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Editorial  
 

 

 

The publication of the European Journal of Geography (EJG) is based on the European 
Association of Geographers’ goal to make European Geography a worldwide reference and 
standard. As a result, the papers published in the EJG, including those on this issue, are 
focused in promoting the significance of geography as a discipline, in resolving global issues 
or applying geography, complementing, of course, the fundamental goals of improving the 
quality of research, learning and teaching of Geography. In other words with the EJG the 
European Association of Geographers provides a forum for geographers worldwide to 
communicate on all aspects of research and applications of geography with a European 
dimension, but not exclusive.  
 
As a result, every issue of the EJG provides a glimpse of the important role Geography can play 
in helping researchers, academics, professionals as well as decision makers and politicians in 
resolving a wide spectrum of problems. In other words, EJG following Geography which 
connects the physical, human and technological sciences is aiming at enhancing teaching, 
research, and of interest to decision makers, problem solving. That is, in every issue of the 
journal a reader can find answers of how aspects of these sciences are interconnected and 
are forming spatial patterns and processes that impact on global issues and thus effecting 
present and future generations.  
 
The goal of the editorial team, which up to now has been achieved to a great extent, is that 
the papers of the EJG by dealing with places, people and cultures, will explore those issues 
ranging from physical, urban and rural environments and their evolution to climate, pollution, 
development and political-economy. Thus, your contributions to the EJG are not only 
desirable, but necessary for Geography and Science as a whole.  
 
                                                                                                                           Kostis C. Koutsopoulos  

                                                          Editor EJG 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

                                                                                                                                                                   5 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
European Journal of Geography, 7:3 
Copyright © European Association of Geographers, 2016 
ISSN 1792-134  



European Journal of Geography Volume 7, Number 3:6 - 25, September 2016 

©Association of European Geographers 

 

European Journal of Geography-ISSN 1792-1341 © All rights reserved                                                                                6       

RANKING THE BUILDINGS OVER A DEVELOPED LARGE GEOGRAPHIC 

AREA ACCORDING TO THEIR EXPOSURE TO THE LANDSLIDE HAZARD. 

Paolino DI FELICE 
University of L'Aquila, Department of Industrial and Information Engineering and Economics, Italy 

paolino.difelice@univaq.it 

Andrea BUFALINO 
University of L'Aquila, Department of Industrial and Information Engineering and Economics, Italy 

 

Eugenio CAROCCI 
University of L'Aquila, Department of Industrial and Information Engineering and Economic, Italy 

 

Lorenzo DI GIUSEPPE 
University of L'Aquila, Department of Industrial and Information Engineering and Economics, Italy 

 

Matteo GENTILE 
University of L'Aquila, Department of Industrial and Information Engineering and Economics, Italy 

 

Alessandro RANALLI 
University of L'Aquila, Department of Industrial and Information Engineering and Economics, Italy 

 

Andrea SALINI 
 University of L'Aquila, Department of Industrial and Information Engineering and Economics, Italy 

 

Abstract 

In this paper, we focus on public buildings. They represent a relevant category of elements 

because of their intrinsic economic value and because their damage may cause human 

casualties as well. If the survey covers developed, large geographic areas, the number of 

buildings potentially at risk exposed is very high. Such numbers make the use of the 

available methods of building risk assessment highly time-consuming and, hence, 

inapplicable in the reality. To mitigate such an issue, we introduce a method that takes as 

input all the buildings standing over the study area and outputs a ranking about them 

according to their degree of exposure to the landslide hazard. The practitioners in mitigation 

can extract from the ranking the top-N buildings to look at. Then, they need to carry out the 

detailed risk assessment only for the buildings on the short list. This way the overall 

processing time required for the computation of the vulnerability, and hence of the risk, is 

reduced dramatically. The ranking method has been tested to assess the exposure to the 

landslide hazard of the buildings hosting public schools in the Abruzzo Region (center of 

Italy), a large area (11,000 km2) with 1,330,000 inhabitants. The results obtained from the 

case study show that the top-N buildings to look at are a very small fraction of the total 

number of buildings in the region. 

 
Keywords: Landslide, Hazard, Element at risk, Building ranking, Geographical database, GIS. 
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1. PRELIMINARY CONSIDERATIONS 

Landslides constitute one of the most important natural hazards in many countries all over the 

world, (Brabb and Harrod, 1989). This is the case of Italy where landslides are widespread 

and result in considerable damage and fatalities every year, (Guzzetti, Stark, and Salvati, 

2005), (Trigila et al., 2010). According to the outcome of a very recent study carried out by 

Jaedicke et al. (2014), "Italy has the highest number of people exposed to landslide hazard 

among the European countries." 

Landslides, as a natural process, present no threat to themselves. For this to happen there 

must be an interaction with the so-called elements at risk, namely, humans and infrastructures 

(e.g. buildings, roads, railways, etc.). The evaluation of the side effects (casualties and/or loss 

of assets) of landslide, as a consequence of a natural trigger (a trigger can be the effect of 

precipitation, snow melt, seismic activity or human activities such as excavation), is usually 

called risk assessment (Jaedicke et al., 2014). In mathematical terms, the risk may be defined 

as in (Varnes et al, 1984):  
risk = Hazard x Elements at risk x Vulnerability 

where vulnerability is the degree of loss of an element at risk. It is expressed on a scale from 

0 (no damage) to 1 (total loss). 

There are many publications about landslide risk assessment (e.g. Jaedicke et al., 2014; 

Erener and Düzgün, 2013; Varazanashvili et al., 2012; Dai et al., 2002) and vulnerability (e.g. 

Fuchs et al. 2012; Fuchs et al. 2011; Galli and Guzzetti, 2007); while less attention has been 

devoted to the issue of making available to the community a method for ranking the elements 

at risk exposed over a developed, large geographic area. Often, surrogates of the actual 

elements inside a landslide exposed area are used. For instance, Varazanashvili et al. (2012) 

adopt the Gross Domestic Product (applied to population) as an indicator of the elements at 

risk for a study at the national level (the Republic of Georgia), while Jaedicke et al. (2014) 

consider the total number of people living in landslide exposed areas within Europe. 

In this paper, we focus on public buildings. They are a relevant category of elements 

exposed to the landslide hazard because of their intrinsic economic value and because their 

damage may cause human casualties as well. With respect to buildings, the approach mainly 

adopted so far has been to restrict the geographic area of interest to a few dozens of square 

kilometers up to some hundreds. For instance, the territory taken into account in (Galli and 

Guzzetti, 2007) extends for about 80 km2 (the Collazzone area, Umbria, Italy), while in 

(Erener and Düzgün, 2013) authors refer to an area of about 330km2 (the Kumluca watershed, 

northern Turkey). 

If the survey covers developed, large geographic areas (for instance Jaediche et al., 2014, 

"perform a first-pass analysis of landslide hazard at the European scale"), the number of 

buildings potentially involved is very high. For example, in Italy there are 72,355 schools 

located in 43,643 distinct buildings, while the total number of public buildings is much 

bigger. Such numbers make the use of the available methods of building risk assessment 

highly time-consuming and, hence, inapplicable in the reality. To mitigate such an issue, we 

introduce a method that takes as input all the buildings standing over a developed, large 

territory and outputs a ranking about them according to their degree of exposure to the 

landslide hazard. The exposure we refer to in the paper is called "spatial" exposure in 

(SafeLand, 2011). We compute the (spatial) buildings' exposure with a formula that takes into 

account the landslides "close" to them and their "size". 

Once the appropriate ranking is provided, the officials and practitioners in mitigation can 

have a short list of targets for them to look at (namely, the top-N buildings with a value of the 

exposure above a given threshold). Then, they need to carry out the detailed risk assessment 

only for the buildings on the short list. This way the overall processing time required for the 
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computation of the vulnerability, and hence of the risk, is reduced dramatically. The most 

severe cause that dilates the time needed for estimates concerns the gathering of the input 

data necessary to calculate the building vulnerability (namely: age, number of floors, 

footprint area, state of preservation, materials, etc). Moreover, in the literature it is widely 

reported that the available datasets at the regional and state level are often not up to date, 

neither complete, e.g. (Mazzorana et al., 2014), (Erener and Düzgün, 2013), (Varazanashvili 

et al., 2012). 

The ranking method has been tested to assess the exposure to the landslide hazard of the 

buildings hosting public schools in the Abruzzo Region (center of Italy), a large area (11,000 

km2) with 1,330,000 inhabitants. The results obtained from the case study show that the top-

N targets to take care of are a very small fraction of the total number of buildings exposed to 

the landslide hazard. 

The ranking problem has its origins in the domain of Information Retrieval. While 

methods to rank buildings have been proposed in recent years. Methods to build fire risk 

ranking of buildings, for instance, have already appeared in the literature, e.g. (Liu et al., 

2009). Another scheme for ranking buildings in a given geographic area according to their 

environmental performances may be found in (Peri and Rizzo, 2012). As far as we know, 

methods for ranking the buildings present over a developed, large territory, according to the 

degree of exposure to the landslide hazard, have not been proposed yet. 

The remainder of the paper is structured as follows: Section 2 introduces the basic 

notations used throughout the paper and it presents the method to tag each building with a 

value of the exposure to the landslide hazard and a high-level algorithm that implements. It 

reports about the case study we carried out to test the proposed method and it gives an 

overview of the Geographical DataBase (Geo-DB in the following) used to implement the 

theory and collects the results of the experiments. Section 3 reports the results of those 

experiments and discusses them. Conclusions and further work are outlined in Section 4. 

 

2. MATERIALS AND METHODS 

2.1. Notations 

Hereafter we use the following notations: 

GeoArea is a portion of land globally affected by a hazard caused, for example, by a 

prolonged and heavy period of rainfall. GeoArea may coincide with a municipality, a 

province, a region, a country or an entire continent (a recent example of a study about 

the landslide hazard at the European scale may be found in Jaedicke et al., 2014). 

GeoArea is defined by the pair <description, geometry of its boundary>, where 

description is a string; 

DZ = {zk (k=1, 2, …) | zk is a danger zone}. The elements in DZ make a full partition of 

GeoArea. In other words, knowing set DZ for a given area is equivalent to have built a 

map like that prepared by Guzzetti et al., (2006) for the Collazzone area (central 

Umbria, Italy). According to the existing literature, e.g. (Guzzetti et al., 2006) and (Fell 

et al., 2008)), by danger zone we mean a portion of land characterized by a set of 

ground conditions. Brabb (1984) introduced the term susceptibility to denote the 

propensity of an area to generate landslides. The generic element of DZ (i.e., zk) is 

defined by the tuple <ID, Szk, boundary, area>, being ID an identifying code. Szk is a 

numerical value that quantifies the (spatial) probability that zk produces landslides. 

Assessing and mapping landslide susceptibility has been a relevant issue, e.g. (Magliulo 

et al., 2009). The meaning of boundary and area is obvious. Card (DZ) denotes the 

cardinality of the set DZ, i.e., the number of elements in the set; 
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B = {bi (i=1, 2, ...) | bi denotes a building whose boundary is contained in the boundary of 

GeoArea}. We do not care about either the height or the number of floors of bi. Its 

outline on the ground is certainly interesting, but experience teaches that this data is 

rarely available, while the geographic position, expressed by a pair of coordinates, is 

often known. Exp_bi is a positive numeric value denoting the degree of (spatial) 

exposure of bi to the landslide hazard caused by all the zk in DZ; while Exp_bi,k denotes 

the degree of exposure of bi to the hazard caused by zone zk. Each building in B is 

defined by the tuple <ID, description, position, Exp_bi>, being ID an identifying code. 

Card (B) denotes the cardinality of set B; 

DZi = {zk | zk ∈ DZ and (boundary of zk ⋂ buffer of radius ρ centered on bi) ≠ Ø}. ρ denotes 

the distance from building bi beyond which danger zones do not contribute significantly 

to increasing the value of Exp_bi. This conjecture is inspired by the Tobler’s first law of 

geography (Tobler, 1970): “Everything is related to everything else, but near things are 

more related than distant things.” Card (DZi) denotes the cardinaliy of set DZi. 

Figure 1 depicts the previous definitions. 

 

Figure 1. A scene about a GeoArea (the rectangle), buildings and danger zones. B={b1, ..., b8}, DZ={z1, ..., z4}, 

DZ6={z4} and DZ8={z1, z3}. Buildings are depicted by their centroid (the small circle). 

2.2. The method 

Our method takes as input the sets B and DZ and outputs a ranking about the buildings in the 

GeoArea, according to their degree of exposure to the landslide hazard. The value of Exp_bi 

is determined by three factors: the distance of building bi from the neighbouring danger 

zones, the "size" of those zones, and the spatial probability (Szk) that they produce a 

landslide. Hereafter, we discuss the role of these three factors and introduce the equations to 

compute the ranking. 

 

2.2.1 The role of the distance 

The method we are going to introduce for the computation of the value of Exp_bi is based on 

the conjecture that only the danger zones that are close to building bi might pose a threat to its 

safety. Let us examine the implications of this conjecture with respect to the scene of Figure 

2, which shows a generic building (bi), the boundary of danger zones close to it and the 

distance of those zones from the building. The implications are listed hereafter: a) Exp_bi,3 = 

Exp_bi,7 being d3 = d7 and the size of z3 is equal to the size of z7 (i.e., two zones of the same 

size, located at the same distance from a building induce on it the same degree of exposure to 

the landslide hazard); b) Exp_bi,5 > Exp_bi,1 being d5 < d1 and the size of z5 is equal to the size 

of z1 (i.e., two zones of the same size, located at different distances from a building induce on 

it a degree of exposure to the landslide hazard decreasing with the distance); c) danger zones 
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far away from a building do not represent an hazard for it. To conclude, and again referring to 

the scene of Figure 2, it is correct that the computation method assigns the maximum weight 

to zone z6 because it contains bi and decreasing weights to the zones z4, z3, z7, z5, z2, and z1. 

 

 
Figure 2. A building (bi) and the surrounding danger zones (z1, z2, z3, z4, z5, z6, and z7). 

About the choice of the decay law, we can say that in our study this is not a critical issue 

because the goal of the proposed method is to draw up a ranking about the buildings from 

which the officials and practitioners in mitigation can identify the top-N buildings to take 

care of. Vice versa, the absolute value of the exposure of the buildings is negligible. The 

basic requirement to be satisfied is that the chosen law must ensure that the value of the 

exposure (i.e., Exp_bi,k) tends to zero rapidly as the distance between the building and the 

danger zone increases. Among the available alternatives, we took into account the cube law. 

A cue that suggests not to go beyond the cubic law comes from the context of the evaluation 

of the spatial rainfall distribution using the inverse distance weighting method, e.g. (Di Felice 

et al., 2014). 

Eq.1 and Eq.2 allow the computation of the exposure of building bi: 
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where:  

– n is equal to card(DZi); 

– p = 3;  

– d0 is the radius of the circle centered on the centroid of building bi, the circle that 

approximates the area of bi. In the literature very often the centroid of a geometric entity 

is adopted as an abstraction of the whole object, e.g. (Di Felice, 2015) and (Photis, 

2012). The need of introducing a buffer stems from the awareness that is too coarse 

approximate a school building with its centroid; 

– d denotes the minimum distance between bi and the boundary of zone zk. The spatial 

relationship between bi and a generic zk is one of the three shown in Figure 3; namely: (i) 

the centroid of bi falls inside the boundary of zk; (ii) the buffer of radius d0 centered on bi 

intersects the boundary of zk; (iii) zk is at minimum distance d > d0 from zk; 
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Figure 3. The three realizable spatial relationships between a building (bi) and a zone (zk). 

The term (d0 /d) of Eq.2 plays two roles: 

a) it ensures continuity of the values of parameter Exp_bi,k. In fact, if the danger zone zk is 

located at a distance d=d0 from the centroid of building bi, then Exp_bi,k = Szk x Size; 

b) it represents the decay factor of the value of term Exp_bi,k as the minimum distance 

between the centroid of bi and zk increases. The value of p determines the rate of decay of 

term (d0 /d) and, hence, the weight of the contribution given by the danger zone zk to the 

value of the exposure. 
 

2.2.2 The role of the size of the danger zones  

In Eq.2 the factor Size takes into account the area of zk. In this way the intelligence of the 

method that computes the value of the exposure increases, as explained below. Let us refer to 

the three scenes of Figure 4 under the double assumption that d1=d2=d3 and Sz1=Sz2=Sz3. If 

factor Size is removed from Eq.2, then such an equation can not distinguish numerically those 

three scenes anymore (in fact, it would returns Exp_bi,1 = Exp_bj,2 = Exp_bk,3), as it, vice 

versa, does (in fact, it returns Exp_bi,1 < Exp_bj,2 < Exp_bk,3).  

 

 
Figure 4. Three scenes, each involving a building and a danger zone. By hypothesis, in the three cases the 

distance building-zone is constant, Sz1=Sz2=Sz3, while Size1< Size2<Size3. 

By taking into account the size of the danger zones, it is possible, moreover, to model in a 

proper manner the two configurations shown in Figure 5. They involve two different 

buildings (bi and bj) with only one zone (z1) in the vicinity, in the scene to the left, and three 

danger zones (z2, z3, and z4), in the scene to the right. In formulas, the two scenes are 

described by the following analytical conditions (where i = 2, 3, 4): 

 area of z1 >> area of zi;  

 d1= di; (i.e., the value of the minimum distances is the same in the four cases); 

 Sz1 = Szi (i.e., the four zones have the same probability to produce landslides). 
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+  
Figure 5. Two scenes involving two different buildings and a different number of danger zones in the 

surrounding. By hypothesis, in the two cases the zones have the same value of Szk, but very different area. 

By applying Eq.2 (without the term Size) to the two scenes of Figure 5, it follows that: 

 

ij b_Expb_Exp  3 . This result is not satisfactory, vice versa, what we should expect is that 

Exp_bi > Exp_bj, because area of z1 > (area of z2) + (area of z3) + (area of z4).  

 

In fact, in the event of a movement of the four landslide zones of Figure 6, the amount of 

debris that could invest the two buildings is greater in the former case than in the second one. 

Obviously, this statement is correct if the direction of motion of the debris of the four zones is 

the same and it is against the two buildings. In summary, the Size term ensures that things go 

as we understand intuitively they should go. 

Eq.3 defines the Size term for a generic danger zone. The value of Size is close to zero for 

very small danger zones, while it is greater than 1 for all zones with the area above the value 

of the average area. Size reaches high values for very large zones. 

 

SZin  zones of areas  the of  values theof average the

 of area k

all

z
Size                                     (3) 

The idea of giving a significant weight to large areas is based on field studies. For instance, 

Galli and Guzzetti (2007), in a study with regard to the Umbria region, central Italy, conclude 

that the area of the landslides affecting buildings is widely variable (they report values that 

range from 258m2 to 165,237m2). Moreover, they found that landslides smaller than 2,000m2 

resulted in aesthetic to functional damage of buildings, whereas landslides larger than 

10,000m2 produced functional to structural or total damage of buildings. More specifically, 

they found that landslides whose area is around 160,000m2 always produce total damage of 

buildings. 

In conclusion, Eq.2 formalizes the guess that the top positions in the ranking to be returned 

have to concern the buildings located inside danger zones of a big area. In fact, when such a 

double circumstance comes true, Eq.2 simplifies to kki, SzSizeb_Exp  ; that is, exponent p no 

longer plays a role since the distance between the building and zk is zero, while the terms Szk 

and Size determine the value of Exp_bi,k. About the zones close to bi, the threat that they 

might pose to bi diminishes rapidly with the distance (see Eq.2).  

 

2.3 An algorithm that computes the building exposure 

Algorithm ComputeBuildingExposure implements Eq.1, Eq.2 and Eq.3. 

Algorithm ComputeBuildingExposure 

INPUT:  
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bi; DZi; d0; p; avgArea; 

OUTPUT: 

Exp_bi 

METHOD: 

Exp_bi ← 0; 

FOREACH zk in DZi 

Exp_bi,k ← (area of zk / avgArea) x Szk; 

IF (bi is not contained in zk) THEN 

 distance ← minimum distance between bi and zk; 

 Exp_bi,k ← Exp_bi,k x (d0 / distance)p; 

ENDIF;  

Exp_bi ← Exp_bi + Exp_bi,k; 

RETURN Exp_bi;  

 

avgArea denotes the value of the average area among all the danger zones in DZ. The 

complexity of algorithm ComputeBuildingExposure is O (card (DZi)), under the assumption 

that the computation of the distance between bi and zk costs O (1) and O (1) is also the cost of 

assessing whether bi is contained in zk. To build the global ranking, it is necessary to repeat 

the execution of algorithm ComputeBuildingExposure for all the buildings in GeoArea; 
hence, the overall cost is O (card (B) x card (DZi)). Moreover, O (card (DZ)) is the cost of 

the pre-computation devoted to calculating the value of avgArea. 

 

2.4. The case study 

2.4.1 Input datasets 

GeoArea 

GeoArea coincides with the boundary of the Abruzzo region (Figure 6). An area of about 

11,000 km2, structured as four provinces, 305 municipalities and a population of about 

1,330,000. We downloaded the shapefile about Abruzzo from the ISTAT website 

(http://www.istat.it/it/archivio/124086). 

 
Figure 6. The GeoArea of the case study. 

Set B 

It concerns a category of public buildings of particular social interest: the school buildings 

of the Abruzzo region. We downloaded the dataset (in the shapefile format) about the Italian 

primary and secondary schools from the website of the National Geoportal of Italy 

(http://www.pcn.minambiente.it/GN/). The dataset consists of 72,355 records of which 1,919 

relate to schools that fall in the Abruzzo region. Those 1,919 schools are located inside 1,140 

distinct buildings. The geographic position of each building is expressed by a pair of 

coordinates. 
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Set DZ 

For the Abruzzo region, it is not available a dataset with the characteristics of set DZ. 

What we have found was a shapefile about the landslide inventory of the region (a landslide 

inventory is a detailed register of the distribution and characteristics of past landslides; 

Hervás, 2013. Landslide inventories are often used by scholars. For instance, Mandal (2013) 

used landslide inventory statistics to investigate the relationship between rainfall and landslip 

events.). The limit of this dataset is that it does not achieve a complete partition of the region. 

This (real) dataset coincides with the "theoretical one" by setting Szk = 0 for the portions of 

land not surveyed. 

Within the landslide inventory, landslides are classified according to the type of 

movement, the estimated age, the state of activity, the depth of failure surface, and the 

velocity. The categories of landslides making part of the inventory are fall/topple, 

rotational/transational slide, slow eart flow, rapid debris flow, sinkhole, complex landslide. 

Moreover, landslides are classified as active, quiescent/dormant, and inactive. 

The elements contained in the Abruzzo landslide inventory are grouped into three 

susceptibility classes called S1 (low susceptibility), S2 (high susceptibility), and S3 (very high 

susceptibility). This is in line with the following statement taken from (Fell, et al., 2008): "It 

should be recognized that the study area may be susceptible to more than one type of 

landslide and may have a different degree of susceptibility for each of these." Overall, the 

inventory is composed of 4,425 elements in S1, 8,886 elements in S2 and 3,959 elements in 

S3. With few exceptions, it can be said the following: S3 includes active landslides, quiescent 

landslides are in S2, while inactive landslides are in S1. All the areas about badlands are part 

of class S3. Figure 7 shows a map that overlays the three datasets about the Abruzzo landslide 

inventory. 

 
Figure 7. A (QGIS) map about the danger zones part of the Abruzzo landslide inventory. Red polygons are S3 

zones, orange polygons are S2 zones, green polygons are S1 zones. 

The area of the landslides in DZ ranges from 161 m2 to 9,847,888 m2. The average area 

measures 93,887 m2. 

Values of the parameters used in the experiments 

The ground position of the elements in B is described by a point denoting their centroid, 

while the real extension of the school buildings is unknown. About the average size of school 

buildings, it was decided to put d0=50m following feedback from the field.  

As just said, the case study partitions the set of danger zones DZ into three classes each 

characterized by a single value for Szk for all the zk belonging to it. This is a simplification of 

the general case (Sec.2.1), which does not exclude that each zk has a specific value for Szk. In 

order to carry out the experiments, we have associated to the zones in the aforementioned 
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three classes the values 25, 50 and 100, respectively. Obiously those values may be changed, 

but the following constraint must be fulfilled: the value of Szk must be positive (remember 

that it expresses a probability value) and such that Szk (class S1) < Szk (class S2) < Szk (class 

S3). 
 
