scale. All the IFL patches are located within 

a forest zone (tree canopy density exceeding 20% in 

the year 2000) extended over ten geographical 

regions, therefore resulting in ten geographical forest 
regions: Africa, Australia and Oceania, temperate 

South America, tropical South America, temperate 
North America, boreal North America, temperate 

Eurasia, boreal Eurasia, West Hemisphere Pacific 

Islands and Southeast Asia (Potapov et al. 2008).  For 
our study we used all of the ten geographical forest 

zones except the West Hemisphere Pacific Islands 
which was excluded based on the fact that it lack’s 

IFL.  
The first global IFL database is established on the 

data available for the year 2000, being prepared in 

2005-2006 and updated in 2012. The second global 
IFL database is centred on the 2013 year data and 

was performed in 2014-2015. The two databases are 
based on a common methodology, making in this way 

possible taking track of the IFL patch losses between 

2000 and 2013 and consequently on the ones which 
remain untouched, spatial information which forms 

the third database and also the one used for our 
study, available for free use at www.intactforests.org 

in the format of shape file vector data (Greenpeace 
2017) (figure 1).  

 

 

Fig. 1: Map of the study area, with all of the nine geographical forest regions used for the 

analysis and the IFL dynamics between 2000 and 2012. 

 

An IFL patch loss represents the spatial 
segregation and therefore functional alteration of an 

initial IFL patch. Potapov (2017) determined two 

types of loses, such as forest cutting or replacement 
by artificial areas (which were considered non-fire 

generated and are based on anthropic actions) and 
burned areas distributed in the proximity of 

intensively administrated infrastructures (which were 
considered to be induced by natural fires and 

therefore the assignation of their genesis to anthropic 

intervention is questionable). 
The second step in modelling IFL habitat quality is 

represented by the third database organization into 
two new distinct ones which shall be used for our 
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