2.5. The Geographical DataBase  

 

We implemented a PostgreSQL/PostGIS Geo-DB to code the ComputeBuildingExposure 

algorithm (i.e., Eq.1, Eq.2, and Eq.3), and also to store the records of the input shapefiles and 

the results of the experiments to be carried out. The relevance of Geo-DBs as a useful tool for 

the management of the hydrological hazard is well-known in the literature, see for instance 

(Blahut, et al., 2012), (Rawat et al., 2012).  

Algorithm ComputeBuildingExposure has been implemented as User Defined Functions 

(UDFs) in the PL/pgSQL language, making use of PostGIS's functionality. Consequently, all 

the experiments were carried out by running SQL queries against the database. Di Felice et 

al. (2014) emphasize the utility and effectiveness of UDFs on top of a Geo-DB. 

 

 

 

 
Figure 8. A graphical representation of the Geo-DB. 

Figure 8 shows the structure of the Geo-DB. Tables geoarea, building, zone_1, 

zone_2, and zone_3 store data about sets GeoArea, B, and DZ, respectively (Sec.2.1). 

Table school stores data about the Abruzzo's schools and the identifier of the building they 

are contained in. Table parameter stores different values of  (attribute radius) and p. 

Table experiment collects the results of the experiments to be carried out. In detail, the 

attributes exposure_S1, exposure_S2, and exposure_S3 store the value of parameter 

Exp_bi (Eq.1) determined by the danger zones of classes S1, S2 and S3, respectively, for a 

specific building (id_building), for a particular value of the radius (id_parameter), 
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and for a value of exponent p. Tables exp_z1, exp_z2 and exp_z3 link a building 

(id_building) to the neraby danger zones (set DZi, Sec.2.1). 

 

3. RESULTS AND DISCUSSION 

By making use of the implemented Geo-DB and the UDFs coded on top of it, it was possible 

to carry out a high number of experiments, by varying  (500m, 1,000m, 10,000m). This 

section collects the results of the experiments and comments on them. 

Table 1 assembles the top-20 values of the exposure for  equal to 500m, 1,000m and 

10,000m. As can be seen, the ranking positions of the buildings in the study area remain 

unchanged, so it can be stated that the proposed method is stable. As said in Sec.2.2, the 

danger zones far away from a building do not induce any potential danger on it. The reason 

why we tested =10,000m was to give an experimental proof that the filter implemented by 

Eq.2 produces that expected effect. 
 

 

 

Table 1. The ranking of the top-20 buildings in the study area for =500m, =1,000m, =10,000m. 

  

500m 1,000m 10,000m 

bi  Exp_bi Exp_bi Exp_bi 

680 5,322 5,322 5,322 

851 3,302 3,302 3,302 

393 2,497 2,497 2,497 

26 2,320 2,320 2,320 

685 1,352 1,352 1,352 

684 1,349 1,349 1,349 

834 1,311 1,311 1,311 

833 1,306 1,306 1,306 

395 983 983 983 

576 822 822 822 

364 782 782 782 

25 593 593 593 

1,080 497 497 497 

438 486 486 486 

194 468 468 468 

819 466 466 466 

215 462 462 462 

5 437 437 437 

8 433 433 433 

686 382 382 382 

 

Table 2 groups in eight intervals the exposure value of the 1,140 buildings in the study 

area. The second and third column show, in order, the total number and the percentage value 

of the buildings whose value of the ranking falls into the correspondent range. 

 
Table 2. Grouping of the values of the exposure for the buildings in the study area. [a, b) denotes that value a 

belongs to the interval, while value b does not. 

Exp_bi # bi % 
Level of exposure  

to the landslide risk 

>5,000 1 0.09  

High 



European Journal of Geography Volume 7, Number 3:6 - 25, September 2016 

©Association of European Geographers 

 

European Journal of Geography-ISSN 1792-1341 © All rights reserved                                                                                17       

[4,000..5,000] 0 0 

[3,000.. 4,000) 1 0.09 

[2,000.. 3,000) 2 0.18 

[1,000.. 2,000) 4 0.44 

[100.. 1,000) 56 4.9 Moderate 

[1..100) 334 29.3 Low 

<1 742 65.1 Null 

 

Last column of Table 2 groups the values of the exposure into four ranges: High, 

Moderate, Low, and Null. Those "labels" provide a qualitative classification of the level of 

building exposure to the landslide risk useful for officials and practitioners in mitigation to 

identify the buildings on which to carry out precautionary on-site checks and, if necessary, to 

set up a plan of actions devoted to the protection/evacuation of the buildings in response to 

situations of weather emergency The four ranges were identified after a careful examination 

of the results of the experiments. The reasons behind such a classification are explained 

afterwards. 
Table 1 shows that the first four buildings in the ranking have a value of the exposure 

much greater than the next ones. Let us now investigate what determines such high values of 

the exposure for those buildings. 
 

 

Table 3. The values of the exposure for the top-4 buildings of Table 1 (=1,000m). Exp_bi_S1 denotes the value 

of the exposure of building bi due to the zones of class S1. The meaning of Exp_bi_S2 and Exp_bi_S3 is 

analogous. 

bi Exp_bi_S1 Exp_bi_S2 Exp_bi_S3 Exp_bi 

680 293 1 5,028 5,322 

851 0 0 3,302 3,302 

393 0 0 2,497 2,497 

26 0 2,320 0 2,320 

 

Table 3 shows that the total value of the exposure for building 680 is determined almost 

entirely by the value of the exposure ascribable to the danger zones of class S3 (5,028). 

Figure 9 helps to give an explanation to those numbers. 
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Figure 9. Building 680 and the nearby danger zones in S3 (a), in S2 (b) and in S1 (c). Map (d) shows the global 

scene. 

The four maps show building 680 with around, in order, the zones of the class S3 (Figure 

9a), of class S2 (Figure 9b) and of class S1 (Figure 9c), while Figure 9d shows the overall 

scene. Figure 9a shows that building 680 is located inside a zone of the class S3. Being d=0, 

from Eq.2 it follows that Exp_bi=SizexSzk. The high value of the exposure is determined by 

the considerable area of the danger zone (about 4,700,000m2; remember that 93,887m2 is the 

average area of all the zones in DZ) which gives rise to Size=50.28, while Szk=100. 

According to the finding of Galli and Guzzetti (2007), that is that: "landslides whose area is 

around 160,000m2 always produce total damage of buildings", it follows that it is appropriate 

to attribute a relevant weight to the exposure determined by the danger zone of Figure 9a, 

whose area is about 30 times higher than such a value. This finding, derived from the case 

study, is an indirect assessment of the effectiveness of Eq.3. Note that the two small zones 

that appear in the right side of Figure 9a do not take part in the calculation of the exposure 

since they are at about 2,000m from building 680. Analogous considerations extend to the 

value of the exposure determined by the zones of class S1 (Figure 9c) that, as can be seen 

from Table 3, remains constant (293). Vice versa, in the case of the zones of class S2 (Figure 

9b), the value of the exposure cuts down. Similar remarks can be repeated for buildings 851, 

393 and 26. 
Afterwards, we discuss what determines the high values of the next four buildings (685, 

684, 834 and 833) falling into the High range. 

 
Table 4. The values of the exposure for the buildings in the positions five to eigth of Table 1 (=1,000m). 

bi Exp_bi_S1 Exp_bi_S2 Exp_bi_S3 Exp_bi 

685 0 5 1,347 1,352 

684 0 2 1,347 1,349 

834 0 1,305 6 1,311 

833 0 1,303 3 1,306 
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Let us take into account buildings 685 and 684 together because they are distant one from 

the other just 156m. The (total) value of the exposure for both those buildings (Table 4) is 

determined by the term Exp_bi_S3 ascribable to the danger zone that contains both them and, 

only marginally, by the smaller danger zone that is far away from them of about 500m 

(Figure 10a). For the former zone, Size=13.47 while Szk=100. Three danger zones of class S2 

(Figure 10d) provide a contribution to the value of the exposure, but it is negligible because 

they are at a distance of 311m, 223m and 522m from the two school buildings. 

 

 
Figure 10. Buildings 685 and 684 and the zones close to them. 

 

For buildings 834 and 833, too, it is possible to make a joint discussion since they are at 

70m one from the other. Figure 11 shows these buildings and the danger zones close to them. 

The main contribution to their total value of the exposure comes from danger zones of class 

S2 (Table 4). Exp_bi_S2 is high because the two buildings fall into a danger zone (Figure 

11b) of extended area (Figure 11d), 2,400000m2, which gives rise to Size=25.56. The zone 

that contains the two buildings provides a contribution to the exposure equal to 1,278, plus a 

modest contribution from the other zones of the same class that are very close to the two 

buildings. It is interesting to remark that although there is a danger zone of class S3 just 325m 

from building 834 and 400m from building 833 (Figure 11a), it provides a negligible 

contribution to the total value of the exposure (6 and 3, in order). This follows from the sharp 

rate of decay of the value of function Exp_bi,k determined by the high value of the exponent 

(p=3). 

In summary, the analysis carried out on the eight buildings belonging to the range High 

showed that for them the high value of the exposure is determined from being contained in a 

danger zone either of class S3 or S2, of extension much higher than the value (1.6x105m2) 

indicated by Galli & Guzzetti (2007) as destructive. It follows that these eight buildings 

should be kept under constant control. 
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Figure 11. Buildings 833 and 834 and the neighbouring zones. 

Now, we analyze the range [100…1000). 56 buildings belong to this group, accounting for 

4.9% of the totality of the buildings involved in our study. Table 5 lists them all. Each line of 

this table shows, for a given building, the number of the danger zones of classes S1, S2 and 

S3 that are at a distance less than 1,000m from it. 

The examination of the contents of Table 5, followed by feedback (via QGIS) of the 

geography of the territory, has allowed us to say that the ranking for the aforementioned 56 

buildings is determined because one of the following situations comes true:  

 

a) bi is contained in a danger zone of class S1 having a big Size, while the contribution to 

the value of Exp_bi adduced by the zones of classes S2 and S3 is negligible. This is the 

case of building 679. It is contained in a zone of Size=11.72 (Figure 12a) that 

corresponds to a relevant area (1.1x106m2). However, the value of Exp_bi_S1 is low 

(293) due to the small value of Szk (25); 

b) bi is contained in a danger zone of class S2 having a big Size, while the contribution to 

the value of Exp_bi adduced by the zones of classes S1 and S3 is negligible. This is the 

case of building 576 (Figure 12b). It is contained in a zone of Size=16 that corresponds to 

a very relevant area (4.7x106m2). The value of Exp_bi_S2 is equal to 800 (remember that 

for the danger zones of class S2, Szk=50); 

c) bi is not contained in any danger zone of the three classes, but it is "nearly in touch" with 

the boundary of a zone of class S3 having big Size. Moreover, the contribution adduced 

by the zones of the classes S1 and S2 is negligible. This is the case of building 364 

(Figure 12c);  

d) bi is not contained in any danger zone of the classes S1, S2, or S3, but there are many 

danger zones very close to it belonging to one o more of those three classes. This is the 

case, for instance, of building 25 (Figure 12d), as well as of buildings 438, 215, 195, 20, 

1,098, 699, 216, 289, 51, etc. 

 
Table 5. The ranking of the buildings in the range [100..1000). #S1 (#S2, #S3) denotes the number of zk of class 

S1 (S2, S3) at distance less than 1,000m from bi. 

Ranking bi #S1 Exp_bi_S1 #S2 Exp_bi_S2 #S2 Exp_bi_S3 Exp_bi 
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9 395 0 0 7 1 2 982 983 

10 576 2 0 15 822 0 0 822 

11 364 1 0 0 0 1 782 782 

12 25 0 0 7 593 1 0 593 

13 1,080 3 0 4 0 6 497 497 

14 438 1 0 3 485 1 1 486 

15 194 1 0 4 0 6 468 468 

16 819 5 2 7 3 1 461 466 

17 215 1 0 8 1 3 461 462 

18 5 5 6 13 1 1 430 437 

19 8 6 2 11 0 1 430 433 

20 686 1 0 4 9 1 373 382 

21 195 1 0 5 0 6 369 369 

22 865 0 0 10 0 1 353 353 

23 20 1 0 11 2 6 323 324 

24 1,098 3 0 7 0 5 311 311 

25 699 1 0 14 0 6 301 301 

26 679 1 293 2 0 1 5 298 

27 216 1 0 8 0 3 270 270 

28 289 10 0 10 249 5 0 250 

29 51 4 0 11 245 6 0 246 

30 461 1 0 6 1 8 239 240 

31 134 0 0 12 230 4 0 230 

32 23 1 0 6 5 4 216 221 

33 435 1 0 5 1 12 219 220 

34 133 0 0 10 191 7 0 191 

35 167 1 0 7 0 9 188 188 

36 266 12 2 17 27 20 156 185 

37 114 5 0 7 183 3 0 183 

38 168 1 0 7 0 10 182 182 

39 303 0 0 16 174 2 0 174 

40 1,126 2 0 1 0 6 171 172 

41 1,037 3 0 10 171 6 0 171 

42 801 3 165 2 0 2 0 165 

43 1,082 3 0 11 7 7 156 162 

44 110 1 0 12 0 10 161 162 

45 107 0 0 6 9 1 147 157 

46 288 9 0 8 153 7 2 155 

47 6 6 21 12 0 1 123 145 

48 153 1 0 11 11 8 132 143 

49 1,135 3 0 5 1 5 141 142 

50 939 0 0 7 7 1 131 138 

51 302 2 0 7 0 4 133 133 

52 152 1 0 10 1 8 132 132 

53 206 3 0 11 6 5 120 126 

54 407 2 0 8 115 8 11 126 

55 165 6 1 2 120 4 5 125 

56 324 2 0 11 117 0 0 117 

57 938 0 0 7 4 1 109 114 

58 695 4 3 14 1 5 105 109 

59 444 4 0 10 105 1 0 105 

60 39 1 0 8 11 21 94 105 

61 845 0 0 0 0 1 103 103 

62 176 3 0 12 98 3 5 103 

63 124 3 0 11 6 4 96 103 

64 211 3 0 12 3 10 98 101 
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Figure 12. Some buildings in the range Moderate of Table 2 and the zones surrounding them. 

 

About the buildings with exposure in the range [1…100) (94.4% of the total, i.e., 1,076 

buildings), we observed the following. None of them falls into some danger zone of the 

classes S1, S2 or S3; moreover, in the cases where the buildings are next to some danger zone 

these latter have Size very low, vice versa if it happens that Size is not very low, then the 

danger zone nearest to the building is at a distance of several hundred meters from it. The 

conclusion is that the buildings belonging to the Low range (Table 2) are not in a remarkable 

danger, therefore for them is not required an on-site inspection.  

The potential hazard fades entirely for buildings with exposure less than 1. They, too, can 

be ignored. 

 

3.1 Notes of caution 

The ranking returned by the proposed method is affected by the completeness and the quality 

of the data about the danger zones. Completeness and quality of the input data are critical 

issues reported in almost all studies of the sector, e.g. (SafeLand, 2011), (Blahut et al., 2012), 

(Varazanashvili et al., 2012), (Erener and Düzgün, 2013). 

Downstream of the acquisition of the ranking returned by our method, it will be necessary 

to carry out on-site inspections for the buildings in the Moderate range that do not fall in 

danger zones of either classes S3 or S2. This because the method may return false positives 

due to the fact that it, in its current version, does not take into account the terrain elevation. 

Our method is simple and this increases the need to validate it. In order to carry out such a 

task it is necessary to have a landslide dataset repository about the Abruzzo region, as that 

prepared, for example, by (Salvati et al., 2009). Their catalogue lists information about 224 

sites inside the Umbria region (central Italy) where buildings and other structures were 

damaged by landslides. Unfortunately, for the Abruzzo region such a dataset is not available 

(Trigila et al., 2010).  

 

4. CONCLUSIONS AND FUTURE WORK 
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We have proposed a simple method suitable to rank the buildings present over a developed, 

large territory based on their degree of exposure to the landslide hazard. Similarly to other 

studies appeared in the literature, e.g. (Galli and Guzzetti, 2007), the method has a heuristic 

basis: we conjecture that the value of the exposure of a building depends only on the 

neighboring susceptibily zones.  

The method has been tested on 1,140 buildings hosting public schools in the Abruzzo 

Region (central Italy). The safety of this category of buildings is currently one of the most 

important national emergency target of the Civil Protection department. 

The case study was carried out by downloading data from public sites, namely that of the 

Ministry of the Environment (data about the school buildings) and that of the Abruzzo region 

(an incomplete landslide inventory that represents a rough approssimation of set DZ). Our 

method is applicable in the same way, and obviously with better results, if the shapefiles 

corresponding to the landslide susceptibility maps are available. Those data/maps are well-

known in the literature, e.g. (Guzzetti et al., 2006), but rarely available to the public 

administrators. 

Our assessment scheme, implemented in a GIS environment, produces in few minutes and 

at low cost a huge amount of data. The results give an overview over the reference 

geographic area and, thanks to the ranking, it is easy to select the buildings on which the 

investment of public money will yield the highest protective effect for humans and assets. We 

hope that the suggested method could be an inspiration for other communities all over the 

world. 

The results of the case study allow us to state that the buildings to be monitored primarily, 

through on-site inspections, are those belonging to the High range. They are just 8 out of 

1,140. Then, the focus can be shifted to the buildings in the Moderate range (56 out of 1,140, 

a mere 4.9% of the totality of the buildings present in the study area). These numbers proof 

that the aim of our study has been centered, i.e. to provide the responsible for land 

management with a tool suitable to detect easily the top-N buildings on which they have to 

concentrate the attention as well as the human and financial resources. The importance of this 

result has been highlighted in Sec.1, therefore will not be repeated. 

Our proposal is within the context of the preventive monitoring of the territory and of the 

assets on it. This justifies a characteristic of the proposed method, namely that it is inclined to 

return false positives (i.e., false alarms), to avoid false negatives (i.e. the eventuality of not 

including in the top positions of the ranking buildings that could be exposed to a high level of 

landslide risk). The correct way to use the ranking is to make on-site inspections in order to 

detect the buildings mistakenly inserted in the top positions of the ranking (if any). The happy 

note is that the number of inspections to be done is small in comparison with the total number 

of buildings present in the study area. 

 

In summary, the outcome of our method may be helpful from three points of view:  

 

a) to be used in combination with other analysis techniques targeted to the vulnerabilty 

assessment; 

b) to promptly identify the buildings actually exposed to a high degree of landslide hazard, 

among all that are located inside an area that can be affected by a severe natural event;  

c) to set up a plan of actions devoted to the protection/evacuation of buildings in response 

to situations of weather emergency (Hubbard et al., 2014). 

 

This paper constitutes the first step in the direction of making available a method, to be 

implemented with GIS software technologies, for ranking the buildings present over a 

developed, large territory based on their degree of exposure to the landslide hazard. The 
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distance between buildings and the danger zones, and the area of the latter determine the final 

ranking of the former. The next step will be devoted to embed into the proposed method the 

elevation of the terrain. In this way, it will be possible to cut off from the ranking the false 

positives that the current version of the method in unable to detect. 
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Abstract 

In the Syrian Arab Republic, water has become progressively scarcer and the demand has 

exceeded the supply and the availability of extant resources. Syria is considered a country of 

limited water resources. The Syrian climate is characterized by two seasons: a hot dry 

summer and a cold wet winter. 80% of the rain falls in winter, namely from October through 

April, while the summer, from June to September is nearly completely dry. 

Syria is principally an agricultural state, and therefore the agricultural sector is the largest 

water consumer. The principal causes of the shortage of water in Syria are primitive irrigation 

methods that are still common, despite government incentives of low-interest loans to replace 

them with modern systems. The lack of investment in technology and a delay in legislation 

regarding irrigation intensified the water shortage. 

This paper will show how irrational use of water resources in the agricultural sector 

influences this sector negatively. The growth of agricultural areas without considering the 

availability of water, both extant and replenishing, lead to a substantial shortage in all the 

hydrological basins in the country. Moreover, over-pumping from legal and illegal wells have 

led to the lowering of groundwater levels, changes in the quality of the water, and the drying 

out of springs that the government relies upon for water collection for agricultural projects.  

 
Keywords: Water balance, water deficit, basin, surface water sources, groundwater, available water, 

water consumption.  

1. INTRODUCTION 

Syria, like the other eastern Mediterranean countries, is characterized by a limited supply of 

water. Most of Syria is arid or partially arid, and rain falls only in winter with significant 

differences in amount. For example, the coast receives up to 1,500 millimeters of 

precipitation per year, in contrast to an annual average of only 200 millimeters in the 

southeastern part of the country. This difference causes a heterogeneous distribution of water 

that is unequal to its availability in the various water basins in the country. Most of the water 

basins suffer from a relative, and sometimes absolute, deficit of water. With some of the 

basins, their use nears their potential over even exceeds it. 

Syria, like many other countries in the Middle East, has regions that are rich in water and 

sparsely populated, and, on the other hand, areas that are water-poor and densely populated. 

For example, the water available in the Damascus basin is less than 5% of all the water 

available in Syria, yet the population reaches 29,7% of the country’s inhabitants. In contrast, 

the available water in the Euphrates Basin makes up 60,5% of all available water, while its 
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population is only 31.1% of the inhabitants of the country (Abed Rabboh, 2007). 

Water is gradually decreasing in Syria but the demand has already exceeded its availability 

and the ability to provide it from current resources (Varela-Ortega and Sagarody, 2002). 

Syria’s population reached approximately 18,000,000 in 2002, and the renewable water 

resources were evaluated at 16 billion metric cubes per year. In other words, the renewable 

water resources reach less than 1,000 metric cubes of water per capita per year, which puts 

Syria in the category of a country suffering from a lack of water. If the population continues 

to grow rapidly, Syria may soon be considered a country with a serious water crisis (Mualla 

and Salman, 2002).  

The situation further deteriorated towards the end of 2010 when the population of Syria 

reached 20,000,000 residents, and the renewable water resources remained the same as in 

2002, approximately 16,8 billion cubic meters (CIA, 2010; FAO Statistical Data Base). The 

agricultural sector is the greatest consumer of water in Syria, using over 85% of all available 

water sources in the country. This makes the efficient use of water in agriculture a central 

issue facing Syria’s governments over generations. The need for irrigation in agriculture has 

steadily grown in recent decades, and has nearly doubled since 1985. This point has received 

attention in Syria’s national security policies in order to feed the country’s fast-growing 

population which has one of the highest rates of natural increase in the world, reaching 3,7% 

in 1985. This rate decreased in 1996 to 2,7% (Winckler, 1998 table 2,1: p. 26) and to 2,04% 

according to the data of the World Bank for 2009-2010. Syria’s various governments have 

tried to achieve a balance between the consumption of water for agriculture and the 

intelligent use of extant resources through advanced methods of irrigation that conserve water 

use (Varela-Ortega & Sagardoy, 2001). 

This article examines the development of the use of water resources for agriculture and its 

influence on the water sources in the various drainage basins in Syria. It is noteworthy that 

this article was completed by the end of 2010, and in March 2011 civil war broke out in 

Syria, making it nearly impossible to receive data from the various Syrian sources dealing 

with water such as the Irrigation Ministry and Agriculture Ministry. Even receiving data from 

outside sources such as international organizations in reference to Syria met with difficulties 

in the period following the outbreak of war. 

 

2. BACKGROUND AND STUDY AREA 

2.1 Syria’s Geographic Location and its influence on the Water Shortage 

The Syrian Arab Republic is located on the eastern Mediterranean coast. In the north, it 

borders on Turkey (822 km) and in the east and southeast with Iraq (605 km). Its southern 

border is with Jordan (375 km) and in the west, Israel (76 km) and Lebanon (375 km) and the 

Mediterranean Sea (193 km) (CIA, 2014). 

The length of the country’s borders is approximately 2,274 km, of which there are 150 km 

of rivers, the Tigris serves as the border with Turkey for about 39 km and another 5 km with 

Iraq, the El-Khabir Al-Janubi runs for about 56 km on the Syrian-Lebanese border and the 

Yarmuk for about 40 km between Syria and Jordan. The area of the Syrian Arab republic 

within these borders is approximately 185,180 square meters (Kout, 2008) of which 13,410 

square meters are irrigated agricultural fields, 34,530 square meters dry-land farming (rain 

being the only source of water, approximately 9,030 square meters unused agricultural land, 

87,950 square meters are pastureland and woods, and the remaining area is not appropriate 

for agricultural use (SADB, 2010). 
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Source (free world map) 

Figure 1. Topographic Map of Syria 

2.1.1 Syria’s Drainage Basins 

There are seven principle drainage basins in Syria (Figure 2): The Yarmuk Basin, the Brada 

and Awag Basin, Orontes Basin, the Coastal Basin, the Aleppo Basin, the Badia Basin and 

the Euphrates Basin (World Bank, 2001, p.2). Other sources categorize the basins in a 

slightly different manner, counting the Aleppo and Euphrates Basin as one, and adding the 

Tigris and Khabour Basins.  

 

  

  

   

  

  

 

 

 

 

 
 

 

Source: (Muslimani, 2009) 

Figure 2. The Hydrological Basins in Syria 
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3. THE AGRICULTURE SECTOR, THE LARGEST WATER CONSUMER IN 

COMPARISON WITH OTHER SECTORS 

Historically, agriculture provided the principle basis for economic activity in Syria. However, 

in recent years the importance of the production of fuel and gas has risen. Nevertheless, the 

agricultural sector has continued to be significant in economic activity and has supplied a 

source of employment the main portion of the GNP until the beginning of 2000. After 2000, 

the contribution of agriculture to the GNP noticeably decreased, reaching 17,6% in 2010. 

In 2009, 16,4% of the workforce was employed in agriculture, as compared to 28% in 1999 

and 51% in 1970. However, the percentage of those working in the industry were 32.4% in 

2009, compared with 38% in 1999 and 21% in 1970. Those working in services were 51,3% 

in 2009, as compared with 34% in 1999 and 28% in 1970. (Richard &Waterbury, 1990, 74; 

Arabic News 26.3.1999; Syria Central Bureau of Statistics). 

 It is noteworthy that, despite the drastic decrease in the percentage of those employed in 

agriculture in Syria at the beginning of the first decade of the present century, this is still 

considered relatively high in comparison with countries with a similar GNP, such as Jordan, 

Iraq, and Lebanon. For purposes of comparison, in Iraq, the GNP is $7,100 and the 

percentage of agricultural workers is approximately 21,6%. In Jordan the GNP is $6,100 and 

the percentage of those working in agriculture is approximately 2,7%. In Lebanon, the GNP 

is $16,000 and the percentage of agricultural workers is approximately 2,5%. (CIA, 2009-

2013). Because of the relatively high percentage of those employed in the field of agriculture, 

Syria is especially vulnerable to climate change and drought, as indeed has occurred in the 

present decade.  

 

3.1 Pressures on Water Sources for Agriculture 

Syria is considered to be a country with limited water sources, but there is no real danger to 

the supply of water for home and industrial use. These sectors do not consume more than 

15% of the total amount of available water in Syria. Water for agriculture, however, is in 

danger of becoming sparse, since this sector requires a great deal of water. The amount of 

water required for agriculture reaches approximately 11,7 billion cubic meters annually, 

which is 93,6% of all water. Industry requires up to 0,194 billion cubic meters of water 

annually, and the private sector consumes up to 0,534 cubic meters per year, which is 4,7% of 

the volume of all water (ʿArʿar, 1997). 

According to Khaldon and Brendtsson (2012), relying on the Syrian Ministry of Irrigation 

and Construction, in 2008 the agricultural sector used approximately 15,395 billion metric 

cubes of water, 88% of all water, industry used approximately 519 million cubic meters 

which were nearly 3% of total water use, and the private sector consumed 1,576 million cubic 

meters of water, which were 9% of all water used. 
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Source (Kaial, 2006) 

Figure 3. Division of Water According to Sectors in the Various Basins in Syria. 

 

From Figure 3 it is possible to learn that agriculture is the largest consumer of water in all 

the basins in Syria, especially the Euphrates/Kahbour Basin. The need for water is connected, 

as stated previously to the importance assigned to agriculture, especially in the 1980’s. 

Almost 32% of the GNP comes from agriculture and nearly 31% of the workforce in Syria is 

employed in this field. In 2000, cultivated land in Syria was estimated to reach 5,5 million 

hectares, covering nearly 30% of the surface of that country. 20% of this area, namely about 

1 million hectares, were irrigated. From 1985 until 2004, cultivated land that was under 

irrigation increased from 650,000 hectares to 1,439 million. However, since 2004 there has 

been a decrease and the irrigated land comes to approximately 1,239 million hectares in 2009 

(SADB; Somi et al., 2001 and 2002). 

The accelerated rate of growth in irrigated areas comes from the need to provide 

agricultural produce and the dependence on ground water sources in addition to surface 

sources. The use of groundwater, especially for irrigation, rose dramatically in the last two 

decades. In the last 15 years, between 50-60% of the irrigated areas in Syria were watered by 

means of groundwater pumped from wells. A good deal of the rise in the use of ground water 

comes from the irrigation of fields of wheat, cotton, sugar beets and citrus orchards. The cost 

of pumping was subsidized by the government and ground water costs do not reflect their real 

value because the energy required for pumping was also subsidized (Rodriquez et al., 1999). 

Irrigation serves as a strategy for making agriculture more secure in arid areas like Syria. 

The data indicates that crops and the produce of irrigation can reach five times that of crops 

watered by precipitation (Allan, 1987: p.28). 

The expansion of irrigation from underground water sources has brought to the nearly total 

exploitation of most of the country’s drainage basins. Continuing to draw upon groundwater 

is liable to influence the runoff of water sources, such as streams, wadis/valleys, and is also in 

danger of causing the salinization of groundwater in areas close to the seashore. 

Digging new wells and the widespread use of water drawn from them, as part of the Syrian 

government’s economic policy of supporting the agricultural sector, influenced the increase 

of irrigated land between 1990 and 2004 (Munlahasan, 2007). Between 1985 and 2009 

irrigated areas grew by 587,000 hectares as is shown in Table 1. 
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Table 1. Sources of Irrigation in Various years 

Total irrigated area 

(000 hectares) 

Groundwater irrigated (000 

hectares) 

Surface irrigated 

(000 hectares) 

Year 

652 318 (49%) 334 (51%) 1985 

693 342 (49%) 351 (51%) 1990 

1,082 694 (64%) 388 (36%) 1995 

1,210 698 (58% ) 512 (42%) 2000 

1,332 764 (57%) 583 (43% ) 2002 

1,361 855(63%) 506(37%) 2003 

1,439 865(60%) 574(40%) 2004 

1,425 865(61%) 560(39%) 2005 

1,402 851(61%) 551(39%) 2006 

1,397 813(58%) 584(42%) 2007 

1,356 761 (56%) 595 (44% ) 2008 

1,239 656 (53%) 583 (47%) 2009 

Source: Until 2002 Somi et al. 2002; from 2002 SADB 

 

The increase in areas watered by groundwater grew by 338,000 hectares, which constitutes 

58% of the total of additional area. The increase in areas irrigated by above-ground sources 

was 249,000 hectares, a 42% addition. Most of the above-ground water coming from 

drainage basins is supplied by dams. With the exception of the Euphrates River, most of the 

irrigation systems are inefficient, and the Ministry of Irrigation plans to replace the old, open 

irrigation systems with pipelines, and renovate the system of canals (Mualla and Salman, 

2002). However, the primary goal of the government is to provide drinking water to the 

inhabitants. The demand for water in urban areas has grown rapidly in the last decade as a 

result of a high natural increase (3%) and the development of the industry. The 95% of city 

dwellers and 80% of the rural population have access to clean water today. The supply of 

water for sanitation services (in both urban and rural areas) has risen significantly with 

population growth (Mualla and Salman, 2002). 

Syria’s Minister of Construction and Housing, engineer Halah Nassar, reported that 92% 

of the population are connected to fresh water through the water system established by the 

Syrian government, while 8% receive water in containers financed by her ministry. 

(Interview broadcast by the Syrian satellite television channel on 31/7/2011). 

The water balance in most of the drainage basins is in a deficit and the situation is likely to 

deteriorate further, especially in the drainage basins that serve densely populated areas. The 

Brada-Awag Basin, for example, is significantly lacking in both surface and ground water 

sources. Great efforts have been invested in order to supply drinking water to the residents, a 

result of the high rate of natural increase and internal immigration towards the capital. Many 

farmers have already reported on wells that have run dry from over-pumping in favor of other 

sectors (Mualla and Salman, 2002), a point that heightens internal conflicts regarding the 

issue of the sale of water and its use for various purposes. 

 Efficient use of water for agricultural needs depends on technical, economic, sociological 

and political factors. These factors have a mutual effect of dictating the level of general 
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efficiency of water use. Two actions on different levels must be taken into account in order to 

deal with the wasteful use of agricultural water: actions on the administrative level and on the 

organizational level. 

 

3.2 The Syrian Government’s Investment in Agricultural Irrigation 

 

The investment of Syrian governments in the agricultural sector in the past 30 years has been 

estimated to be 212 billion Syrian pounds. The majority of that sum, approximately 194 

billion or 92%, was invested in the years between 1981 and 2000. The World Bank’s report, 

"Syrian Arab Republic Irrigation Sector Report," published on August 6, 2001, dealing with 

yearly allocations in the agricultural sector according to the eighth five-year plan (1996-

2000), states that “irrigation receives the majority of the allocated investment, approximately 

78% (World Bank, 2001, pp. 5-6). The World Bank report also shows that the majority of 

quality land is connected to “building infrastructure for drainage and irrigation, including 

storage, dam construction, pumping stations, primary and secondary irrigation, drainage 

systems, leveling and straining saline soil when necessary” (World Bank, 2001 p. 30).  

Table 2 shows that irrigated areas have risen in the past five decades in Syria 

approximately 838,000 hectares, from 558,000 hectares to 1,396,000. The percent of 

cultivated land that is irrigated rose from 8,7% to 24,6%. On the other hand, irrigated land 

decreased approximately 19,000 hectares between 1961 and 1980, from 558,000 hectares to 

539,000. At the beginning of the 1980’s, this trend was reversed. Between 1980 and 1990, 

irrigated land rose 154,000 hectares, from 539,000 to 693,000 hectares. This shows a 29% 

growth. In the course of subsequent decades, an additional 75% increase is noted of 518,000 

hectares, from 693,000 to 1,211,000 hectares. A significant increase was discernable in the 

seventh five-year plan between 1990 and 1995 of 57%, from 693,000 to 1,089,000 hectares. 

This change is the result of the efforts of the government and the private sector. 

Approximately 60% of the agricultural land in Syria is watered with groundwater. All the 

irrigation from groundwater is developed and operated by the private sector (World Bank, 

2001, p.IX). Between 1988 and 2000 the private sector increased the use of underground 

water from 47% to 60%. This trend continued nearly without a change in 2008. In this period, 

government investment in above-ground water brought about the expansion of irrigated land 

by above-ground water from 350,000 to 595,000 hectares, an increase of 245,000 hectares. 

In contrast with irrigation in the private sector, these numbers are quite modest. Despite 

the discrimination against the private sector under the socialist rule in the late 1950’s, that 

sector was able to take advantage of groundwater for an area that was twice as large as the 

area that was irrigated by water supplied by the government at that time (503,000 hectares vs. 

234,000). On the other hand, the expansion of irrigation has led to the depletion of 

underground water sources and damage to their quality. The use of groundwater in an 

unsustainable manner led to over-pumping and pollution in various places. This explains why 

the administration of underground water is one of the outstanding challenges for irrigated 

agriculture in Syria (World Bank, 2001, p.IX). The Syrian government’s efforts in the field of 

irrigation were expressed by the construction of 160 dams with a holding capability of 18 

billion metric cubes of water. The most complicated project, which was deemed a political-

economic achievement for the Syrian government was the Tabqa Dam (Alasad lake) on the 

Euphrates. Construction began in 1968, and the dam was dedicated formally in 1978. The 

dam’s length is 4,6 km and 500 meters at the base, with a height of approximately 60 meters. 

The dam created the Assad Lake whose length is 80 km, with a width of 8 km on the average, 

and can hold 14 billion cubic meters of water.  
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Table 2. Expansion of Cultivatable Land, Permanent Crops and Irrigated Areas 

1961-2009.  

 

Irrigation agriculture 

(000 hectares) 

Arable and 

Permanent Crops 

(000 hectares) 

Year 

558 6,381 1961 

522 6,599 1965 

451 5,909 1970 

516 5,476 1975 

539 5,684 1980 

652 5,623 1985 

693 5,626 1990 

1,089 5,502 1995 

1,211 5,352 2000 

1,426 5,563 2005 

1,239 5,664 2009 

Source: FAO Statistical Database, Syrian Agricultural Database 

 

The purpose of the dam’s construction was to expand the irrigated areas to 640,000 

hectares by 2000 (Europa, 2002: p. 973). In reality, only 124,000 hectares had been added by 

2000, achieving only 19% of the goal. The report of Syria’s Ministry of Irrigation reveals that 

there are plans to increase the irrigated areas with above-ground water in the Euphrates Basin 

between 2000 and 2020 by approximately 180,545 hectares, yielding a total of 304,545 

hectares. In this way, 47% of the original planned goal will be achieved (MOI, 2001: table 

17). 

 

4. DECREASED DEPENDENCY ON INCONSISTENT RAINFALL 

 

The government’s projects expanded the irrigated areas of cultivatable land from 8,7% to 

24%. Even so, this growth has not been sufficient to protect the country from the effects of 

fluctuating rainfall. 

Table 3 reflects the fluctuations in grain yield in the past three decades in Syria, between 

1972 and 2008. In 1978 the yield was 6,098,000 tons, in comparison with this, there was a 

decrease to 3,032,000 in 1999 (a 54% drop). Production rose slightly in 2000, and in 2001 

there was an increase of 96% to 6,916,000 tons. Significant fluctuations took place in these 

last three decades. For example, in 1972 there was a yield of 2,562,000 tons, and in 1973 this 

fell 72% to 0,726,000 tons. This figure was nearly tripled in 1974 to 2,324,000. In 1988 grain 

production reached 5,007,000 tons. In 1989, the yield was reduced once more by 72% to 

1,407,000 tons, and then doubled to 3,103,000 in the following year. In 2002 production fell 

once more in comparison to 2001, which had reached 5,927,000 tons of grain, and this trend 

continued with small changes until 2007. In 2009 there was a drastic reduction in the harvest 
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as a result of the drought that Syria suffered in 2007-2008, and in 2009 there was once more 

an increase in the yield of grain. 

 It is clear that the investment of the Syrian government in irrigation and land 

improvement projects did not solve the problem of fluctuating rainfall once and for all. 

Nevertheless, the government’s investment in agriculture did reduce the uncertainty and the 

dependence upon rainfall to a significant extent. 

 
Table 3. Grain Yield in Syria 1972-2009 (000 tones). 

Production  Y
ea

r
 

Production  Y
ea

r
 

Production  Y
ea

r
 

Production  Y
ea

r
 

5,927 2002 4,368 1992 2,283 1982 2,563 1972 

6,218 2003 5,393 1993 2,696 1983 726 1973 

5,275 2004 5,397 1994 1,444 1984 2,324 1974 

5,623 2005 6,098 1995 2,543 1985 2,196 1975 

6,293 2006 5,995 1996 3,167 1986 2,919 1976 

5,003 2007 4,325 1997 2,300 1987 1,639 1977 

2,694 2008 5,270 1998 5,007 1988 2,456 1978 

4,730 2009 3,303 1999 1,407 1989 1,763 1979 

  3,512 2000 3,103 1990 3,884 1980 

  6,916 2001 3,294 1991 3,559 1981 
Source: Until 2001 FAO Statistical, Database: From 2001 SADB Database 

 

Cultivated cotton fields increased significantly in the 1990’s from 156,000 hectares in 

1990 to 275,000 in 1998. This increase was made possible by the expansion of irrigated land 

in Syria, thanks to the use of water from the Euphrates dams that were constructed in 1974 

and those that were built in the beginning of the 90’s in the Al-Hasakah region. From 1988, 

due to drought and an irrigation shortage, there was a downward trend in cotton fields from 

200,000 hectares in 2002-2003 to 175,000 in 2008. 

 
Table 4. Division of irrigated Land in Syria (000 ha) between Wheat, Cotton, and Other Produce (Fruit Trees, 

Vegetables, Corn, etc.) 

% Others  % Cotton  % Wheat  Irrigated area Year 

37 263 23 156 40 274 693 1990 

24 260 19 204 57 625 1,089 1995 

21 245 22 270 57 695 1,210 2000 

23 332 17 238 60 855 1,425 2005 

27 376 15 216 58 810 1,402 2006 

29 413 14 193 57 791 1,397 2007 

33 450 13 176 54 730 1356 2008 

34 418 13 164 53 657 1,239 2009 

Source: SADB Various Years 

 

In Syria, cotton is an irrigated summer crop that covers 20% of the irrigated land in that 

country. This area was estimated in 2001 to be 1,3 million hectares that use 3-4 billion cubic 

meters of water (Somi et al., 2001). Since 2005, and especially in 2007-2008, there has been 

a sharp decrease in cotton fields, reaching only 176,000 hectares in 2008-2009.  

Most of the farms are irrigated by flooding, while the Agriculture Ministry encourages the 

utilization of modern irrigation technologies, such as dripping. This is done through 
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professional advice and loans that reach a total of 75,000 Syrian Pounds/Hectare (Westlake, 

2001). Irrigation is considered to be one of the most important factors influencing the 

quantity and quality of cotton production. Therefore, various studies suggest that the 

distribution of sufficient water is likely to increase the cotton crop up to 50% (Somi et al., 

2001). 

Water consumption for cotton varies according to ecological changes such as humidity, 

precipitation and the type of soil. For example, a hectare of cotton in the Alghab region 

consumes 7,771 cubic meters of water per year, while in the Al-Haskah region, 12,408 are 

needed. After adopting modern irrigation methods in 1983, the crop per hectare grew from 

2,800 kilograms of cotton to 4,000 in 2003 and 2005. The crop grew from 500,000 tons in 

1985 to more than 1 million tons in 2001. Later, it decreased to 700,000 tons in 2006.  

The wheat crop, in comparison, is dramatically different, since it depends on the type of 

soil. Growing wheat is based on rainfall, and the harvest tends to be low and unstable with an 

average of 0,5 tons per hectare in dry areas and more than 1,7 tons per hectare when the 

annual average rainfall is reasonable. For purposes of comparison, in the harvest of irrigated 

crops, where there is greater stability, the average yield reaches between 3,0 tons to 4,4 tons 

per hectare. Due to the instability of the wheat harvest, it is difficult to identify a trend. In 

general, in 1990 there was a moderate improvement in irrigated wheat yields over the yields 

in the 80’s. Between 1997 and 2001, there was a decrease in the wheat harvest to less than 

3,9 tons per hectare. 

Between 1992 and 1995, there was a stable increase, reaching a yield of 4,5 ton per 

hectare. In 1999 and 2000, due to drought conditions, nearly 80% of the wheat came from 

irrigated land. In the years 1997 and 1999, there was a sharp fall in the wheat yield as a result 

of the severe drought that Syria suffered.  

The wheat crop in Syria is based on rainfall or irrigation. The area of irrigated wheat fields 

grew from 200,000 hectares in 1985 to 810,000 hectares in 2006. In this way, the irrigated 

land approached the area of dry-farming, which totaled approximately 977,000 hectares at 

that time. As a result of the increase of private wells and the construction of new dams by the 

government in Syria, the amount of irrigated wheat fields rose, especially in the Euphrates 

and Khabour Basin. Wheat fields are concentrated in areas where rainfall is plentiful. In other 

areas, there is no alternative but to irrigate the fields in order to produce a harvest. In areas 

where irrigation supplements rainfall, there is no need for irrigation for the entire year. 

Because of this, water consumption changes in these areas from year to year, according to the 

amount and distribution of rainfall in the region. The two techniques used to provide 

irrigation for wheat are flooding and sprinkling. Sprinkling is a useful technique only in the 

case where the water source is a well since there is a difficulty in base sprinkling on open 

water channels or tunnels.  

 

4.1 Increase of illegal wells in Syria in general and in the Damascus Basin in particular.  

 

The development and use of underground water sources are the most important challenge 

facing Syria in the field of supplying water. Like in all developing countries, wells are a 

trusted water source for farmers (in contrast with government surface irrigation projects. The 

report of the Syrian North Eastern Region Rural Development project (North Eastern Region 

Rural Development Project, 2007) showed that in the year 2001 one of the three consecutive 

dry years) witnessed a 21% increase in the number of drilled wells, equivalent to about 

167,000, where only 42% of them were licensed. 

The report also indicates an obvious increase in the amount of actual water consumption in 

comparison with the water available between 1992-2002 (Abed Rabboh, 2007). 

The use of wells requires a license to drill and use them. The license specifies the extent of 
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water use and the requirement to renew every ten years. Administration and enforcement 

have led to a rise in the number of illegal wells. The number of illegal wells rose to 56% of 

the total number of wells in 2008, in comparison to 46% in 1999 (see Table 5). The number 

of unauthorized wells rose between 1999 and 2010 from 63,078 to 130,997, an increase of 

67,919. In contrast, legal wells rose from 72,011 to 98,884, an increase of 26,873 wells.  

The situation reflected in the table indicates a significant decrease in the groundwater level in 

various areas in Syria and in particular, the Damascus Basin. In other areas, the groundwater 

level decreased as a result of over-pumping. Thus, for example, it turns out that 25 km south 

of Aleppo the groundwater level decreased over the last 20 years at an average of 1,75 meters 

per year (Diekmann, 2003).  

 
Table 5. Licensed and Unlicensed Wells in Syria in Various Years. 

Number of wells Year 

Total Illegal Legal 

135,089 63,078 72,011 1999 

202,274 116,244 86,030 2005 

213,124 124,716 88,408 2006 

213,335 122,150 91,185 2007 

222,061 130,543 91,518 2008 

219,552 129,494 90,058 2009 

229,861 130,997 98,884 2010 

Source: Syrian Agricultural Database 

 

In 2001, the Syrian government demanded that the farmers act to obtain licenses for their 

extant wells. This step was taken in light of the yearly plan that the government had set. The 

goal of the plan was to make it possible for the farmers to receive loans for their agricultural 

expenditures from the main bank and to benefit from repayment after the harvest. Most of the 

users did not request authorization due to the difficulty in proving ownership over fields and 

wells. As of 2010, out of the total of 230,000 wells that functioned throughout Syria, only 

43% were authorized. In areas such as the Damascus Rif (the rural area of Damascus), 

Aleppo and Dayr Azzawr, the percentage of unauthorized wells was two-thirds greater than 

the total number of wells there.  

 

4.2 The need to improve the technology of irrigation methods and modernize irrigation 

in Syria. 

Modernization in agriculture is a complex process whose goal is to achieve basic changes in 

the rules and regulations that influence the operation of irrigation, in order to improve the 

provision of water to the users. The process includes physical intervention in the 

infrastructure and administration. In addition, it involves political and organizational reform 

in the irrigation infrastructure program. The FAO, Food and Agriculture Organization, 

declared that “modernization of irrigation systems is a technical and administrative process 

for upgrading irrigation programs, alongside organizational reforms whose purpose is 

improved utilization of sources and supply services of water to farms”. This was said at a 

conference that took place in Bangkok, Thailand in 1996 (FAO, 1997). 

As has been shown, Syria is a semi-arid country, with limited water resources and a 

growing demand for water. This demand is growing, especially after the improvement in the 
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state of the economy and the rise in the standard of living (Ghadban, 1993). The balance of 

water in most of Syria’s drainage basins is at a deficit, and the situation is likely to deteriorate 

even more as a result of intensive irrigation, urbanization, industrialization and the high rate 

of natural increase. If this situation continues, it is likely to lead to negative economic and 

ecological influences. In order to overcome this difficult situation, there is a need to adopt 

administrative strategies for water preservation in various sectors. 

The agricultural sector is the biggest consumer of water, with an estimated consumption of 

88%, equal to 15,395 billion cubic meters, of the water used in the country (Khaldon & 

Brendtsson, 2012). Saving water in this sector would positively influence the balance of 

water in the country. 

The irrigated area is estimated at 1,3 million hectares in 2009. Approximately 53% or 0,87 

million hectares depend on groundwater that are constantly decreasing in most of Syria’s 

basins (SADB, various years). Actions to make irrigation more efficient in Syria were limited 

to physical intervention accompanied by improving the efficiency of distribution within the 

farms. 

The crop yield from irrigated agriculture is relatively low, from averages of wheat of 3-6 

ton per hectare, and cotton at 3-7 ton per hectare (SADB, 1998). This is much less than the 

average crop yield in neighboring countries, such as Egypt. This low yield is a partial result 

of the lack of water and poor management of the water system. 

Irrigation efficiency is low. It is estimated at 50% efficiency, with the exception of the 

Euphrates Project which is estimated at 60% (World Bank, 2001). Poor water transfer 

efficiency contributes to an ineffective administration of water systems. Allocation of funds 

for operation and maintenance made up only 10% of the budget of the Syrian Irrigation 

Ministry for 2000, totaling 1,556 billion Syrian Pounds. These allocations did not cover the 

basic requirements set for operation and maintenance (World Bank, 2001). In addition, fee 

and tax collection from farmers cover only 80% of operation and maintenance needs.  

Most of the above-ground water sources in Syria have reached their maximum use. The 

country has limited capability to develop below-ground water sources and the drainage basins 

are in deficit. In order to achieve economic development and improve the state of the water 

sources, there is an urgent need for strategic change from developing water sources to 

administrating those water sources. In accordance with a Syrian government decision, 

irrigated areas will be equipped with modern irrigation technologies within the next four 

years. This means that a total area of 1,149,349 hectares will have to be equipped at a rate of 

287,337 hectares each year. The modernization policy aims at decreasing the use of water 

from 12,434 cubic meters of water per hectare annually, to 8,000 cubic meters. 

The average amount of water used to irrigate one hectare by primitive irrigation is estimated 

to be about 14,446 cubic meters annually. Changing to sprinkler irrigation is likely to 

decrease this amount to 8,920 cubic meters, which is a 38% savings in water, and increasing 

the annual crop yield by 31%. In contrast, changing to modern drip irrigation would lower the 

amount of water used annually to 6113 cubic meters per hectare, which would be a 58% 

savings and yield a 35% increase in crops. 

Table 6 shows the land area irrigated with modern methods in all Syria and the increase 

over the years. The area irrigated by modern methods up until 2009 did not total more than 

282,000 hectares, approximately 23% of irrigated land in Syria. In addition, there were 

numerous fluctuations in the process, so that in certain years the land irrigated with modern 

methods decreased, as it did in 2001, 2003 and 2006. This data contradicts the aspiration of 

the government to convert 287,000 hectares each year to modern irrigation. 
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Table 6. The Total Area using Sprinklers and Drip Irrigation 

Add year(ha) Total(ha) Sprinkles(ha) Drips (ha) Year 

NA 89,.033 80,480 8,553 1998 

NA 126,719 110,631.3 16,087.7 2000 

(16,419) 110.300 66.100 44.100 2001 

104,500 214.800 138.400 76.400 2002 

(29,300) 185.500 133.300 52.200 2003 

2,200 187.700 130.200 57.500 2004 

56,700 244.400 160.000 84.400 2005 

(8,500) 235.900 163.200 72.600 2006 

7,930 243,830 164,109 79,721 2007 

28,500 253.400 162.100 91.300 2008 

 281.900 178.900 103.000 2009 

Source: Varela-Ortega & Sagardoy, 2008, Syria Central Bureau of Statistics 

 

Many farmers refrained from using these irrigation methods due to technical and financial 

limitations – or did not even know that they existed. Abu Shuah, a Syrian farmer from the 

Euphrates River region in northeast Syria the first to convert the use of primitive methods of 

irrigation to modern drip irrigation that draws water from the Tishrin Lake, says that he did 

so to save water. But since he could not prove ownership of his agricultural land, he did not 

receive a subsidy or help through loans. The cost of the watering system was 125,000 Syrian 

Pounds ($2,600) and he installed it himself according to the directions he received in the store 

where he bought it. Most of the farmers with whom the reporter from Syria Today spoke 

adopted modern drip and sprinkler irrigation and installed it themselves since they found 

cooperation with government elements exhausting. 

Many owners of a small and medium-size farm who inherited their farms from their 

parents lack ownership documents. Therefore they did not receive government help and 

funding. In Abu Shuah's case, not receiving expert agricultural advice from the government 

and a lack of knowledge regarding modern irrigation systems led to obstruction in the pipes 

as a result of pumping saline water. Abu Shuah adds: "I also suffer from problems in the 

system due to blockages in the hoses from little stones and algae. I began to switch the filters 

at least twice a day, and I even built a small system in the lake to decrease the quantity of 

mud and debris, but it didn't help. I harvested the cotton in October and stopped irrigating my 

land with drippers. I did not save any money, diesel fuel or water." In February, Abu Shuah 

sold his new irrigation system for 50,000 Syrian Pounds ($1,060) and went back to using the 

flooding method. Like other farmers, he is unable to supply diesel fuel for pumping water 

(De Chatel, 2009). 

 

5. CONCLUSIONS 

The agricultural sector is the largest consumer of water in the Syrian Arab Republic. This 

being the case, agriculture is the principle reason for the significant decrease in underground 

and above-ground water sources in Syria between the years 1980-2010. Restoring the balance 

of water to a positive level is seen as an important national goal that requires drastic steps in 

some of the basins, especially those where the deficit is particularly worrisome. In light of the 

policy of modernization and the expansion of irrigated lands by 700,000 hectares in 30 years 
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(between 1980 and 2010), and the fact that some of the basins are in deficit, and others have a 

positive level, this indicates a need for policy change so that development should be 

concentrated in basins that suffer from a water deficit and preparing new land for agriculture 

be made possible only in basins where there is a positive balance.  

Syrian farmers need to develop skills in using new methods of irrigation which will lead to 

decreasing the use of water to grow crops. Non-rational use of water sources for agriculture 

has affected this sector negatively. Growing crops without consideration of the availability of 

renewable and extant water has led to a real shortage in nearly all the hydrological basins in 

the country. Moreover, over-pumping from legal and illegal wells has led to changes in the 

water quality and the drying out of a large portion of the springs upon which the government 

depends on collecting water for agricultural projects. 
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Abstract 

Migration is considered as the movement of people from one geographical region to another, 

which may be on temporary or permanent basis. This study assessed the consequences of 

rural-urban migration on the source region of Ughievwen clan in Ughelli South Local 

Government Area. The stratified sampling technique on the basis of existing geopolitical 

wards was used to divide the study area into four (4) zones. Data were generated through 

primary and secondary sources. The primary data were generated through the administration 

of two hundred and sixteen (216) copies of questionnaires to respondents in the study area 

using the systematic sampling approach, while the secondary data were collected from 

journal/publications and other published materials from textbooks and official gazette. The 

data generated were analysed using multiple regression statistics. The findings of the study 

show that females migrate more than the males in Ughievwen and migration is high within 

the age cohorts of 15-25 years and 26-35 years. More so, migration decreases with age, and 

this may be due to the higher psychological cost for migration associated with older people. 

Most of the persons in the community had acquired just their basic education. Thus, most of 

them are willing to migrate to major cities to obtain higher education. It has been widely 

observed that the propensity to migrate increases with education. Furthermore, the study 

revealed that migration is affected by socioeconomic, demographic and cultural factors. The 

results of hypotheses showed that there is a significant relationship between migration and 

social amenities (recreation, water, health care, electricity, and road) which was evident at F 

value of 97.691 which is greater than the critical table value of 2.26 at P>0.05. Thus, it is 

anticipated that an increase in the provision of social amenities will result in a corresponding 

decrease in rural-urban migration. It was recommended that functional social amenities such 

as electricity, pipe borne water should be provided in the rural areas as a panacea for rural-

urban migration. 

 
Keywords: Rural-Urban Migration, Source Region, Consequences, Ughievwen, Delta. 
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1. INTRODUCTION 

Migration is considered as the movement of people from one geographical region to another, 

which may be on temporary or permanent basis (Adewale, 2005). People migrate based on 

the prevailing conditions and the reasons for it vary from one person to another depending on 

the situation that brought about the decision. Migration is a selective process affecting 

individuals or families with certain economic, social, educational and demographic 

characteristics. The movement of people from rural to urban areas is a common occurrence in 

Nigeria. The movement poses some problems in the rural as well as in the urban centre even 

though; there are benefits derivable from it. In most rural areas, the impact of rural-urban 

migration was a rapid deterioration of the rural economy leading to chronic poverty and food 

insecurity (Mini, 2000). These arise mainly due to excessive drain of youth from the rural 

populace thus leaving only the older and aged members to constitute the labour force of the 

rural area. 

Migration to urban areas is placing increasing pressure on local government's ability to 

respond to social service needs of urban populations. This is a worldwide challenge; in 2008 

over half of the world's population will be urban, and in Africa the urban population is set to 

double between 2000 and 2030 (UNFPA, 2007). On-going migration to urban areas is 

placing pressure on limited appropriate housing, resulting in increases in the numbers of 

urban residents now found to reside in informal housing. Informal settlements present a range 

of health and development challenges to governments, including access to water, sanitation, 

housing, and adequate health services, including HIV services (Ambert, 2006; Ambert, 

Jassey, & Thomas, 2007; Thomas, 2006). 

Apart from smoothing income flows by providing employment during the agricultural lean 

season, temporary migration to urban centres is undertaken for increasing disposable income 

which is then invested in a variety of production and consumption uses. However, the relative 

importance of migration is highly contexted specific as its effects on the local agricultural 

economy and poverty reduction is enhanced. 

The movement from rural to urban areas makes a negative impact on the quality of rural 

life especially when such migrants carry away their needed consumption into the city. 

Migration of young adults from the rural areas also placed a greater burden on the farmers. 

For farmers to cover the same area of land as when he had extra assistance, he must work 

much longer hours thus depriving him of some time for leisure or participation in various 

social activities. The trend of the movement of the rural people into the city has also militated 

against the agricultural development in these countries. The stage of agricultural development 

in Ughelli South is labour intensive, able-bodied men who should till the land have 

abandoned their role in the farms, and have engaged themselves in petty trading in the urban 

areas. 

In recent times there are more problems associated with rural urban migration; the impacts 

of these problems have apparently outweighed the associated benefits. The governments are 

not aware of the annual internal migration trend, neither most of them know the factors 

responsible for the movement of rural people into their cities. At the same time, most African 

governments have little or no knowledge about the problems encountered by the various 

households in the depressed communities of their cities. This situation has made it very 

difficult or rather impossible for Delta state governments including Ughelli-South to plan and 

deliver the most needed social amenities for their subjects, especially those living in the rural 

areas to dissuade them from migrating into the city. More so, because of the movement of 

people from these rural areas, its consequent reduction in population has attracted less 

attention from the government as some already existing infrastructure facilities may be left 

non-functional and new ones may not be brought to replace the old ones. Nevertheless, 
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Ughievwen is a symbol of deliberate neglect as the community lacks those infrastructural 

facilities that make life meaningful (Ihonvbere, 2000). 

According to Baskerville (1994), some rural communities like Ughievwen Community 

have been experiencing drift of its population into neighbouring cities and towns particularly 

Warri, Sapele, Ughelli and Udu. This migrating population comprises mainly people of ages 

between 15 and 35 years. These people make up the largest proportion of the required 

manpower of these areas. This movement obviously led to the reduction of the workforce and 

consequently decrease in the agricultural output of the area, because farming was left in the 

hands of aged men and women. Furthermore, the reduction in output has brought about less 

income and gradual increase in poverty level. 

Although, these problems are of larger dimension, pervasive and are continuing unabated, 

not many governments have launched any regular research programme to monitor the trend 

of the movement of their subjects on the sustainable basis. Thus the motivation of this 

research is to evaluate the problems encountered by migrants, even as these problems impact 

the social economic status of the Ughievwen community. The study is also meant to assess 

the consequences of migration on the development of Ughievwen community and the main 

factors behind the movement of the rural people. 

2. LITERATURE AND CONCEPTUAL ISSUES 

Migration occurs as a response to economic development as well as social, cultural, 

environmental and political factors and effects on areas of origin as well as destination 

(Adewale, 2005). People tend to move away from a place due to need to escape violence, 

political instability, drought, congestion in various dimensions and suspected or real 

persecution. Also, adverse physical conditions such as flood, landslide (erosion and 

earthquake), insects and pests, soil infertility contribute largely to the reasons why people 

leave one environment for another.  

Rural to Urban migration is a response to diverse economic opportunities across space. 

Historically it has played a significant role in the urbanization process of several countries 

and continues to be significant in scale, even though migration rates have slowed down in 

some countries (Lall, Selod and Shalizi, 2006). According to Torum (2002), the interplay of 

both “Push and Pull” factors at the points of origin and destination stimulates migrations. The 

push factors, which cause migration include: political fear, lack of food, unemployment, wars 

and unhappy lifestyle, etc. Similarly, the pull factors are the desire to better life, job 

opportunities, improved living conditions, desire for qualitative education, better housing, 

improved medical care and a good network of roads. Urban and rural areas all over the 

developing world are becoming more closely linked socially, economically and politically 

(Deshingkar, 2004). An important manifestation of this is the increasing mobility of rural 

populations through temporary migration and commuting. 

The burden of rural to urban migration in Nigeria is multifaceted and intertwining. As 

such, an analysis of one decomposable component or consequence, such as unbearable 

population density, impinges on other issues within the identifiable cycle of burdens. For 

instance, in examining the immediate effect of rural to urban migration, which is an increase 

in population or at the extreme its explosion, various other subsequent effects are expected to 

be considered. Population explosion activates the housing challenge both at micro family and 

macro society levels. Congestion in households and communities has implications for both 

the health and psychology of victims.  

Nigerian cities such as Lagos, Port-Harcourt, Kano, and Onitsha among others are 

characterized by human traffic, vehicular congestions, environmental pollution, consistent in-
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migration and spurious expansion of territories to accommodate human additions. This paper 

argues that although maternal and infant mortality have been identified as accounting for a 

significant number of deaths in Nigeria (Okolocha et al., 1998; Isiugo-Abanihe, 2003; 

Population Reference Bureau, 2005; Nwokocha, 2006), frustration, conflicts, poor sanitary 

conditions and frequent road accidents, which have associations with dense population, 

collectively contribute most significantly to mortality statistics. Research shows that life 

expectancy among Nigerians dropped from an average of 52 to 44 years between 2002 and 

2005 (Population Reference Bureau 2002; 2005), even when there was marked reduction in 

HIV/AIDS prevalence from 5.8 percent in 2001 to 4.4 percent in 2005 (Olaleye et al., 2006). 

Unplanned population increases in most cities explain infrastructural decay in relevant 

contexts. This is especially the case in Nigeria where maintenance of existing amenities, 

which ab-initio are haphazardly situated due to unprecedented corruption and biased award of 

contracts, is not prioritized (Okafor, 2005). It is interesting to note that most roads in the 

country are impassable, hospitals lack human and necessary material resource, schools are 

dilapidated and electricity supply is very far from stable in most rural communities, though, 

none of these infrastructures exists. The people’s agony is visible in frustrations arising from 

avoidable diseases and deaths, lack of access to portable water, subsistent economic 

activities, various kinds of unemployment, child abuse in all its ramifications and dwindling 

focus on societal norms and values.  

The burden inherent in normative conflict and social maladjustment in a non-regulatory 

system is enormous (Kammeyer and Ginn, 1986). Given that individuals are culture-bearing, 

in-migrants do not immediately adjust sufficiently to cultures at destinations, while others are 

for very long time guided by ethnocentric orientations hardly adapting to the realities of new 

locations. High crime rate has also been linked to rural-urban migration given the anonymity 

provided by urban environments. Rural communities share this burden through loss of 

manpower necessary for agricultural activities and production. The impoverishment of rural 

areas in Nigeria is partly explainable by out-migration of able youths in search of 

employment in cities.  

Consequently, agriculture which prior to the discovery of oil was the mainstay of 

Nigeria’s economy was far relegated to the background leading to the country’s mono-

economy status. Overdependence on oil, it is argued here, that has led to employment crisis 

and avoidable importation of agricultural products, which together have over the years had a 

negative net effect on local industries and productions as well as international trade balances. 

Several analyses of Nigeria’s economy insist that petroleum resources have been more of a 

curse rather than a blessing to the development of the country (Iwayemi, 2006). 

It is imperative to note that some migrants in the category discussed in the present paper 

overcame their locality-imposed powerlessness in new destinations, while a large majority of 

others became more impoverished to the point of becoming social misfits otherwise known as 

“area boys and girls”. Another burden imposed by rural to urban migration is the increasing 

number of cohabitation and consensual unions that result among the married and the not yet 

married. Although it could be argued in some quarters that such union, especially when it 

involves people from different ethnic backgrounds, could have positive implications for the 

country’s unity at a macro level, the negative consequences of existing marriages and family 

unity at the micro are enormous. The above issues constitute the burden and in some cases 

agony of rural-urban migration in Nigeria for which organized critical thinking and context 

specific intervention strategies are essential. 

Cloete (2002) describes the relationship between infrastructure and migration as being 

twofold: infrastructure and services as pull factors for migration (“migration attractors”), and 

infrastructure and services as reasons for moving again. While people may migrate to better 

infrastructure and services, this is not independent of economic and employment concerns. It 
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became apparent in Cloete’s (2002) research, looking at the influence of education and health 

facilities on migration into the Western Cape, that “a poor household may well up and leave 

their present dwelling if household members remain unemployed and hear about job 

opportunities elsewhere” and “that the promise of work opportunities is the main reason for 

migrating” (Cloete, 2002). However, on its own, this study found that more than three-

quarters of the African population included in the study were willing to move again to obtain 

better general services and this was the case for both urban and rural populations in the 

province. Housing was the only other need that came before the need for other general 

infrastructural services such as health, transport, schools and water. 
This study is based on the “push-pull theory which is used as a guide for this study. The 

theory was postulated by Ravenstern (1889), who analyzed migration in England using data 

from the 1881 census of England and Wales. This theory suggests that people move out of 

their location because they are pushed out, while others move because of forces pulling them 

from their location to a new one. 

Ravenstern further concluded that pull forces were more important than push factors. As 

he puts it, “bad or oppressive laws, heavy taxation, an unattractive climate, uncongenial 

social surroundings, and even compulsion (slave trade, transportation), all have produced and 

are still producing currents of migration, but none of these currents can compare in volume 

with that which arises from the desire inherent in most men to better themselves in materially 

(Onokerhoraye, 1985). Thus, it is the desire to move more than the desire to escape an 

unpleasant situation that is most responsible for the voluntary migration of people, at least in 

the late nineteenth century England. 

Similarly, Stouffer (1940) in is theory of Intervening opportunity” looks not at the size of 

settlements or the distance between them, but at perceived opportunities between them; 

maintaining that the amount of migration over a given distance is directly proportional to the 

number of opportunities at the point of destination, but inversely proportional to the number 

of opportunities between the point of departure and the destination. Thus, in line with 

Ravenstern’s basic law which identified three major determinants of migration as follows: 

 

i. Migration stimulating situations for individual migrants, for example, marriage, 

employment opportunities, political oppression and graduation from school; 

ii. Factors affecting the choice of destination, for example, cost of transportation and 

presence of relatives and friends; and 

iii. Socio-economic conditions that underlie individual migration decision, for example, 

the quality of housing in an area, ethnic or racial tolerance and economic investments 

in the area, especially those that can generate job opportunities (Boque, 1959). 

 

Similarly, Udo (1982) identified a number of reasons why people migrate which include: 

 

i. The desire to escape from an inferior social status imposed by the community because 

of the social status of one’ parents. In many villages in parts of Ibo land, for example, 

some people are stigmatized Osu because they are descendants of slaved who are 

considered inferior and are isolated due to their dedication to the earth-gods. 

ii. The desire to evade domination and restrictions imposed by one’s parents or local 

custom. 

iii. The desire to attend high education institutions, which are mostly located in urban 

centres. 

iv. The desire to evade punishment for crimes committed in the local communities or to 

escape from perceived local enemies and witchcraft. 
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v. The desire to move to an area with more varied recreational activities, and modified 

cultural practices devoid of morbid superstition. 

 

The Macaulay Institute (2004), identified the push factors, which stimulate migration to 

include; little work and low pay, drought/crop failure, large family, land inherited by eldest 

child, evolution of mechanized farming, poor services (e.g. transport, schools, doctors, etc.) 

and little or no entertainment or leisure facilities. Others include: isolation, boredom, lack of 

housing and generally poor quality of life. Also, the pull factors identified by the Macaulay 

Institute (2004) are better job prospects and wages, exciting and lots of opportunities, variety 

of shops, entertainment (e.g. theatres, restaurants, etc.) good services (transport, schools, 

colleges, hospitals) a range of accommodation available as well as better overall quality of 

life (Torrey, 2005). 

2.1 Study Area 

Ughievwen community is located in Ughelli South Local Government Area of Delta State. 

Ughievwen Community is located on latitudes 60 10’N and 60 13’N and longitudes 50 22’E 

and 50 26’E. It is bounded to the North and East by Udu and Ughelli North Local 

Government Area, to the South by Bomadi Local Government Area and to the West by 

Burutu Local Government Area (Figure 1.1 and Figure 1.2).  
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Source: Modified after Ministry of Lands, Survey and Urban Development Asaba, 2008 
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Figure 1.1. Map of Delta state, showing the study area.  
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Figure 1.2. Map of Otughievwen community. 

 

 

The area is characterized by a tropical equatorial climate with mean daily maximum 

temperature of about 30C and a minimum of 28C (Efe, 2006). The humidity is relatively 

high (about 98%) during the wet season resulting in damp conditions and varies slightly 

(about 96%) during the dry season. Rainfall distribution ranges between 3000mm to 3500mm 

in the area (Efe, 2006). Rainfall period ranges from January–December, with the minimum 

value of 8.2mm in January and over 536.6mm in September. The predominant wind system 

in Ughievwen community is the tropical Maritime Air Mass (mT) which is humid and moist, 

and brings rainfall into this environment. The influence of the Tropical Continent (cT) air 

mass is minimal; it brings in slight harmattan in the area between December and February. 

There is no marked dry season in the area as rainfall in all the months is above 2.5mm (Efe, 

2002).  

The area lies within the lowland rainforest with swamp forest occurring in flat-floored 

valleys and adjoining low-lying areas that are seasonally or permanently waterlogged. The 

rainforest is floristically diverse and structurally complex, with several layers of trees. The 

evergreen tropical rainforest occurs inland from the mangroves with a considerable number 

of tree species, wood climbers, creepers, and undergrowth. The trees of the typical rainforest 

are known to be characteristically evergreen and trees that occur at the three storeys, namely 

the emergent upper, middle and lower storeys with a height of 10m to 60m. Much of the 

typical lowland rainforest has been seriously disturbed by anthropogenic factors over the 

years; thereby resulting in the emergence of secondary regrowth vegetation. The forest is rich 

in timber trees, palm trees, as well as fruit trees. Unfortunately, much of the rain forest has 

been destroyed as a result of farming, commercial lumbering and urbanization (Mabogunje, 

1996). Thus, there is an increase in temperature as a result of the destruction of the vegetative 

cover. Ughievwen Community has a total population of 2,129 based on available information 

from 2006 Population Census, which comprise of females 1,185 while the population of 

males 944. The socio-economic activities in Ughievwen are classified into; the primary 

activities such as agricultural activities which involve palm oil production, lumbering, 

fishing, farming, hunting, and pottery. The people of Ughievwen grow crops such as corn, 

cassava, okro, rubber etc. for consumption and commercial purpose. The secondary activities 

are basically small-scale industrial activities such as carpentry, tailoring, carving, and 
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distilleries etc. which is the conversion of raw materials into finished goods. Small-scale 

industries are prevalent especially in agro-allied and metal work. 

3. METHODOLOGY 

3.1 Types of Data 

 

The data used for this research were derived from both primary and secondary sources. The 

primary data were acquired from field generated data through the administration of 

questionnaires and personal observations. The secondary data include journal/publications 

and other published materials from textbooks and official gazette, etc. 

The study area was stratified into four (4) zones based on the existing wards and these are: 

Jeremi Ward, Imode Ward, Oginibo Ward and Agbowbiawe Ward. These four (4) wards 

represent Ughievwen community which is located in Ughelli South Local Government area. 

A total of 216 respondent representing 10% of sample population (Lavely and Mason, 2006) 

were surveyed using random sampling technique for the distribution of questionnaire (Table 

3.1). 
 Table 3.1. Sample study. 

Source: NPC, 2006 and Fieldwork, 2010 

4. RESULT AND DISCUSSION 

4.1 Causes of Migration 

From Table 4.1, 64.8% of the respondents are male while 35.2% of the respondents are 

female. Thus, more female has migrated. However, most of these movements by women 

were marriage-related or to accompany spouses (Memon, 2005). 

 
Table 4.1. Sex 

 

 

 

 

Source: Fieldwork, 2010. 

Wards Communities Total population Sample population (10%) 

Jeremi Jeremi /Eyara 1,004 104 

Imode Imode / Abaghara 394 39 

Oginibo Oginibo / Okwagbe 460 46 

Agbowbiame Agbowbiame/Egbe-Ide 271 27 

                      2,129 216 

Sex No of Respondents % 

Male 

Female 

140 

76 

64.8 

35.2 

Total 216 100 
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Table 4.2 shows that 54.2% of the respondent falls within 46 and above age category 

while 6.9% of the respondent falls within 26-35 age categories. According to Rahman et al. 

(2007), age is a major factor positively associated with migration. More so, the reduced no of 

active age is as a result of most people migrates out of Ughievwen to a find good living. Hare 

(1999) found that the age groups of 16-25 and 26-35 are most likely to migrate. Zhao (1999) 

finds the probability of migration decreases with age, and she explains this may be due to the 

higher psychological cost for migration associated with older people (Zhao, 1997). 

 
Table 4.2. Age 

Ages No of Respondents % 

15-25 

26-35 

36-45 

46 and above 

28 

15 

56 

117 

13 

6.9 

25.9 

54.2 

Total 216 100 
 Source: Fieldwork, 2010. 

Table 4.3 shows that most of the respondents have obtained only primary education and 

this is evident in 55% of their response while 21.4% of the respondents have obtained their 

university education. This finding likely explains the reason for their migration as posited by 

CUS (1990). Also, this low level of education may be responsible for active migration, so as 

to get a better education. It has been widely observed that the propensity to migrate increases 

with education (Connell et. al., 1976; Banerjee, 1986). 
 

Table 4.3. Education 

Education No of Respondents % 

Primary 

Secondary 

Tertiary 

119 

51 

46 

55 

23.6 

21.4 

Total 216 100 
 Source: Fieldwork, 2010. 

Table 4.4 revealed that 63.4% of the respondents said that some of their family members 

has migrated, while 36.6% said that all members of the family have not migrated. Thus, most 

movements was to support their family or to start their own life. Some rural families now 

consist only of children and the elderly, financially supported by relatives in the city. 

 
Table 4.4. Family migration 

Family Migration No of Respondents % 

Yes 

No 

137 

79 

63.4 

36.6 

Total 216 100 
Source: Fieldwork, 2010. 

Table 4.5 revealed that 87.5% of the respondents were of the view that there have not been 

any infrastructural developments in Ughievwen, while 12.5% were in agreement that there 

have been developments. Thus, levels of infrastructure development of a region determine the 

magnitude of migration (CUS, 1990). 

 
Table 4.5. Infrastructural development perception 

Perception No of Respondents % 

Yes 

No 

27 

189 

12.5 

87.5 

Total 216 100 
Source: Fieldwork, 2010. 
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Table 4.6 revealed that 65.3% of the respondents are willing to migrate while 34.7% are 

not willing to migrate. The larger proportion intends to migrate owing to the need for good 

income and infrastructure.  

 
Table 4.6. Intention to migrate 

Migration intention No of Respondents % 

Yes 

No 

141 

75 

65.3 

34.7 

Total 216 100 
Source: Fieldwork, 2010. 

Table 4.7 shows the order of influence of the causes of migration where 4-high, 3-

moderate, 2-low, 1-extremely low. In the distribution of causes of migration, 60.6% of the 

respondents saw unemployment as the major cause of migration, while 15.3% of the 

respondents saw income as the least cause of migration (see Figure 4.1). This is in line with 

the view of Rahman et al. (2007) who posited that migration varies depending on the socio-

economic, demographic and cultural factors. 

 
Table 4.7. Causes of migration 

Causes of Migration Order of influence 

1 % 2 % 3 % 4 % 

Income 4 1.9 45 20.8 134 62 33 15.3 

Community crisis 3 1.3 131 60.6 21 9.7 61 28.2 

Infrastructural - - - - 181 83.8 85 39.4 

Unemployment 10 4.6 26 12 49 22.7 131 60.6 

Education 21 9.7 182 84.3 13 6 - - 
 Source: Fieldwork, 2010 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.1. Causes of Migration. 

 

Table 4.8 shows the order of influence of infrastructure on migration where 5-very high, 

4-high, 3-moderate, 2-low, 1- extremely low. In the distribution of how infrastructure results 

to migration, 50% of the respondents saw health centres as the major cause of migration, 

while 9.7% of the respondents saw recreational facilities as the least of causes of migration 

(see Figure 4.2). Studies on migration have established a positive association between levels 

of infrastructure development of a region and magnitude of migration (CUS, 1990). 
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Table 4.8. Infrastructure causes of migration. 

Amenities Order of influence 

1 % 2 % 3 % 4 % 5 % 

Good Road 21 9.7 - - 21 9.7 108 50 66 30.6 

Electricity 108 50 22 10.2 86 39.8 - - - - 

Portable water 85 39.4 42 19.4 87 40.3 - - - - 

Recreational 21 9.7 147 68 - - - - 21 9.7 

Health centres - - - - 22 10.2 88 - 108 50 
Source: Fieldwork, 2010 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.2. Social amenities cause of Migration 

 

4.2 Consequences of rural-urban migration 

4.2.1 Testing of hypotheses 

From table 4.9, there is a strong correlation at R=0.836 between migration and social 

amenities. However, the r2 value indicates 0.699 which implies that 70% of migration is 

attributed to lack of social amenities in Ughievwen. At 0.05 significance level, the calculated 

F value is 97.691 while the critical table value is 2.26. Since calculated value is greater than 

critical value the null hypotheses is rejected and the alternative hypotheses is accepted which 

states that there is a significant relationship between migration and social amenities in 

Ughievwen community.  

 
Table 4.9: Model summary 

 

 

 

 

Model Summary
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Furthermore, from the coefficient Table (Table 4.10), the beta values shows positive for 

water and electricity i.e as water demand increases, so also migration increases as well. 
 

Table 4.10. Coefficients (dependent variable: Migration) 

 

 

 

 

 

From Table 4.11, 57.4% of the respondents were of the view that migration affects farm 

labour force, While 5.6% saw a drop in agricultural production. These arise mainly due to 

excessive drain of youth from the rural populace thus leaving only the older and aged 

members to constitute the labour force of the rural area; people tend to be pulled to the areas 

of prosperity and pushed from areas of decline (Braunvan, 2004). 

 
Table 4.11. Negative consequences of Migration 

Negative consequence No of Respondents % 

Reduction in agricultural production 

Reduction in farm labour (work force) 

Reduction in population 

Poor participation in festivity 

Reduction in communal participation 

12 

124 

23 

33 

24 

5.6 

57.4 

10.6 

15.3 

11.1 

Total 216 100 
 Source: Fieldwork, 2010. 

From Table 4.12, 42.1% of the respondents were of the view that remittance back to home 

was the positive consequence of migration, while 8.8% of the respondents were of the view 

that migration brings new ideas/innovation back to the community. In spite of the negative 

consequence of migration to the source region, there is also positive impact of migration. 

 
Table 4.12. Positive consequences of Migration 

Positive consequences No of Respondents % 

To get better education at their destinations 

To encourage investment and community development 

To make remittances back home 

To bring new ideas/innovations back to the community 

73 

33 

91 

19 

33.8 

15.3 

42.1 

8.8 

Total 216 100 
 Source: Fieldwork, 2010. 

4.3 Strategies Necessary for Combating Rural-Urban Migration. 

 

Table 4.13 shows the strategies to be adopted to combat migration. However, 42.1% of the 

respondents are of the view that the establishment of educational centres will help more in 

combating migration while 6% of the respondents were of the view that demilitarization of 

the area will help combat migration. Succinctly, there is need to combat migration applying 

all measures. 
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Table 4.13. Strategies to combat Migration 

Strategies No of Respondents % 

Establishment of higher educational centres 

Industrialization of the area 

Decentralization of government parastatals to the area 

Youth and women empowerment 

Demilitarization of the area  

91 

 

31 

 

60 

 

21 

 

13 

42.1 

 

14.4 

 

27.8 

 

9.7 

 

6 

Total 216 100 
Source: Fieldwork, 2010. 

4.4 Summary of Findings 

The following are the major findings: 

 

1. Females migrate more than the males in Ughievwen. However, most of these 

movements by women were marriage-related or to accompany spouses (Memon, 

2005). 

2. Migration is high in Ughievwen within the age cohorts of 15-25 years and 26-35 

years. More so, migration decreases with age, and this may be due to the higher 

psychological cost for migration associated with older people (Zhao, 1997). 

3. Most of the persons in the community had acquired just their basic education. 

Thus, most of them are willing to migrate to major cities to obtain higher 

education. It has been widely observed that the propensity to migrate increases 

with education (Connell et. al., 1976; Banerjee, 1986). More so, the study revealed 

that migration is affected by social economic, demographic and cultural factors 

(Rahman et al. 2007). 

 

The hypotheses revealed that migration is significantly dependent on social amenities in 

Ughievwen community which is evident at F value of 97.691 which is greater than the critical 

table value of 2.26. 

4.5 Recommendation 

Based on the foregoing, the following recommendations if implemented by policy makers 

and authorities concerned with population migration, would further help to reduce rural-urban 

migration. 

The study, therefore, recommends that functional social amenities such as electricity, pipe 

borne water should be provided in the rural areas. Good schools and qualified teachers should 

be made available in the rural areas. Agro-allied industries must be set-up in the rural areas to 

reduce rural-urban migration in order to provide job opportunities for the people of the rural 

area. The agricultural inputs and farming technologies should be introduced to the rural 

people to improve the production level. The good road should be constructed for the rural 

area and credit facilities should be provided for the rural people to improve their production 

level, which will lead to improvement in their standard of living.  
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Abstract 

Through the morphometric analysis of a three-dimensional Digital Elevation Model (DEM) 

of the Republic of Armenia (RA) at a 1:200000 scale, circular forms of the relief have been 

discovered by the authors of this article. The largest and the most distinctive ones have forms 

which have specific features of geomorphological structures and are described herein. 

Exposure in relief, features of geological and tectonic structure, spatial proximity of ore 

deposits and possible origin of several circular structures are discussed in the article. A map 

of spatial distribution of circular structures on the territory of the RA and large scale shaded 

relief maps of the most typical groups of circular structures and single structures are 

presented. 

Keywords: Geomorphology, Geomorphometry, Circular Structure, GIS, DEM. 

1. INTRODUCTION  

Circular type structures (or ring structures) are typical of the Terrestrial planets. On all the 

planets other than the Earth, they make up the basic structural pattern of the surface. These 

are mainly meteorite craters. Their number on the Earth is not so large. This is explained by 

the fact that because of the formation of strong layers of the atmosphere, only large meteoritic 

bodies reached the Earth's surface, smaller ones burned in the atmosphere. Moreover, the 

Earth, unlike the other Terrestrial planets is a "live planet", and both exogenous and 

endogenous processes of high intensity erase circular structures from the Earth’s surface, 

even those which are very young from a geological point of view. Nevertheless, quite a large 

number of them stand out on the Earth's surface through interpretation of satellite and aerial 

imagery, geomorphostructural and geomorphometric analysis, and in certain cases through a 

geophysical survey (Abramovic and Turkova, 2005). 

Circular structures (CS) of small and medium sizes on the Earth are divided into two 

major groups by the origin: endogenous and exogenous. Endogenous structures are circular 

volcano-tectonic structures, the zonal intrusions of the central type, granite-gneiss domes, 

https://www.muni.cz/sci
mailto:artakpiloyan@mail.muni.cz
http://www.geology.am/en/home
mailto:avagyan@geocom.am
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gneiss folded ovals, tectonic depressions, and calderas etc. Structures of exogenous origin are 

presented by impact craters, sinkholes and aeolian landforms etc. (Abramovic and Turkova, 

2005). Eppelbaum, L. V. gives a detailed classification of circular structures by the origin 

classified as terrestrial, extraterrestrial and archaeological. The terrestrial group includes 

magmatic, tectonic, metamorphic and erosion origin. The extraterrestrial type of CS includes 

impact calderas (Eppelbaum, 2007).  

Publications on the topic of CS mainly refer to the period of 1960-1980 when first there 

was wide access to aerospace photos taken of the Earth’s surface. The interpretation of the 

photos widely developed within these years and helped to state the fact of wide distribution 

of CS on the Earth’s surface. According to the interpretations of aerospace photos, small-

scale maps of CS were created and patterns of their spatial distribution were established. 

Through combined concomitant geological fieldworks expressions of them in the geological 

structure were found, as well as arguments for conclusions on the origin of a part of them. 

 Most publications on this topic are diverse from the point of details, the scope of territory 

observed and applied methods of investigation.  

A group of authors (Kats et al., 1989) published a detailed review on circular structures 

where examples of their geological (metamorphic, magmatic, tectonic) and cosmogenic 

origin were shown. As stated by the authors, CS have a varied and complicated structure. 

Drainage network within their limits often has a radial structure (diverging from the center in 

case of a convex form of the relief structure and converging – in the case of a concave form). 

They are characterized by a central core and complicated by a system of radial, concentric 

tectonic faults, segmental or continuously expressed in the relief. They also described circular 

structures the central part of which occupies the tectonic uplift or depression, while the 

periphery is limited by folded ridges and by intrusive massifs. 

An example of detailed CS analysis is the investigation of mega morphostructures in East 

Asia (Kulakov et al, 2000). The authors discovered series of gigantic ring-morphostructures 

(RM) along the eastern margin of the Asian continent with the diameter of from 1 - 2 to 3 - 4 

thousand kilometers. One of them is the Amur mega-RM which is more than 2500 km in 

diameter and covers the whole basin of the Amur River as well as series of small basins 

connected with the Seas of Okhotsk and Japan. A system of radial-concentric deep 

"framework" faults control the main features of the geomorphological and tectonic structure 

of the Amur RM. The authors considered that this morphostructure and other gigantic RM 

created in Precambrian have a spatial-genetic connection with the well investigated Amur-

Songhua-Huanghe lineament (ASHL) and developed simultaneously with it. 

According to the interpretation of aerospace photos and the results of morphostructural 

analysis of the relief in the territory of the Eastern Sayan, more than 500 ring structures with 

the diameter of 1-160 km are counted (Abramovic and Turkova, 2005). Using the details of 

large-scale geological maps the authors were able to date the age and describe the geological 

nature of most of the discovered structures.  

In the most part of the investigation, single CS were observed. For instance, circular 

structures with the diameter of 2-5 km in sedimentary formations of Saudi Arabia are 

described, presumably referring to the impact type (Stewart, 2015). The given author 

mentioned a group of about 100 CS the genesis of which is not defined yet. A circular 

structure of impact origin was discovered in Senegal using the Synthetic Aperture Radar 

(SAR) (Wade et al., 2001). Another single circular structure was discovered and described in 

southeastern Libya (Ghoneim, 2009). 

In different years circular geomorphological structures also were identified in the RA and 

in its surroundings, based on the interpretation of aerial and satellite images (Arakelyan, 

1978; Lukina et al., 1983; Ostroumova and Golynko 1983; Bondyrev, 2003). According to 

the results of recent scientific research, many regularly arranged relative to each other linear, 
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circular and helical elements observed in satellite images correspond to geological structures 

and have a tectonic origin and frequently occur during the evolution of the Earth's crust 

(Arakelyan, 1978). Several of them, according to remote sensing data and concomitant 

geological fieldwork, were assessed as morphostructures of tectonic origin. At the same time, 

the research of Alaverdi volcano-tectonic structure discovered concentric structures of 

different ages–calderas, the outer part of which is marked with arc-shaped faults 

(Ostroumova and Golynko, 1983). In the following years, investigators paid more attention to 

the investigation of lineaments in the territory of RA. Single circular structures were pointed 

out as well as, however, there has not been enough regular investigation on the identification 

and mapping, and currently only separate handwritten works and rare publications contain 

information on this topic. 

The given article presents the results of the investigation of circular structures. As a result 

of the geomorphometric analysis, the authors of this article have identified a number of 

circular features on the territory of the RA. The investigation aimed at identifying definite 

circular structures, mapping them, describing their features, highlighting peculiarities of their 

spatial distribution, systemizing on specified grounds and origin. 

2. STUDY AREA 

The Republic of Armenia is a typical mountainous country, the surface of which is a 

complicated combination of blocked, fold-blocked and volcanic mountains, alluvial plains 

and high-mountainous volcanic plateaus, canyon-shaped river valleys and lake hollows 

(Geol. of Arm. SSR, 1962).  

A typical characteristic of the hypsometry of the territory of the RAa is a sequence of four 

major geomorphological zones (from north to south) which are different in origin and altitude 

statistics: Those zones are 1) The Zone of Northern Fold-block Ranges and Intermountain 

Valleys, 2) The Volcanic Highland, 3) The Zone of Southern Fold-block Ranges and 

Intermountain Valleys and 4) Middle Araks Depression (Figure 1). 

 

 
Figure 1. Map of the Geomorphological Zones of the Republic of Armenia 

 

Based on the data of the hypsometric curve, we can say that the territory of the RA is a 

medium-altitude mountainous country dominated by absolute altitudes of 1300-2500 m 
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(Figure 2). The visual analysis of the hypsometric curve shows that 10.49% of the territory of 

the RA is situated at altitudes up to 1000 m, and almost half (47.84%) - from 1000 to 2000 m. 

Only 14.41% of the total territory are the areas situated above 2500 m. The highest point in 

the territory of the RA is the northern peak of mount Aragats – 4090 m; and no point is below 

390 m: the lowest points are in the valley of the Araks River at the state border with Iran. The 

average elevation of the territory is 1853.32 m (Avagyan,Yeritsian and Piloyan, 2010). 

 

 
Figure 2. Percentage hypsometric curve of the territory of the Republic of Armenia. 

 

It is worth mentioning that hypsometry of fold-block mountains usually develops by 

neotectonic movements which are differentiated in the RA (Zohrabyan, 1979). Within the 

individual blocks of the Earth's crust, they are expressed in different degrees of intensity and 

by different amplitudes. This phenomenon creates various elevation levels of relief for young 

mountains. During the formation of hypsometry of neovolcanic relief, along with the 

neotectonic movements, lavas and the tuff cover are also affecting. However, in the territory 

of the RA, their power is low (maximum a few hundred meters). For this reason, the main 

hypsometric levels in such kind of relief basically repeat the hypsometry of the relief which is 

below the lava cover (Zohrabyan, 1979). 
The relief of the territory of the RA on most of its territory is a succession of meso forms 

of relief. The Zones of Northern and Southern Fold-block Ranges and Intermountain Valleys 

and the main part of The Volcanic Highland are alternation valleys, ridges, crests, summits, 

passes, channels, pits, hollows and other geomorphological middle-level forms. 

3. GEOMORPHOMETRIC APPROACH FOR IDENTIFICATION OF CIRCULAR 

STRUCTURES 

The review of the published literature shows that circular structures in most cases were 

identified by the interpretation of satellite and aerial imagery and geomorphostructural 

analysis. For identifying and mapping CS the authors used geomorphometric maps - shaded 

relief, slope, aspect and horizontal curvature of the relief. Methods of geomorphometry can 

be used to analyze processes and phenomena in geomorphology, topography, landform 

identification etc. (Bates et al., 1998; Butler, 2001; Mokaram and Sathyamoorthy, 2015). 

Circular forms of relief are found on all types of maps, but usually, they are well identified on 

the color map of slope and aspect. Shary P. A. shows an example of delineation of CS in the 

Crimea on an aspect map (Shary et al., 2002). Such maps are effective for solving this 

problem because the intensity of the colors on the map indicates the gradual horizontal 
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change of the slope orientation that comprises the circular structures. The structure borders 

are defined by the line of terrain fold in a vertical plane that physically coincides with river 

beds or watersheds. 

The most common method for calculating the aspect for the raster models (Digital 

Elevation Models) is based on the calculation of the first derivative of Z '(X, Y), where Z is 

the absolute height, X and Y are the geographical coordinates (Borrough, 1998). Aspect at 

any point of DEM is calculated using the neighboring cells in the 3x3 window (Kernel 

method). A moving 3 x 3 window visits each cell in the input raster, and for each cell in the 

center of the window, an aspect value is calculated using an algorithm that incorporates the 

values of the cell's eight neighbors. As shown in Figure 3 the cells are identified as 

letters Z1 to Z9, with Z5 representing the cell for which the aspect is being calculated. 

 

 
Figure 3. Surface window model. 

 

The rate of change in the X and Y direction for cell Z5 are calculated with the following 

algorithms (Horn, 1981; Borrough, 1998): 
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Taking the rate of change in both the X and Y direction for cell Z5, aspect is calculated 

using: 
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In order to justify the fact that the discovered forms of relief are circular structures, the 

geological features were analyzed and described. Many researchers point out the spatial 

relationship of mineral deposits with circular structures. Particularly Kats, Ya. G. and his 

colleagues consider that at least 70-75% of all known deposits in the world are associated 

with circular structures (Kats et al., 1989). Spatial proximity of mineralization to CS is 

presented in this article. 

It is worth mentioning that different types of CS are differently expressed in the relief and 

in the geological structure. In this paper, we do not consider CS with a diameter greater than 

50 km. The problem of the origin of CS remains disputable. By increasing the diameter of 

CS, the accuracy of the determination decreases and from a certain size (150-270 km), these 

structures become difficult for genetic interpretation (Bondyrev, 1991). 

Origin of simple circular forms of terrain is more evident on the plan curvature map, 

formed by Pliocene – Quaternary (Holocene) non-eroded volcanic structures (Figure 4).  
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Figure 4. Volcanogenic CS on the horizontal curvature map. 

 

Volcanologists in the RA describe them as large fissure – linear strato-volcanoes and 

relatively small areal-monogenetic volcanic cones (Jrbashyan et al., 2012). It is common 

knowledge that circular, segmental, and radial fissures are related to formation of large 

volcanoes.  

4. RESULTS 

In the territory of RA more than 50 CS (Figure 5) are quite clearly seen, the diameter of 

which varies from 3 to 45 km. They are located both in the Northern and Southern fault-block 

mountain regions, and on the Volcanic Plateau. 

 

 
Figure 5. A three-dimensional relief map of the Republic of Armenia (scale of original 1: 200000). CS groups: 

1. Gugark-Virk, 2. Pambak-Tsakhkunyatsk, 3. Hrazdan-Geghama, 4.Vayk, 5. Kashatagh, 6. North Zangezur, 7. 

Meghri-Bargushat. Single CS: 8. Middle Aghstev, 9.Shirak-Pambak 

 

 In the Northern and Southern fault-block mountain regions CS are located in six basic 

groups and are called by the geographic location: Gugark-Virk, Pambak-Tsakhkunyats, 

Vayk, Kashatagh, North Zangezur, Meghri-Bargushat, two single CS – Shirak-Pambak and 

Middle Aghstev are also identified. By age, they are divided into the Precambrian, Lower 
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Paleozoic, Upper Paleozoic-Mesozoic, and Lower Cenozoic. Among the geological-

morphological types there are highlighted granite-gneiss domes, volcano-tectonic uplifts, 

intrusive bodies, tectonic depressions (Table 1). The form, structure, size and spatial relation 

with ore deposits of the selected structures, according to the numbering on the map of the RA 

(Figure 5) are described below. 

 
Table 1. Classification of circular structures (CS) in the RA 

CS number 

according to 

Figure 5 

Factor of classification 

Age 

Geological-

morphological 

structure 

Spatial distribution 

1 
Upper Mezosic-

Canozoic 

Volcano-tectonic 

dome uplift, 

Intrusive bodies 

Dominant large structure 

with small satellites  

2 
Precambrian - 

Lower Paleozoic 

Granite-gneiss 

dome, covered by 

volcanogen 

sediments 

Group distribution 

3 
Upper Mezosic-

Canozoic 
Not defined 

Dominant large structure 

with small satellites 

4 
Upper Mezosic-

Canozoic 

Volcano-tectonic 

dome uplift 
The spiral distribution 

5 Not defined Not defined 
Intersecting 

distribution 

6 
Upper Mezosic-

Canozoic 

Horst-anticline 

uplift 

Intersecting 

distribution 

7 
Upper Paleozoic-

Mesozoic 

Volcano-tectonic 

dome uplift, 

Intrusive bodies 

Dominant large structure 

with small satellites 

8 Lower Canozoic 
Tectonic 

depression 
Single structure 

9 
Upper Mezosic-

Canozoic 

Tectonic 

depression 
Single structure 

 

1. The Gugark-Virk CS group consists of two large structures, with the diameter of 45 and 

20 km as well as more than 6 CS with smaller sizes (with the diameter from 4 to 15 km). 

Several other CS intersect with the main structure of the Gugark-Virk group from the north-

east (Figure 6).  
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Figure 6. The Gugark-Virk CS group on aspect map 

 

The main structure of the Gugark-Virk CS group is dome uplift, folded Eocene volcanic 

and sedimentary rocks – diabase porphyries, quartz porphyries and limestone, and Upper 

Cretaceous and Eocene intrusive rocks – gabbro-porphyries and gabbro-diorites. The Gugark-

Virk CS forms the following geomorphological units: from the south and south-east – the 

Gougark Mountains, from the north and north-east – Lalvar and Ledzhan missives of the 

Virahayots ridge and from west – the Eastern Bazum ridge. This group of CS is located in a 

zone between two ancient (Permian) deep faults of north-east trending. Through the center of 

the CS the young tectonic fault (Neogen-Quaternary) of north-west trending passes (National 

Atlas RA, 2007). Within this group of CS industrial deposits of Alaverdi, Shamlugh (Cu), 

Teghut (Cu, Mo), Mghart (Au), Akhtala (polymetallic) are localized. 

2. In the Pambak-Tsakhkunyats group, there are ten CS (Figure 7) with the diameter of 3 

km to 8 km.  

 

 
Figure 7. The Pambak-Tsakhkunyats CS group on aspect map 

 

The area is composed of Precambrian - Lower Paleozoic metamorphic and crystalline 

rocks (gneiss, schist, marble, and migmatites) that are intruded by basic and acid intrusions. 

These formations are covered by Upper Cretaceous and Paleogene sediments and Miocene-

Pliocene lavas and tuff breccias (Gabrielyan, 1959; Aslanyan, 1958). The horst uplift of 

Arzakan crystalline massif is located at the base of the Pambak-Tsakhkunyats CS group 
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which forms an anticline fold and is bounded by the major faults on the north-east, south-

west and south-east. The Pambak-Tsakhkunyats CS group tends Ankavan (Cu, Mo), 

Gyuladara (Fe), Perevalnoe (Au), Tukh-Manuk (Au, Ag), Tezhsar (Al) deposits. 

3. The Hrazdan-Geghama CS group is situated in the central part of the RA. It consists of 

one large circular structure (47 km), two smaller structures in the center and one intersecting 

structure in the south-west part of the group. This group is formed by the central and northern 

part of the Geghama highlands from the east, the Voghjaberd ridge from the south and the 

Kotayk-Hrazdan volcanic plateau from the west and southern part of the Tsakhkunyats ridge 

from the north. The geological-morphological structure of this group is not clearly defined. 

Most probably the core of the Hrazdan-Geghama CS group is the eastern wing of the 

Geghama anticline. The base of the given structure are the Upper Pliocene dolerite lavas, 

covered by the young Quaternary lavas. 
4. There are three CS in the Vayk group, the largest of which has a diameter of 41 km. The 

other two smaller CS - 14 km and 24 km in diameter are located concentrically within the 

first. This group includes the eastern segment of the Vayk ridge and the south-western part of 

the Vardenis Highlands. In the base of this group from the north lies the south wing of the 

Vardenis domed uplift, covered by Neogene and Pleistocene lavas, and from the south lies 

the north wing of the Urts - Ayotsdzor anticlinoria, which is composed of Upper Paleozoic, 

Cretaceous and Eocene limestone, marl, sandstone and volcanic-sedimentary strata (Geol. of 

Arm. SSR, 1962). The central part of the group is covered by Quaternary basalts and basaltic 

andesites. Martiros (Mn), Kaputsar (Au), Kakavasar (Au, Ag), Karmrashen (Mn), Gazma 

(Au), Azatek (Au, Ag) deposits are confined to the Vayk CS group. 

5. The Kashatagh group consists of three large and several smaller CS which are extending 

from east to west like a chain. The contours of the CS are formed of ridges of Mrav and 

Artsakh mountains. In this node the largest diameter of CS is 19 km, the smallest one is 4 km. 

Only a small part of the Kashatagh group is in the territory of the RA. 

6. The North Zangezur group is located to the south of the Vayk CS. There are two 

structures with a diameter of 22 km and 25 km. These are Nakhichevan (almost entirely 

located outside the RA) and the North Zangezur CS. The North Zangezur CS has a fault-

block structure and represents horst-anticline uplift, composed by Eocene and Pliocene rocks. 

There are also occasional outputs of the Quaternary and Pliocene lacustrine and fluvial 

sedimentary formations. The East CS of the group intersects with the old deep fault. The gold 

- polymetallic deposits of Marjan (Au, Ag) and Mazmazak (Pb, Zn, Au, Ag) are associated 

with the North Zangezur CS group. 

7. The Meghri-Bargushat CS group with the diameter of 24 km includes the following 

morphological units: the Bargushat ridge – in the north, the middle part of Zangezur ridge – 

in the west and the north ridges of the Meghri ridge – in the south. The Meghri-Bargushat CS 

is composed of sedimentary and volcanic rocks of the Paleozoic, Mesozoic and Paleogene, 

among which small intrusive bodies are occasionally seen. From the north of the CS, a deep 

fault passes. With the Meghri-Bargushat CS are associated the Kajaran (Cu, Mo), Pkhrut, 

(Au, Ag, Pb, Zn) Ankasar (Mo, Cu) deposits (Figure 8). 
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Figure 8. The spatial relationship of ore deposits with the Meghri-Bargushat CS group 

 

8. The Middle Agstev CS has a small diameter of about 12 km. It is clearly expressed in 

the relief and well reflects the specific structure of the drainage system. The central part of 

this structure coincides with the Dilijan depression and the edges of its frame with the Halab 

ridge in the north and with the Miapor ridge from the south. Most of the CS area is covered 

by volcanic rocks - sandstones, clays, tuffs, basalt flows of the Middle Eocene. In the north of 

the CS marine sedimentary and volcanogenic-sedimentary formations of mid-Jurassic age are 

a common sight. 

9. The Shirak-Pambak structure is located in the upper valley of the river Pambak. From 

the north, it is limited by the southern slope of the small Shirak ridge, from the south by the 

north slope of the Pambak ridge. From the west, it is closed by the meridional Dzhadzhur low 

ridge, which is the extreme north-western spur of the Pambak ridge. The structure in the 

periphery is composed of sedimentary and volcano-sedimentary rocks of the Upper 

Cretaceous, Paleocene and Eocene, and in the center, it is composed of the high thicknesses 

alluvial-lacustrine sediments of the Pliocene. Tectonically the Shirak-Pambak structure is а 

depression with 13-15 km long and 12 km wide which somewhat elongated in the latitudinal 

direction. 

5. CONCLUSIONS 

CS on the Earth’s surface have been familiar to scientists since a long time ago, yet intensive 

studies of them and publication of the results were realized in the years 1970-1990 connected 

with the appearance of the opportunity of using data of remote sensing. The development of 

the methods of geomorphometric analysis gives additional opportunities for direct 

identification of the form and the structure of the Earth’s surface as a property of a physical 

body. The geomorphometric analysis which uses DEM to study CS is promising also for the 

reason that it allows a quantitative description and characterization of shapes and structures 

of relief.  

Based on satellite and aerial imagery interpretation some single CS were identified in the 

territory of the RA and also it was suggested that many regularly located to each other linear, 

circular and helical shaped elements which were observed, correspond to geological 

structures and have tectonic origin and frequently occur during the evolution of the Earth's 
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crust. It is worth mentioning that targeted research in the given direction did not take place 

later on in the RA. 

The analyses of geomorphometric maps showed that the circular forms of the relief are not 

unique objects, but commonly shown results of the crust-forming processes. The features of 

the CS found in the RA correspond to the structure description given in the published 

literature. One is that the central part of the CS is often tectonic uplift or depression, but it is 

limited by the periphery of folded ridges or intrusive missives. Radial linear structures are 

clearly distinguished on the map of the aspect. A concentric and chained-location, as well as 

a mutual intersection of CS was found, not previously described in literature. 

The spatial relationship was revealed between endogenous hydrothermal mineralization 

and CS. The connection is expressed in the fact that within the boundaries of CS there are 

large industrial ore deposits of common formational types: Cu-Mo, Cu-pyrite, Au-

polymetallic and others. The revealed relationship indicates the endogenous origin of CS. 

Evidence was found that CS most probably are controlled by tectonic faults. In particular, 

known ancient deep faults of north-east trending in the territory of the RA, bound the Gugark 

–Virk group of CS from the north and the south, and other CS – from the north.  

Accordingly, the given facts help us conclude that CS are an essential element of the 

geomorphological and geological structure of the territory of the RA. 
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Abstract 

Cases of water-associated diseases and deaths have been reported globally especially in 

developing countries. Thus, a research was conducted to assess the quality of underground 

sources in a growing urban centre, in Osun State, Nigeria. A sample of well water, that each 

one was collected from each of the 15 political wards across the five quarters in the town. 

Physico-chemical parameters were determined and analyzed using standard laboratory 

techniques. Factor analysis was used to determine the dominant water quality parameters. 

The results revealed that Nitrate, Phosphate, Sodium, potassium, Calcium, Sulphate, pH, 

Total Alkalinity, Total Suspended Solids, Total Hardness and Total Dissolved Solids are 

generally within the maximum permissible limits. Temperature, Electrical Conductivity, and 

coliform counts were generally above the acceptable limits. The results showed that 

underground water sources are susceptible to contaminations. It is recommended that proper 

treatment of the water should be carried out before consumption to safeguard human health. 

 
Keywords: Water quality, Pollution sources, urban centre, Human health, Osun State. 

1. INTRODUCTION 

Periodic assessment of water quality is highly imperative and also recommended to ensure 

that man consumes safe water that will guarantee his health. It is a fact that both surface and 

subsurface sources are available for man’s varied uses. The fact that these sources are open to 

pollutants which often distort the integrity of such water has made it important that their 

qualities are assessed over time and space. For instance, Olimax and Sikorska (1975) and 

Piecznska et al. (1975) among other publications noted that the addition of various kinds of 

pollutants and nutrients through industrial sewage, agricultural run-off etc. into the water 

bodies brings about a series of changes in the physicochemical and characteristics of water. 

Apart from this, fresh water resource, according to Mahananda et al. (2005), is becoming 

day-by-day at the faster rate of deterioration especially its quality, the issue which is now a 

global problem. Mahananda et al. (2010) in buttressing this observation stated that the 
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discharge of toxic chemicals, over-pumping of aquifers and contamination of water bodies 

with a substance that promote algae growth are some of the today’s major causes of water 

quality deterioration.  

According to Vollenwider (1998), the consequences of these contaminations in water, 

especially surface sources include: bad taste, bad odour, unattractive colour, water hardness, 

staining or frothing and corrosiveness. The man has thus, as an alternative, resorted to the 

exploitation of underground sources. This source has become increasingly important 

especially in developing nations because of its fair quality. It is less open to pollutants and 

when even contaminated water is introduced to the surface of the earth, it undergoes natural 

treatment in the course of infiltration before it replenishes or added to the antecedent 

groundwater. However, the indiscriminate location of well/boreholes and anthropogenic 

activities could lead to its pollution especially from domestic effluents (Meena and Bhargava 

(2012). 

It has been discovered that there is a relationship between quality of underground water 

and the geology of an area (Johnson (1975), Adediji (2005), and Abdulahi et al. (2011). In 

addition, Abdulahi et al. (2011) stated that pollutants may be introduced into underground 

water through anthropogenic discharges which include home effluents, airborne particles, 

especially in unprotected hand-dug wells. The consequences of consuming such 

contaminated water are evident in various water-associated diseases such as typhoid, 

dysentery, schistosomiasis among others and even deaths. World Health Organization 

(WHO) (1997) reported that 40% of deaths in developing nations are water-related. Similarly, 

WHO (2004) noted that 5 million children died annually for consuming water of poor quality 

while an estimated 500 million cases of diarrhoea, according to WHO (2011) occur every 

year in children below 5 years in parts of Asia, Africa, and Latin America.  

In Nigeria, cases of deaths and diseases associated with consumption of water of poor 

quality have been reported. For instance, National Bureau of Statistics (2009) reported that 

444, 484 and 10432 cases of typhoid fever among other cases were respectively reported in 

2003, 2004 and 2005 in Oyo State. Similarly, Ezenwaji and Otti (2013) reported that the poor 

quantity and quality of water supply to various communities in Anambra State are 

responsible to some level of mortality of pregnant women as noted from the contribution of 

water-related diseases of 32.4% to the problem. Other cases of water-associated diseases 

were equally reported by various researchers in Osun State (Fadare and Olawuni, 2008), 

Ogun State (Anake et al. 2013), and Niger Delta (Nwidu et al. 2008). 

It has therefore become imperative that the quality of water is closely monitored so that 

human health can be safeguarded. This research examines the quality of underground water 

in Iwo. 

2. STUDY AREA 

This study was carried out in Iwo, the headquarters of Iwo Local Government Area (LGA) in 

Osun State, Nigeria (Figure 1). Iwo has an area of 245km2 with a population of 191,348 

according to 2006 population census (National Population Commission (NPC), 2006). It is 

located between on the coordinates of 7o38’N and 4011’E. 
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Figure 1. Map of Nigeria showing the location of Osun State. 

 

Iwo is divided into 4 quarters namely Gidigbo, Isale-Oba, Molete, Oke-Adan and Oke-

Oba out of which 15 political wards were carved out. While Gidigbo, Molete, and Oke-Adan 

has 3 wards each, Isale-Oba and Oke-Oba has 4 and 2 wards respectively. Its agriculturally 

rich advantage makes it a major trading centre for cocoa, kola nuts, foodstuffs, meat and 

timber. The popular Odo-Ori market attracts traders from within and outside the State. Iwo is 

also strategic because the railway tracks from Ibadan passes through the town which helps the 

commercial and economic development of Iwo and its suburbs. The major source of potable 

water in Iwo is from Aiba Water Reservoir located within Government Forest Reservation 

Area in the town. This Water Works has not been able to discharge its responsibilities as 

expected, the problem linked to poor management, poor maintenance culture, corruption and 

also increase in the population of the area. The town has witnessed a tremendous increase in 

the population especially since the inception of such institutions as Bowen University, 

Reality Radio-Vision station, Sharia College of Nigeria and the Oloba Cattle Hub. The 

persistent erratic supply of water from the Water Works and the quest for another alternative 

have led to the exploitation of underground and surface sources.  

3. METHODS OF STUDY 

3.1 Data Collection and Analysis 

A sample each was collected from each of the 15 wards in Iwo LGA for water quality and 

bacteriological studies. Samples were collected in 2L plastic bottles that have been previously 

soaked in 10% nitric acid for 48 hours and rinsed with distilled water. The containers were 

rinsed three times on the site with well water before collecting the water samples. All samples 

were filtered with cellulose acetate filters before transporting to the laboratory. The samples 

were stored in the refrigerator prior to analysis in order to ensure the physical properties were 

maintained. The results of laboratory analysis were assessed and compared with the 

internationally acceptable standard. Also, a multivariate statistical method was used to 

determine the parameters of water quality that dominate the explanation of the underground 

water in the study area. 
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3.2 Determination of Physico-chemical parameters 

All the reagents used were of analytical grade and the instruments were pre-calibrated 

appropriately prior to measurement. PH, Water temperature, and electrical conductivity were 

determined in-situ using Tester II dual range meter (Eutech instruments, Malaysia) after 

calibrating with a standard buffer solution of 4 and 10. Sulphate, Phosphate and Nitrate, Total 

Alkalinity (TA), Total Suspended Solids (TSS), Total Dissolved Solids (TDS) and Total 

Hardness (TH) were determined by the procedure described by Ademoroti (1996). Sodium, 

Calcium and Potassium were determined using a flame photometric technique (APHA, 

1998). The coliform count was carried out using three tube array of the Most Probable 

Number (MPN) technique using MacConkey broth. 

4. RESULTS AND DISCUSSION 

The results of the analysis are presented in Table 1a, 1b. 

 
Table 1a. Physico-chemical contents of underground water in Iwo. 

S/No Name of 

Quarters 

WARD 

NO 

pH Temp 

(oC) 

EC 

(uScm-1) 

PO4
3- 

mg/L 

SO4
2- 

mg/L 

Na mg/L K mg/L 

1  
Gidigbo 

WARD1 6.52 26.90 230 0.007 0.014 0.053 0.048 

2 WARD2 6.92 26.10 270 0.010 0.051 0.042 0.028 

3 WARD3 7.10 28.50 260 0.025 0.026 0.047 0.082 

4  

 
Isale-Oba 

WARD4 7.02 28.40 160 0.016 0.012 0.008 0.040 

5 WARD5 7.17 28.00 90 0.021 0.030 0.061 0.081 

6 WARD6  6.99 26.10 270 0.028 0.111 0.062 0.077 

7 WARD7 7.09 26.40 230 0.013 0.041 0.039 0.048 

8  

Molete 

WARD8 6.50 27.90 280 0.020 0.021 0.038 0.020 

9 WARD9  6.80 26.50 160 0.029 0.059 0.053 0.042 

10 WARD10 7.12 28.40 270 0.017 0.020 0.083 0.047 

11  

Oke-Adan 

WARD11 8.17 26.90 190 0.011 0.036 0.023 0.019 

12 WARD12 7.13 27.90 50 0.015 0.048 0.033 0.065 

13 WARD13 6.43 28.00 190 0.028 0.060 0.043 9.046 

14  

Oke-Oba 

WARD14 6.90 28.40 100 0.019 0.033 0.011 0.030 

15 WARD15 6.99 28.10 150 0.20 0.040 0.028 0.033 

Source: Authors’ fieldwork (2014) 

 

Table 1b. Physico-chemical contents of underground water in Iwo. 

S/N

o 

Name of 

Quarters 

WARD 

NO 

Ca 

mg/L 

NO3
- 

mg/L 

TH 

mg/L 

TDS 

mg/L 

TSS 

mg/L 

Alkalinity 

mg/L 

Coliform 

count 

(MPN/100ml) 
1  

Gidigbo 

WARD1 0.073 0.033 420.0 81.0 200 240.0 93 

2 WARD2 0.062 0.021 248.0 184.0 200 437.50 9 

3 WARD3 0.033 0.020 315.0 122.0 400 160.00 3 

4  

 
Isale-Oba 

WARD4 0.031 0.017 406.0 44.0 200 225.00 4 

5 WARD5 0.028 0.018 268.0 40.0 200 160.00 93 

6 WARD6 0.081 0.016 385.0 120.0 200 240.00 9 

7 WARD7 0.058 0.018 450.0 100.0 0.00 160.00 0 

8  

Molete 

WARD8 0.043 0.012 315.0 90.0 200 125.50 9 

9 WARD9 0.055 0.012 450.0 124.0 200 160.00 0 

10 WARD10 0.043 0.021 406.0 120.0 400 240.00 15 

11  
Oke-Adan 

WARD11 0.017 0.009 375.0 40.0 600 240.00 0 

12 WARD12 0.082 0.009 408.0 120.0 200 225.00 9 

13 WARD13 0.058 0.013 248.0 120.0 0.00 160.00 7 

14  

Oke-Oba 

WARD14 0.023 0.011 248.0 100.0 400 281.0 23 

15 WARD15 0.011 0.014 420.0 90.0 200 200.0 0 

Source: Authors’ fieldwork (2014) 

 

(1) pH: This is a measure of the intensity of acidity or alkalinity, and the concentration of 

hydrogen ion in water. The pH values of the underground water as presented in Figure 2 

range between 6.43 in Ward13 and 8.17 in Ward11. This implies that the water is alkaline 
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and fall within the limit recommended by the World Health Organization (2005). Mahananda 

et al. (2001) had attributed the alkaline nature of water to a high temperature which reduces 

the solubility of CO2. 

 

 
Figure 2. pH status of the borehole water sample 

 

(2) Electrical Conductivity (EC): This is a measure of the capacity of water to conduct 

electric current. Prakash and Somashekar (2006) had observed that ground water tends to 

have high EC when compared to the surface water because of the presence of high amount of 

dissolved salts. According to the results as shown in Figure 3, the EC range between 

150µʃcm-1 in Ward12 and 280µʃcm-1 in Ward8.  

 

 
Figure 3. Electrical Conductivity of the Underground Water (uScm-1) 

 

This is generally high when compared with the maximum Permissible of 250µʃcm-1 by 

WHO recommendation. The generally high values may be attributed to the running and 

domestic effluents which contain dissolved solids. 

(3) Temperature: The temperature of the underground water ranges from 26.1oC in 

Ward6 to 28.5oC in Ward3. This is shown in Figure 4.  
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Figure 4. Temperature of the underground water (oC) 

 

This is quite high exceeding the maximum standard of 25oC recommended by WHO 

(2005). The Implication of this result is that there is room for the growth of algae and other 

microorganisms in water. The high temperature in the borehole is similar to Chukwu (2008). 

The high temperature could be attributed to the depth of the water as also observed by 

Mahananda et al. (2010). 

(4) Total Dissolved Solids (TDS): This reveals the general nature of water quality or 

salinity. TDS concentrations values as shown in Figure 5 range from 40 in Ward11 to 800 

mg/L in Ward3 and Ward14. This parameter is generally low except in lieu of 500mg/L 

standard. However, Ward2, Ward5, Ward7, Ward9 and Ward15 were exceptionally high with 

800mg/L, 1400mg/L, 1600mg/L, 1200mg/L and 800mg/L respectively.  

 

 
Figure 5. Total Dissolved Solids in the underground water (mg/L) 

 

The high contents of TDS has been found to reduce the palatability and may cause gastro-

intestinal irritation in man (see Rabinove et al., 1958 and Mor et al., 2006). High TDS 

contents could be attributed to the release of contaminants into the underground water which 

is mainly of carbonates, bicarbonates, chlorides, Phosphates, and nitrates of Calcium, 

Magnesium, Sodium, Potassium and manganese, organic matter, salt and other particles 

Mahananda et al. (2010). 

(5) Total Hardness (TH): Hardness in water, according to Jafar and Loganathan (2012) is 

caused by carbonates, fluorides and Sulphate of Calcium and magnesium. The dominant 

cations include calcium, magnesium, strontium, ferrous and manganese ions. The TH in the 
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study area ranges from 248mg/L in Ward2 and Ward14 to 450mg/L in Ward7 and Ward9. 

This is presented in Figure 6.  

 

 
Figure 6. Total Hardness of the underground water (mg/L) 

 

The TH is generally within 500mg/L limit recommended. Jafar and Logonathan (2012) 

observed that the hardness may be advantageous in certain conditions if the corrosion in the 

pipes by forming a thin layer of scale and reduces the entry of heavy metals from the pipe to 

the water (Shrivasatva and Patil, 2002). 

(6) Total Alkalinity (TA): The results as presented in Figure 7 show that TA of the 

underground ranges from 125mg/L in Ward8 to 437mg/L in Ward2.  

 

 
Figure 7. Total Alkalinity of the underground water (mg/L) 

 

The high alkalinity impacts water with unpleasant taste and may be deleterious to human 

health with high pH, TDS, and TH (Jafar et al. 2012). According to Mahananda et al. (2010), 

the alkalinity of water is caused mainly due to OH, CO3, HCO3, ions. It is an estimate of the 

acidity of water to resist change in pH upon addition of acid. 

(7) Nitrate: The results shown in Figure 8 show that the nitrate contents range from 

0.009mg/L in both Ward11 and Ward12 to 0.033mg/L in Ward1 indicating the borehole 

water have been affected by nitrate.  
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Figure 8. Nitrate concentration of the borehole water 

 

The main sources of nitrates is groundwater according to Agrawal et al. (1999) include 

human and animal wastes, application of fertilizers and chemicals, seepage and silage 

through the drainage system. The nitrates values in the boreholes studied fall below the 

10mg/L maximum permissible by WHO, thus making water safe consumption from nitrate 

point of view. Nitrate content above the maximum permissible is dangerous to pregnant 

women and poses a serious health threat to infants between 0 and 6 months according to 

Mahananda et al. (2010) and WHO (2011). 

(8) Sulphate: According to Figure 9, sulphate concentration in the well water range 

between 0.012mg/L in Ward4 and 0.111mg/L in Ward6, which extremely below the 

200mg/L acceptable standard (WHO 2005).  

 

 

 
Figure 9. Sulphate concentration of the borehole water (mg/L) 

 

A sulphate ion is one of the major anions occurring in natural waters many of which are 

readily soluble in water. (Jafar et al. 2012). It was further stated that most of the sulphate 

components originate from the oxidation of sulphite ores, the presence of shales and the 

solution of gypsum and anhydrite. It was also observed that sulphate ion is reduced to 

sulphate ion under anaerobic conditions which establishes equilibrium with hydrogen ion to 

form hydrogen sulphide. 

(9) Phosphate: The results as shown in Figure 10 show that PO4 values range between 

0,.007mg/L in Ward1 and 0.029mg/L in Ward9 which were well below the permissible limit. 
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Figure 10. Phosphate concentration of the borehole water (mg/L) 

 

Phosphate according to Jafar et al. (2012) enter the groundwater from phosphate-

containing rock fertilizers and percolation of sewage and industrial wastes. According to 

Jafar et al. (2012), phosphate rock which is primarily tricalcium phosphate (Ca3(PO4)2 and 

apatite, (CaF2.3Ca3(PO4)2) is sparingly soluble in water. 

(10) Sodium: The result as presented in Figure 11 show that sodium contents range from 

0.008mg/L in Ward4 to 0.083mg/L in Ward10 , the values which were well below 200mg/L 

upper limit permissible by WHO (2005).  

 

 
Figure 11. Sodium concentration of the underground water (mg/L) 

 

Sodium plays an important role in the human body according to Jafar et al. (2012). It was 

further stressed that the flux of these ions through cell membrane and other boundary layers 

send signals that turn metabolic reactions on and off. 

(11) Potassium: The results of potassium concentration as presented in Figure 12 ranges 

from 0.019mg/L in Ward11 to 0.082mg/L in Ward3.  
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Figure 12. Potassium concentration of the underground water (mg/L) 

 

These equally fall below the maximum limit permissible of 12mg/L by WHO standard. 

According to Jafar et al. (2012), sodium and potassium concentrations are influenced by the 

cation exchange mechanism. The results imply that the water is safe for human drinking from 

the viewpoint of potassium contents. Where the potassium content in water is in excess, the 

consumption of such water poses a health threat as it may lead to nervous and digestive 

disorder (Raja and Venketesan, 2010). 

(12) Calcium: Jafar et al. (2012) observed that calcium is essential for nervous system and 

for the formation of bones and teeth. The results showed that the calcium ranges from 

0.011mg/L in Ward15 to 0.082mg/L in Ward12. This is presented in Figure 13. These imply 

that the calcium content in the well water is within the limit recommended by WHO of 

75mg/L.  

 

 
Figure 13. Calcium concentration of the underground water (mg/L) 

 

Calcium ions presence in groundwater is particularly derived from leading of limestones, 

dolomites, gypsum, and anhydrite. However, calcium ion is also derived from cation 

exchange process according to Krihnakumar et al. (2009). It is noted that the excess of 

calcium ion causes kidney or bladder stone and irritation in urinary passages. 

(13) Total Coliform: The result presented in Figure 14 show that the coliform count 

ranges from 0ml/100ml in Ward7, Ward11, and Ward15 to 93ml/100ml in Ward1 and 

Ward5. The generally high values of the coliform count in the study area are the indication of 

increasing pollution of the underground sources by organic means especially through the 

discharge of sewage and domestic effluents into the underground water.  
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Figure 14. Coliform count of the underground water (100/ml) 

 

This value generally exceeds the limit permissible by WHO (1984), the findings, which 

suggests that the well water samples examined here are not safe for human consumption (see 

also Adejuwon et al. (2011) and to Odeyemi et al. (2011).  

(14) Total Suspended Solids (TSS): The results shown in Figure 15 show that TSS values 

range from 0mg/L in Ward7 and Ward13 to 600mg/L in Ward11 well below 500mg/L 

maximum permissible by Nigerian Industrial Standard (NIS) (2008).  

 

 
Figure 15. Total Suspended Solids concentration of the underground water (mg/L) 

 

Apart from the value in Ward 11, the TSS is generally low, the result in agreement with 

Wahab et al. (2012). American Public Health Association (APHA) (1989) had stated that 

water high in suspended solid may be aesthetically unsatisfactory for bathing. The effect of 

the presence of total suspended solids in the turbidity due to silt and organic matter. Low TSS 

concentration in the borehole studied indicates that the water is averagely free of pollutants.  

 

4.1 Sources of pollution to the underground water 

The results of factor analysis as presented in Table 2 revealed that the dominant parameters 

of the underground water in Iwo town are temperature, coliform count, pH, potassium, 

electrical conductivity and total hardness with their respective factor loadings of 85.6, 80.7, 

92.5, 89.7, 92.6, 92.0.  

 



European Journal of Geography Volume 7, Number 3:71 - 85, September 2016 

©Association of European Geographers 

 

European Journal of Geography-ISSN 1792-1341 © All rights reserved                                                                                82 

Table 2. Water Quality Factor Loadings and % Variance as generated from Factor analysis 

S/No Water Quality 

parameter 

Loading % Variance % 

Cumulative 

Variance 

1 Temperature 85.6 18.10 18.10 

2. Coliform Count 80.7 16.73 34.85 

3. pH 92.5 15.00 49.83 

4. Potassium 89.7 14.63 64.46 

5. Electrical Conductivity 92.6 12.40 76.86 

6. Total Hardness 92.0 10.50 87.36 
Source: SPSS-generated 

 

The 6 physicochemical parameters which were extracted from the 14 parameters analysed 

dominates the explanation of the quality of the underground water in the study area up to 

87.36%. Table 2 shows that temperature contributed 18.10%, coliform (16.73%), pH 

(15.0%), potassium (14.63%), electrical conductivity (12.40%) and total harness (10.50%). 

The general implication of this result is that there are contaminations and also leakage of 

faecal remnants which possibly indicates that the underground sources are close to dumping 

sites, septic tanks and possibly through erosion. This is also in agreement with the findings of 

Donga M et al. (2007) and Basamba et al. (2013). Thus, effort should be geared towards 

minimizing the concentration of these dominant parameters for the safety of man. 

5. CONCLUSION 

An assessment of the quality of the underground water sources was conducted in Iwo town. 

The result showed that most quality parameters are within the permissible standard 

recommended by WHO and NIS. However, there is slight exception especially the 

temperature and the coliform counts of the water which are generally above the acceptable 

maximum. Likewise, 6 parameters were extracted by factor analysis namely temperature, 

coliform count, pH, potassium, electrical conductivity and total hardness. It is suggested that 

constant monitoring of the water quality is required to checkmate increase in the 

concentration especially the coliform count. Treatment of the water in the study area is 

required before consumption in order to safeguard human health.  
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Abstract 

The present paper focuses on some observations and distinct findings about the formation and 

morphological characteristics of alluvial fans deposit in the Rangpo basin. Three alluvial fans 

have been taken under the study. It is an ample scope for studying the evolution and 

developmental strategies of alluvial fans being originated by both endogenetic and exogenetic 

forces. The geometry of fans are mainly controlled by the relating factors like relief, climate, 

lithology and the hydrographic characteristics of the streams. Fan development is a result of 

complex interaction of climate and tectonism being influenced by open hydrological system. 

It is observed from the study that the surface slope of the three coalesced fans being very 

steep has been carved out into agricultural terraces which are cultivated on a regular basis. 

 
Keywords: Exogenetic, Fan Head, Fan Boundary, Boulder, Terrace, Fan Surface. 

1. INTRODUCTION 

A fan shaped mass of sediment especially silt, sand, gravel, and boulders, deposited by a river 

when its flow is suddenly slowed. It is a depositional landform of the lower course of the 

river. The present paper point out about ‘The Formation and Morphological Characteristics of 

Fan Deposits in the Rangpo Basin’. The detail study about the nature and development of 

alluvial fans is concerned with the morphological arrangements and mode of occurrences 

both in a quantitative as well as qualitative. The mountain streams are debouching out on a 

flat plain, deposits its load, building up an alluvial fan. The geometry of fans is mainly 

controlled by the relating factors like relief, slope, climate, parent material, lithology and the 

hydrographic characteristics of the streams. It is an ample scope for studying the evolution 

and developmental strategies of alluvial fans being originated by both endogenetic and 

exogenetic forces.  

There are several macro and micro fans have developed over the entire elongated 

Himalayan foothills of Sikkim with spectacular land use development being influenced by 

slope, water velocity, carried materials etc. The alluvial fan deposits are coarse grained 

poorly sorted and immature sediments. Usually boulders and gravels predominate with 

subordinate amounts of sand, silt and sometime clay. The size of materials is large and 

process of soil formation is hampered by regular flood deposits. The developments of fans 

are controlled by some integrated factors like: slope, climate, parent material, decrease of 

velocity etc. The piedmont zone of the foothills is well marked by the development of alluvial 

fans. This fan areas are also marked by variabilities of land use mainly agriculture is 

developed over the fertile alluvial deposits on which soil layers have prominently developed. 

mailto:hellosaidur@gmail.com
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The main objectives of this study are to identification the morphological characteristics of 

the fans and to find out their spatiality variability. The study also analyzes the materials and 

sizes of the fans. The present researcher tries to understand the uses of alluvial fans of that 

region.  

2. LOCATION 

The Rangpo River is a right bank tributary to the Tista River at Rangpo town. It rises along 

the ridge on the international boundary between India and China at an elevation of 15509 ft 

of Nakchok Peak. Our area of field work is located somewhere in the immediate west of the 

confluence point at an around (27°12’18”N and 88°38’37”E). In the study area the Rangpo 

valley is wide open with a forest area along the left bank and a cultivated landscape around 

the right bank. However the cultivated area is not continuous and it mainly covers the area 

belonging to the alluvial fans and the river terraces. 

3. METHODOLOGY 

To fulfill the aforesaid objectives the present worker has adopted the modern methodology 

including the Remote Sensing and GIS. Most of the analysis of the study is based on 

intensive field work, data collection and empirical observations in terms of- (i) pre-field, (ii) 

field and (iii) post field methods with an application of advanced techniques of measurement 

and analysis. The first phase has been gone through an extensive literature survey to find out 

the trend and observation of previous work and the secondary data and maps have been 

collected from various sources. During the field survey different instrument like dumpy level, 

prismatic compass, G.P.S., accessories like tape, hammer, etc. have been used. A detailed 

G.P.S survey of alluvial fans was carried out during the field work. Such a survey determined 

the location of the fans, their traversing, measurement of elevation etc. In the post field 

session the data collected, is processed and fan profiles were constructed. Moreover, the co-

relation between different bi-variate set of data is worked out and equations formulated 

graphical co-relation on the basis of such data has been done, through statistical method.  

3.1. Literature Review 

Denny (1965) showed normally the coarsest sediment will be found at the fanhead. When 

there fanhead trenching occurs, there is reworking and flushing of the sediment further 

downstream. Sometimes this results in a slight increase in the size of sediment along the fan 

radius. According to Bull (1977) fan materials are classified by Mud flow, braided stream 

flow and stream channel flow among which stream channel flow is responsible for the 

development of alluvial fans over this area. Bull has graphically summarized his observations 

on modern fans, and he has identified two situations. The first is when deposition is near the 

mountain front and the fan surface is undissected, and the second is when deposition is 

Hudson (1957) observed in Rhodesia that erosion increases exponentially with slope. Erosion 

is more active on a steep slope. As the slope increases the type of erosion and mass 

movement also change. For instance; vertical mass movement i.e. fall (rock fall, debris fall 

etc.) and landslide are active on steep slope while creeping (soil creep, rock creep, talus creep 

etc.) is dominated on moderate to gentle slope.at the toe of the fan and water and sediment 

move to this location through a trench. Strahler (1969), States that low rates of erosion allow 

the accumulation of thick weathering mantles which in progressively masking the underlying 

bedrock, gradually free river channels from structural controls. 
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Anstey (1965) has made a detailed comparison of fans in the great basin of the western 

United States, Baluchistan and Pakistan, and he demonstrates, from a sample of almost 2000 

fans, that the greatest numbers of modern fans have radii between about 1 and 5 miles. Ryder 

(1971) showed the variability of sediment size on the fan surface is also encountered at depth; 

however, the overall vertical change in sediment size should be from finest at the base to 

progressively coarser at the fan grows up and out from the Canyon mouth.  

 

4. FORMATION OF ALLUVIAL FAN 

Rivers are an important feature of most 

landscapes, acting as the principal mechanism for 

the transport of weathered debris away from 

upland areas and carrying it to lakes and seas, 

where much of the clastic sediment is deposited.  

River systems can also be depositional, 

accumulating sediment within channels and on 

floodplains.  

The grain size and the sedimentary structures in 

the river channel deposits are determined by the 

supply of detritus, the gradient of the river, the 

total discharge and seasonal variations in flow. 

Water flows over the land surface also occur as 

unconfined sheet floods and debris flows that form 

alluvial fans at the edges of alluvial plains. 

Three geomorphological zones can be 

recognized within fluvial and alluvial systems. In 

the erosional zone the streams are actively down 

cutting, removing bedrock from the valley floor 

and from the valley sides via downslope 

movement of material into the stream bed. In the 

transfer zone, the gradient is lower, streams and 

rivers are not actively eroding, but nor is this a site 

of deposition.  

The lower part of the system is the depositional 

zone, where sediment is deposited in the river 

channels and on the floodplains of a fluvial system 

or on the surface of an alluvial fan. 

As a stream gradient decreases, it drops coarse grained materials. This reduces the 

capacity of the channel and forces it to change direction and gradually built up a slightly 

mounted or pebbles shallow conical fan shape. The deposits are poorly shorted. This fan 

shaped can also be explained with a thermodynamic justification the system of sediment 

introduced at the apex of the fan will tend to a state which minimize the sum of the transport 

energy involved in moving the sediment and the gravitational potential of material in the fan. 

There will be iso-transport energy lines forming concentric arcs about the discharge point at 

the apex of the fan. Thus the material will end to be deposited equally about these lines, 

forming the characteristics fan shape. 

 

 

Formation of alluvial fans. (Source: Mohamed) 
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5. LITHOLOGY OF THE STUDY AREA 

The Rangpo basin crosses a number of lithological contacts. In the source area it is located 

well within the central crystalline Gneissic complex of the Kanchenjunga group. This 

formation is mainly confined to the north eastern corner and north western corner of the 

district. This Kanchenjunga formation extends mainly over an area delineated by the 

confluence of Rishi nala with Simana khola in the west, the lineament of Dhaula nala in the 

south and the confluence of Kiring Chu in the east. The north western exposure is found 

along the north western border of the district up to Rithu Khola region in the south.  

The Daling group of rocks mainly consist of greenish Phyllites, Slates and Quartzitic mica 

Schist‟s. The Daling group of rocks mainly represents an argillaceous sequence ranging in 

age from Precambrian to Cambrian. Stratigraphically, the Daling groups of rocks are the 

oldest group of the meta-sedimentary rocks deposited over the basement complex. This group 

of rocks indicate very low grade of metamorphism. The basal part of the Daling group is 

represented by the Gorubathan formation, comprising mainly Phyllites of argillaceous 

composition and green Slates with Subordinate green Schist’s. The type area of this sub-

group is Gorubathan. At the contact zone between the Darjeeling group and Daling group a 

mylonite Gneiss occurs. It covers for a length of about 1.5km. The Rongli Khola following 

the alignment of a fault drains into the Rangpo within this mylonite zone. A few hundred 

meters beyond the confluence towards west the Gorubathan formation. Here the river crosses 

number of lithological contact. In such sections various types of schist occur along with the 

phyllite. Our study concentrates on such a landscape where several litho contacts run across 

the river through the main country rock belongs to the Gorubathan formation. The rock beds 

in this area dip towards east at a range of 25° to 40°. However, a published map of G.S.I 

titled as District Resource Map records a maximum of 45°.  

 

6. DRAINAGE PATTERN  

Complex and diverse drainage characteristics in the Rangpo Basin offer a fascinating study 

for the evolution of landscape as well as land use pattern. Broadly, this river basin belongs to 

the Brahmaputra Drainage System. Regionally the entire area is drained by number of 

perennial rivers. The drainage system of the study area is controlled by the structure and neo-

tectonic activity within the polygenetic activity. The drainage pattern includes mainly 

terraces, valleys, alluvial cones, truncated ridge-spurs, rectangular, braided, dendritic and 

radial drainage pattern being sculptured by both endogenetic and exogenetic forces. These are 

also supported by the peculiar modes of formation of the riverine topography primarily under 

fluvial environment. The fluvial landforms as well as drainage channel patterns have 

reflected several morphological characteristics being enabled with land use pattern.  

7. CLIMATE AND NATURAL VEGETATION 

Aritar (A town, located on the bank of Rangpo River and besides our study area) features a 

monsoon-influenced subtropical highland climate. Because of its elevation and sheltered 

environment, Aritar enjoys a mild, temperate climate all year round. Temperatures range 

from an average maximum of 25°C in summer to an average minimum of 4°C in winter. 

Summers (lasting from late April to June) are mild, with maximum temperatures rarely 

crossing 25°C. The monsoon season from June to September is characterized by intense 

torrential rains often causing landslides. Rainfall starts to rise from pre-monsoon in May, and 

peaks during the monsoon, with July recording the highest monthly average of 649.6 mm 

(25.6 inch).  
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The per-humid climate of the Rangpo basin in Sikkim is characterized with enormous 

water surpluses. The prevalent monsoon climates have supported evergreen (broad leaf) 

rainforests including grasses which become dense and luxuriant in some parts of the basin. It 

is important to note that depending upon the terrain properties e.g. structure, rocks in 

different geological formations, surface cover, and slope, the water surplus takes its course 

either through surface run off or deep percolation to underground regions. Practically, per 

humid climatic types are found in the whole mountainous terrain according to the moisture 

regime which plays a decisive role in the water potentialities of various sectors within the 

basin. Obviously, the southwest monsoon season which is the principle rainy period for 

almost the entire Rangpo basin is responsible for more than 80% of the total annual rainfall in 

these mountainous ecological sites, and significant in controlling the water balance.  

8. ANALYSIS  

Along the right bank slope of the Rangpo basin, a few alluvial fans have been formed. 

Among them 3 alluvial fans are coalesced. These three fans have been attached with each 

other through some overlapping section between 2 consecutive fans. In fact, these fans are 

little different from normal morphology of alluvial fans. They have sufficient difference of 

altitude between the fan head and fan rim or fan boundary. In that sense one may differ to call 

them alluvial fan. Two other fans are having discrete location, i.e. they located further west-

ward. Interestingly the left bank of the river does not form any alluvial fan. The cause of 

formation is mainly related to the throwing of sediments by the minor rivulets subsequent to 

torrential rain. Sediment collected form upper ridges are thrown at the break of slope where 

they develop very steep fan like landforms, which may not be true fans in all cases.  

8.1. Configuration of alluvial fan 1 

This fan has a nearly flat fan head from where sediments spread downward forming a 

concave fan surface. The fan slope is 49o. (Figure 1) This fan has been cut vertically by the 

Rangpo river and some fan terraces are formed. There are coarser particles at the upper part 

where as towards the lower reach particles are composed of finer sediments. The fan terrace 

is used for the purpose of agriculture as the fan debris are fertile and have a more or less 

stady flow of water inside. (Table 1) 

 

 

 

 

 

 

 
Figure 1. Configuration of the Alluvial Fan of Rangpo Basin [Fan No.1] 
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8.2. Configuration of alluvial fan 2 

This fan head is very steep from where sediments spread downward forming a concave fan 

surface. (Figure 2) This fan has been cut vertically by the Rangpo River and some fan 

terraces are formed. The fan slope is 69o i.e. slope of the fan is very steep. At the lower part 

of the fan has a relatively gentle slope where some sort of agricultural work is done. (Table 2) 

 

 

 

 

 

 

 

 
 

Figure 2. Configuration of the Alluvial Fan of Rangpo Basin [Fan No.2] 

Table 1. Showing height according to distance 

data for fan 1. 

Sl.no Distance in ft Diatance in 

height 

1 0 1937 

2 70.6 1936 

3 97.4 1919 

4 164 1898 

5 218 1879 

6 243 1871 

7 290 1861 

8 350 1849 

9 390 1839 

10 420 1833 

11 500 1815 

Source : Field Work,2013 
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8.3. Configuration of alluvial fan 3 

The fan surface of this is concave. (Figure 3) Fan head is very steep. The fan slope is 55o. 

There are coarser particles at the upper part where as finer particles at the lower part. This fan 

has been cut vertically by the Rangpo river and some fan terraces are formed. (Table 3) 

 

 

 

 

 

 

 

 
Figure 3. Configuration of the Alluvial Fan of Rangpo Basin [Fan No.3] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Showing height according to 

distance data for fan 2. 

Sl.no Distance in 

ft 

Diatance in 

height 

1 0 1985 

2 75 1930 

3 150 1877 

4 199 1847 

5 225 1836 

6 265 1822 

7 300 1814 

8 353 1802 

9 404 1799 

10 525 1795 

Source : Field Work,2013 
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8.4. Area of individual fan within coalesced fan deposits of Rangpo Basin 

Three fans are coalesced with one another and a continuum of alluvial fans, alike a bajada in 

dry areas has been formed. (Figure 4) Of these three fans one is smaller in size (41.83m2) 

when two others are, more or less, similar in size. The distribution of the fan sizes in a 

coalesced landform comprises 40% for fan-1, 15% for fan-2 and 45% for fan-3. 

It may consider that the scope of deposition and availability of material is much higher in the 

case of fan-3.  

 

 

 

 

 

 

 

Figure 4. Area of Individual Fan within coalesced Fan deposits of Rangpo Basin. 

8.5. The relation between fan size and slope and relief.  

A related model was proposed by Echis, who suggested that trenching of fans will take place 

as sediment yields from the source area decreases through time during the normal progresses 

of the erosional cycle. Anstey (1965) made a detailed comparison of fans in the great Basin 

of the western United States, Baluchistan and Pakistan and he demonstrate, from a sample of 

2000 fans, that the greatest numbers of modern fans have radii between about 1 and 5 miles 

(1.6-8km). Considerable scatter exits but considering the range of geologic and climatic 

conditions this is not surprising, and the fan without and understanding of the source area. 

Table 3. Showing height according to 

distance data for fan 3. 

Sl.no Distance in ft Diatance in 

height 

1 0 1950 

2 65 1925 

3 100 1916 

4 200 1889 

5 274 1870 

6 400 1852 

7 500 1839 

8 600 1826 

9 700 1814 

Source : Field Work,2013 
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Fan size should be significantly related to size of the sediment source area. An example of 

this type of this relationship is provided Bull (1964) from the Fresno area, California. He 

shows that a good relationship exists between fan area and drainage basins area and that 

geology influences the relation, i.e. the intercept of the regression lines depending on 

lithology. 

8.6. Relationship between Relief & Slope  

Usually relief & slope are directly proportional to each other, as slope is practically an 

expression of relief. The same principal is observed in the alluvial fans of the Rangpo basin, 

higher the relief between the fan head and fan boundary, the steeper the slope. (Figure 5) 

When plotted on a graph with slope along the ordinate and relief along the abscissa a positive 

co-relation is obtained in the case study of all the three alluvial fans, of the Rangpo basin. 

 

 

 

 

 

 

 

Figure 5. Relationship between Relief & Slope. 

8.7. Relationship between radii and size 

A radius is the main control of the circumference of a circle. (Figure 6) As an alluvial fan 

spreads from one center located at the fan head and the fan boundary forms an arc 

proportional to the radius, there is a direct relation between the radii of the alluvial fans and 

their sizes. (Table 4) 

 

 

 

 

 

 

Figure 6. Relationship between Radii & Size. 
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The same principle is observed in the alluvial fans of the Rangpo basin. When plotted on a 

graph with Radii along the ordinate and Size along the abscissa a positive co-relation is 

obtained in the case study of all the three alluvial fans, of the Rangpo basin. 

8.8. Fan structure.  

Alluvial fan debris is poorly sorted due to the torrential deposition, especially near the fan 

head. The extent and pattern of the coarser forces is governed by a balance between basins 

size and relief, vegetation cover and hydrology and tectonic behavior of the mountain mass. 

 Normally the coarsest sediment will be found at the fan head. However, fan head trenching 

occurs, there is reworking and flushing of the sediment further to the downstream. Sometimes 

this result in the slight increased in the size of sediment along the fan radius (Denny 1965). 

Shifting pattern of deposition on an alluvial fan will result in considerable sediment 

variability. Lusting (1965) shows the distribution of reactive force on the antelope springs 

fan, and the figure permits an appreciation of how sediments are distributed over a fan 

surface at one stage in its growth. The variability of sediment size on the fan surface is also 

encountered at depth, however, the overall vertical change in sediment size should be from 

finest at the base to progressively coarser as the fan grows up but grain size should decrease 

as erosion reduces the source area. Fan size should be significantly related to size of the 

sediment source area.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7. Area and Distribution of materials in an Alluvial Fan. 

 

Table 4. Showing data for relief, slope, radii and area of the 

fans. 

Name of 

the Fan 

Relief 

[m] 

slope[ 

degree] 

Radii [m] Size / 

Area[m2] 

1 122 49 24.4 116.03 

2 190 69 14.4 41.83 

3 136 55 26 131.35 

Source : Field Work,2013 
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The alluvial fan which is totally exposed on the surface without any vegetation cover, one of 

the fans has been divided into four zones. (Figure 7) An average of 20 random samples of 

particles has been collected from each zone and average diameter has been determined. Thus 

we get four zones with four index diameters of the particles: 

 

a) Large Boulder Zone:      Diameter 25.5cm  

b) Medium Boulder Zone:  Diameter 13cm  

c) Small Boulder Zone:      Diameter 6cm 

d) Gravel Zone:                  Diameter 1.8cm  

 

 

 

 

 

 

 

 
Figure 8. Distribution of materials according to area [%] in an Alluvial Fan. 

 

Considering the specialty of this zone within the alluvial fan, it has been observed that the 

large boulder zone covers 10% of the area of the alluvial fan; medium boulder covers 13% of 

the area; small boulder zone covers 50% of the fan area and lastly the gravel zone covers 

27% of the fan surface. (Figure 8) Thus it may be concluded that maximum materials belong 

to the small boulder zone. The large boulder being heavy are found only at the fan head, 

whereas the small gravels are thrown at the most distant places of the fan head.  

 

8.9. Controls of Fan Development 

 

The development of fans are controlled by some integrated factors like: 

 

(i) Climate: The climate of the region is characterized by the per-humid type of 

climate with strong seasonal (June-October) distribution of rainfall. When precipitation is 

high the slopes of the alluvial fan remain gentle as the flow of water shifts the sediments and 

decreases the gradient. Actually, heavy rainfall increases the flow of water with huge amount 

of sediments.  

 

(ii) Lithology: The lithology of the rock character is another controlling factor for the 

deposition of fans. The entire study area contained comparatively less coarse materials are 

not so large, steep. 

 

(iii) Hydrological Characteristics: large amounts of debris deposited on the alluvial 

fans which are widely expand over the Himalayan foothills. On the fan surface the trunk 

streams feds the distributary channels and water discharge diminishes along its course. 

Moreover, as the fans consist of more permeable sediments, additional discharge is lost 
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because of downward water percolation (Mukhopadhyay, 1982). This discharge promotes the 

rate of deposition.  

 

(iv) Slope: Slope is another influencing factor for deposition of fans. The sudden 

break of slope in the southern part helps to deposit the carried materials. But range of slope 

decreases.  

8.10. Use of alluvial fan 

The alluvial fans which are old enough to develop soils on them and such materials have been 

of great use for the local inhabitants. The surface slope of the three coalesced fans being very 

steep has been carved out into agricultural terraces which are cultivated on a regular basis. 

The alluvial fans having a good hydrological condition supply the required amount of water 

which keeps the fan surfaces reasonably moist. Moreover the fan materials are lose and fine 

because of a long period of weathering and associated soil forming process. Hence the local 

inhabitants use the fans surfaces as readily usable cultivated fields. Thus the alluvial fans 

have been a resource of high potentiality for the area. 

9. CONCLUSION 

The Rangpo basin having a great number of litho-units with variable resistance and high 

relative relief has developed complex hydraulic characteristics where hydraulic drops and 

hydraulic jumps are regular features. The large scale piedmont terraces with extensive flat 

alluvial fan deposits are formed by the result of progressive flattening of the gradient of the 

major tributaries of Rangpo River. From the study it is concluded that the developmental 

strategies of alluvial fans being originated by both endogenetic and exogenetic forces. There 

are several macro and micro fans have developed over the area with spectacular land use 

development being influenced by slope, water velocity, carried materials etc. So far the 

proper management of agriculture production needs sufficient irrigation system improving 

the methods. 
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Abstract  

The purpose of this research is to evaluate the suitable areas for physical development of the 

Arak city in the future. Also, to found new physical index for developing of the city based on 

morphological features. For the objective, the spatial indicators of the analysis are climatology, 

topographic roughness coefficient, tectonic influenced factors, geomorphological landforms, 

land uses, runoff height and city relation with Mighan Desert which is located in the south of 

Arak City. TOPSIS and AHP models are majors Multi Criteria Evaluation models that have 

been used to prioritize the proposed areas. The results of the MCE analysis by AHP and 

TOPSIS indicated that the first priority for the physical development is an area in the east and 

northwest part of Arak City that was in parallel with Arak municipality plan for urban 

development. Sediment analysis of suitable areas represented that the area is located in flood 

bed which has unfavorable conditions for the establishment of utilities. 

 
Keywords: Urban physical development, Arak City, Physical structure, TOPSIS, Flood plain. 

1. INTRODUCTION  

With the development of the urban population in Iran since 40 years ago, it is inevitable to pay 

considerable attention to the natural conditions in the physical development of cities and 

disregarding these conditions can result in environmental damages and other natural hazards 

that destroy and influences urban life's (Kaya, 2006). For many years, the cities follow organic 

growth pattern under the influence of internal factors as accessible resources and physical 

limitations. In the past decades, the urban land areas were also enough for traditional land uses 

and they were organically configured based on security, social and economic conditions 

(Majedi, 1999). Today, the urban lands are not sufficient for the population coming into the 

areas. Therefore, it is required to carry out substantial studies about optimization site selection 

establishment and physical development. 

With the establishment of industries in Arak City in the 1970s and conversion of the area as 

a province in 1978, the city experienced rapid growth. Then, it was faced many environmental 
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issues including neighborhood with Mighan Desert, water pollution in agricultural lands, 

climate change, Air pollution, topography, and lack of spatial coherence. The investigation 

about the physical expansion of Arak can contribute to the initiation of a suitable spatial model 

for physical development. Since location planning and selecting a well-fit option from the 

feasible alternatives is a significant problem in every decision-making process, Multi-Criteria 

Decision-Making (MCDM) has been found to be an efficient approach to solving this kind of 

problems. 

There are different MCDM models that have been applied for site selection projects in both 

urban and regional scales. But the simultaneous application of quantitative, quantitative criteria 

and weighting (importance coefficient) of indicators according to regional features and 

theoretical principles, make TOPSIS as an optimal model to assess site selection projects. This 

method emphasizes that selected alternative should have the least distance with positive idea 

solution (the best possible area) and the most distance with a negative ideal solution (the worst 

possible area).(Asadzadeh,2014). This process involves several steps but considering location 

and position features are the first step. In according with urban upstream plans, regional 

development strategies, access and accessibility and site development potentials are some 

important factors that should be considered in new towns site selection (Mandelker, 1965). 

Moreover, Factors such as availability of a water supply, sufficiency of existing connecting 

roads, availability of such utility services as gas and electricity, potentialities for sewage 

disposal and the suitability of the land for development are usually considered (Mcfarland, 

1965However, a site location problem usually involves a set of locations (alternatives) which 

are evaluated against a set of weighted criteria independent from each other. The alternative 

that performs best with respect to all criteria is chosen for implementation (Awasthi, 2011). 

Therefore site selection can be viewed as a Multiple Criteria Decision-Making or Multiple 

Attributes Decision-Making (MCDM/MADM) problems. Chen, (2001) developed a fuzzy 

multi-attribute decision-making approach for the distribution center location selection problem. 

Chu (2002) has applied a fuzzy TOPSIS model to solve the facility location selection problem 

under group decision-making. Kahraman et al. (2003) used four fuzzy multi-attribute group 

decision-making approaches in evaluating facility locations. Chou et al. (2008) have presented 

a fuzzy simple additive weighting system under group decision-making for facility location 

selection with objective and subjective attributes. 

This model of city development can be based on some visible indices including the rate of 

roughness in topography, tectonic and geomorphologic factors, and elevation of runoffs. 

Consideration of natural factors in the physical development of cities was important for 

researchers according to some approaches (Servati et al, 2008). Some researchers mentioned 

the natural limitations in urban development (Hosseini et al., 2012). Some others proposed the 

approach of getting away the limitations and development far from the natural obstacles 

(Ahmadi, et al., 2013), (Karam and Mohammadi, 2009), (Nazarian et al., 2009). Positive and 

negative impacts of natural factors in physical development were also studied by some 

researchers (Ruzbahani et al., 2010), (Rezai and Malakrudi, 2010). There are also many case 

studies in the subject (Adeli, et al., 2011), (Geyme and Baz. 2007), (Sener, et al., 2010). Water 

quality and its development issues were also considered by some scientists in models of urban 

development (Marinoni, et al., 2013). In the present research, the physical development of Arak 

City has been investigated in terms of geographical factors and optimum suitable areas have 

been analyzed in terms of environmental and natural hazards by TOPSIS model that the 

research team found the best model for site selection based on characterizing by Arak city.
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2. STUDY AREA  

 

The area of Arak is about 5340 hectares that extended in a linear east-west alignment. It is 

located in the position of 49° 42ˊ E and 34° 05ˊ N, with 1755 m above sea level (Figure 1).  

 

 
Figure 1. Position of the study area 

 

Also watershed of Arak Plain known as Mighan Lake drainage influence city. The Mighan 

Lake is positioned in the center of the plain and in the northeast Arak City. The city, located in 

the southwestern margin of the Arak Plain. Arak city limited to mountain ridges in the south 

that this ridges named Nazmabad, Kuh Sorkh, Sheykh Ebrahim, and Kuh Darband. The 

distance of the city to Mighan Desert is about 15 km (Sharman Architect and Urban Planner 

Consulting Engineering, 2009). Some Temporary rivers flow in the city and made bed sediment 

of city bed form and is located in the alluvial sediments. Hot summer and cold winters are 

Arak's climate conditions that product evaporation sediments as salt, chalk, limeade chill are 

active in the study area. For determining physical limitation of city growth, study area boundary 

is specified bigger than arak city boundary. Figure 1 shows the study area's position and 

physical geography features.  
 

2.1 Materials and methods  

Given the important role for landforms plays in the appropriate physical development of cities, 

the landform units have initially been extracted from topographic maps analyses at a scale of 

1:25000 and other spatial criteria’s that shown in figure 2, (Goudie and Viles, 2010). After 

determining the target of study that was allocated the best area for urban developed based on 

review literature, the procedures for reaching the best answer identified. The evaluation 

indicators of the best area for urban developing determined. After finding spatial indicators that 

influenced urban development, AHP method is used for weighting of criteria. Then, the weights 

of each attribute are combined with the expert’s opinions. TOPSIS algorithm is applied to 

achieve final results. Figure 2 shows the procedure of study for determining the best area for 

urban development. 
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Figure 2. Procedure of site selection for determine the best area of urban developing 

 

Based on analyses of spatial criteria's, land use analyses of IRS satellite images and also 

field study, twenty landform units have been identified that main landforms are flood sediment 

forms, hills (old glacier cirques), low elevated terraces, high elevation terraces, old alluvial 

fans and playas. Given the qualitative and quantitative characteristics of the landforms to form 

a matrix of qualitative indices, the bipolar scale has been used for the analysis and weight 

among landforms. This measurement of the positive aspects is based on a 10 point scale. The 

0 value represent the least possible value and 1 the highest one for determining suitable areas 

in urban development that were based on fuzzy logic theory. The middle point is the break 

between suitable and unsuitable indexes. This scale is applied inverse for negative indices. 

(Moradi and Akhtarkavan, 2009). As the maximum and minimum numeral value and the scale 

range of the selected layers have been different from each other, the standardization between 

criteria's weight has been carried out based on the relations of 1 and 2 that described in below. 

The relation 1 has been used for the spatial layers that increase in their values represents more 

suitability and the relation 2 is used for the layers that decrease in their values represents more 

suitability. Thus, all layers have been standardized from 0 to 1 according to the combination 

mathematic relation and expert knowledge.  
 

Relation 1   

 

Relation 2  

The weighting of the indicators has been conducted by pairwise comparison matrix and 

Analytical Hierarchy Process (AHP). The AHP proposed by Saaty in 1970’s is a method 

frequently applied to Multi-Criteria Decision-Making analyses (MCDM) (Momeni and Sharifi 

Salim, 2011). The model is based on a pairwise comparison and determining the preferences 

of the elements on each other relative to a certain criterion (Rahnama and Kazemi Biniaz, 2011: 

 

 

All Spatial Criteria's 

Topography Climatology Sedimentology Mighan 
Desert 

Soil and land 

evaluation 

Land use 

Geomorphological landforms AHP for 
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Moderate by 

Expert 

knowledge  
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best area of urban developing 
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102). The AHP factors have been performed by the opinion of senior experts of the 

municipality and general governance of Arak City. In doing the effort, a list of the selected 

factors has been prepared to make an order of their opinions for comparison based on the 

orders. 

 Technique to Order Preferences by Similarity to Ideal Solution (TOPSIS) model has been 

employed to determine the optimum location. Based on literature review and also the structure 

of spatial criteria's, TOPSIS is a supplementary method for MCDM. It is possible to exchange 

the scores of indicators based on the intensity of influences. In this method that is used for 

achieving suitable areas, M options are evaluated by N indicators each problem can be 

considered as a geometric system of M point in an N dimensional space. The premise of the 

method is that the selected option should have the least minimum distance with the positive 

ideal state and the highest distance with the negative ideal state. This is supposed that the 

suitability of each indicator has smoothly increased or decreasing and defined for both the 

positive (A+) and negative (A-) ideal options. Using Euclidian theory, the separation distance 

of ith option can be calculated by the ideals. The relative vicinity of Ai to the ideal solution is 

initially calculated and, then a ranking is made of the descending order of the available options. 

(Ghohroudi Tali et al., 2012). For the best result when we used TOPSIS model, the procedure 

of run this model is carried out in 6 steps as follows:  

 

1- Decision-making matrix has been formed from the collected data about the landforms.  

2- The matrix has been normalized using the standardization method.  

3- Weighted normalized decision matrix has been calculated by multiplying the 

normalized decision matrix by the corresponding weights.  

4- Finding the positive and negative ideals. The greatest value of each indicator is 

determined as a positive ideal (A+) and the least value as a negative ideal (A-). j+ is 

with positive criteria and j- with negative criteria. 

5- Calculating the size of separation. The distance to the positive and negative ideal has 

been calculated by the Euclidian method. 

 

"The relation 3 and relation 4 are used for determining positive ideal (A+) and the least 

value as a negative ideal (A-)".  

 

Relation 3  

 

Relation 4  

 

6- Relative proximity of each option to the ideal solution. This has been calculated by 

relation 5.  

 

Relation 5  

 

The value of CL index is ranged from 0 to 1. The highest score of the index represents the 

priority of that option for selection (Sepehr and Zucca, 2012). Based on the 6 steps of Topsis 

analysis on the landforms and indices showed a range of change among landforms based on 

the indices. The range of changes landforms based on indices in landforms by TOPSIS analyses 

in percent shows in Figure 3.  
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Figure 3. Range of changes of the indices in landforms 

3. RESULTS  

As it has been mentioned, the units of the study area have been determined based on the 

landforms, and the selected indices have been extracted in each landform. The standardized 

matrix has been converted into a pairwise comparison matrix using AHP according to the 

expert opinions to obtain the weights of the spatial criteria. Then, the weights have been 

included in the decision-making matrix. Finally, the ranking matrix of landforms has been 

obtained and the ideal conditions for physical development have also been determined by AHP. 

The weights of the criteria by AHP for obtaining the best areas for urban developing are 

represented in Table 1.  

 
Table 1. Weights of effective criteria based on AHP 

Criteria 
Geomorphology 

unit 
Seismicity 

Urban 

integrity 

Distance 

to faults 
Elevation 

Distance 

to 

Mighan 

desert 

Land 

use 

Runoff 

height 
Slope 

Weights 

of criteria 
0.04477 0.0324 0.2005 0.1150 0.246 0.0758 0.24 0.0242 0.01 

 

Priority of landforms for urban development that weighted and resulted by the AHP method 

are used in TOPSIS method. The highest score of TOPSIS determined the priority of the option 

for selecting as suitable for the physical development. Table 2 illustrates prioritization of 

landforms using TOPSIS model to achieve best areas of the city for development planning.  
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Table 2. Prioritization of landforms using TOPSIS model 

Landform 
Distance to 

positive ideal 

Distance to 

negative 

ideal 

TOPSIS 

value 
Priority 

Plain 0.199 0.297 0.597 11 

Hill 0.319 0.221 0.408 20 

High terrace 0.222 0.295 0.570 13 

Plain 0.111 0.336 0.075 2 

Flood deposits 0.244 0.266 0.521 16 

Plain 0.161 0.326 0.668 9 

Flood deposits 0.249 0.268 0.518 17 

Low terrace 0.235 0.276 0.539 15 

Playa 0.297 0.268 0.474 18 

Flood deposits 0.166 0.347 0.676 6 

Old alluvial fans 0.120 0.336 0.737 3 

Plain 0.166 0.345 0.675 7 

Plain 0.182 0.330 0.644 10 

Old alluvial fans 0.109 0.374 0.774 1 

Old alluvial fans 0.156 0.322 0.673 8 

Plain 0.136 0.373 0.732 4 

Plain 0.209 0.278 0.570 12 

Flood deposits 0.136 0.335 0.711 5 

low terrace 0.220 0.277 0.557 14 

Hills 0.313 0.227 0.420 19 

 

Figure 4 indicates the prioritization of landforms by TOPSIS and the position of the study 

area. 
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Figure 4. Ranking of landforms by TOPSIS 

3.1 Discussion 

Execution of TOPSIS has resulted in the suggestion of two areas for physical development in 

Arak City. The 1st priority is the area that Arak City is located on. Thus the location of the city 

at present is good and the result of TOPSIS model was close to real conditions. This is 

indicative of the facts that it is required to find the geographical conditions similar to those of 

the current city of Arak for physical development and residence in future. Therefore, according 

to the expert knowledge and Arak municipalities, urban planning and architecture department’s 

standards, the revival of the old urban texture and vertical expansion of the city can be a 

priority. The 2nd priority based on TOPSIS model is an area in the northwestern part of Arak 

City, at a distance of 9590 meters from the city center. This is in the vicinity of Arak-Farmahin 

transportation road. There are three villages of Mohammadieh, Susanabad, and Ebrahimabad 

in this area that located in the second priority of arak city development. Figure 5 shows the 

location of suitable area’s position for urban development of Arak city. 
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Figure 5. The suggested area (Rank2) in northwest part of Arak City 

 

According to the results, a suitable area for urban development is where it has easy access 

to engagement sites and satisfied transportation facilities. The site should be suitable for 

residential development and without any effects of flooding, fogs, annoying air pollution, and 

intervening industries. The selected site must be in the proximity of suitable neighborhood 

zones or support the rules of interesting developments (Chiara, et al. 1994). The area that 

suggested by the result of this research as the suitable areas in terms of the mentioned 

conditions. The area has also suitable relational situation due to its proximity to the Arak-

Farmahin Road. The near distance of the area to Arak City and proper distance to established 

industries is also important in the suitability of the area. 

It is necessary to avoid construction of buildings near the faults due to possible devastating 

effects. The suggested area is at a distance of 8866 meters to fault lines and 2 km to the 

cemetery (Institute of Standards and Industrial Researches of Iran, by Kuhsari, 2006). The best 

topographic condition for houses is a flat ground or a relatively smooth area with a slope less 

than 10 to 20 percent. The suggested area has a slope of 1.6 percent. The slope between 2 to 6 

percent can facilitate the drainage. The smooth and flat areas are likely to be inundated in rainy 

seasons. (Kakran, 2012)  

To evaluate the suggested area and study more precisely the natural conditions and 

formative processes, a random sediment sampling was made at 4 points to 40 cm depth from 

the surface. Figure 3 shows the coordinate of samples. Analysis of the granulation of the 

sediments and the extracted charts revealed that the samples had a mixture of fine and coarse 

grains. Comparison of the sorting of the samples with Folk Sorting Index revealed also that the 

samples are not same in sorting. This is indicative of frequent recurrences of water flows into 

the area and place in different forms on the setting of the region (different slopes and elevation); 

the lack of uniformity in the samples of different areas is the characteristic of this floodplains 

that determined as good areas for urban development. Comprehensive sorting index by 

CRUMBINE index on a logarithmic scale examine the regulation in sediment curves. The 

smaller value of the index, the more ordered is the sediment curve. The skewness can be used 

to interpret the sediment environment processes transferring the deposits. The skewness 

coefficient is positive in three samples. This indicates that the sedimentation occurred in a slow 

environment with fine grain sediments. This, in turn, represents staying of water after flooding 

flows (Ghohroudi, 2012). The symmetry coefficient in the curve shows regularity in two sides 

of the median; because it is likely that there is regularity in the curve but in the two sides the 

particle distribution is different. The coefficient value is zero for a symmetric curve. If the fine 

Flooded Bed  

Zagros Ridges  
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grains are more regular the coefficient will be positive and if the coarse grains are more regular 

it will be negative. The symmetry coefficient for the three curves indicates that the coarse grains 

are more regular and just the sample 3 has negative skewness with more regular fine grains.  

The results of the sedimentology analysis that is represented in Table 3, emphasizes that the 

suggested area is located in a flooded bed created by flash floods and sheet flows in climatic 

conditions different from present times.  

 
Table 3. Results of sediment analysis 

Samples 

Number 

Sorting 

index 
Comprehensive sorting Skewness 

1 0.425 0.559 2.122 

2 1.404 1.249 2.928 

3 2.775 1.992 0.756- 

4 0.216 0.342 1.095 

4. CONCLUSION  

The cities are established over a geographical environment of particular natural conditions 

involving urban design. Arak City is located in an endorheic basin on a bed composed of flood-

alluvial sediments alongside accumulation of evaporative deposits on a broken wetland coast 

exposed to sheet flows. The possibility of the areas for future physical development of the city 

has been analyzed by natural indices and quantitative models. The results of the research have 

indicated that east and northwestern part of the Arak City has the best suitability for future 

development of the city. It is capable for the future physical development more than other areas. 

The sedimentology examination of the study area has indicated that the area is located in a 

flooding bed involving special urban architecture. Also the results of the research have also 

classified unsuitable areas for the physical development, the areas on which the development 

may result in many hazards. Therefore, it is required to conduct the physical development of 

Arak City towards the suggested area.  
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