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in Irbid governorate increased the topography variation 
(Bender, 1974; Odeh et al., 2017, 2019) (Figure 1b), which 
positively affects the rainfall pattern in the area as shown 
in Figure  2. Wise natural resources management is the 
most intelligent solution for the economic and environ-
mental setting, especially in developing areas; this is be-
cause it enhances more balance and integration between 
environmental elements. Because of increasing human ac-
tivities, environmental problem has become widespread 
in many parts of the world. The deterioration in environ-
mental quality and widespread environmental degradation 
(biological and chemical) by air and water pollution and 
soil and vegetation loss can result in negative ecological 
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Highlights

	X Changes results showed an increase in urban land, from 2% in 1985 reached 11% in 2015; soil and agricultural classes 
had declined, in 1985 they were 74% of the total area, and reduced to 67% in 2015.
	X Irbid Governorate’s change detection results revealed that the decline of agriculture and rock land areas is due to the 

accelerated expansion of urbanization, which negatively affects agricultural lands. 
	X Modelling the area showed high suitability for agricultural activities, which should be considered for the upcoming 

plans. 

Abstract. This research proposes to design an approach recognizing land use/cover change for Irbid governorate from 1985 
to 2015 in 10 years period bases, with an agriculture suitability map using remote sensing and GIS. In this paper, ENVI6 
was used to analyse Landsat images, which helps to understand the land uses’ classes. LULC Changes results showed an 
increase in urban land, from 2% in 1985 reached to 11% in 2015; soil and agricultural classes had declined, in 1985 they 
were 74% of the total area, and reduced to 67% in 2015.  Irbid Governorate’s change detection results revealed that the 
decline of agriculture and rock land areas is due to the accelerated expansion of urbanization, which negatively affects ag-
ricultural lands. Modelling the area showed high suitability for agricultural activities, which should be considered for the 
upcoming plans. 

Keywords: land use/cover (LULC), Irbid, Landsat 5, 7, ENVI, remote sensing, suitability map. 

Introduction 

Jordan is an arid to semi-arid Mediterranean country, with 
an area around 89,000 km². The average annual rainfall 
ranges from less than 20 mm in the Badia region up to 
more than 600  mm along the western mountains (Mo-
hammad et al., 2015). Jordan is on the top of water-poor 
countries worldwide, which adds enormous pressure on 
social and economic development; Jordan’s decision-mak-
ers have been long pressured to find a sustainable solution 
to the environmental situation facing the country (Mo-
hammad et al., 2020). Irbid governorate is one of the pop-
ulation-densest Jordanians’ governorates; it has an area of 
about 1572 km2 (Figure 1a). The high tectonic activities 
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and health consequences (Basheer, 2017; Basheer & Ali, 
2018; Alharbi et al., 2018; Ali et al., 2013, 2017; Dunlap 
& Jorgenson, 2012; Yohannes, et al., 2020). Land use and 
land cover concepts are usually used conversely; neverthe-
less, each term has its sole meaning. Land cover ordinarily 
refers to the features and surface cover of Earth’s surface 
represented by natural elements such as vegetation, wa-
ter, bare land, impervious surface, and other land’s physi-
cal features. In comparison, land use refers to activities 
with an economic purpose, intended use, or management 
strategy placed on humans’ land. It could also be defined 
as Land use, in general, refers to human activity on a 
land surface, and land cover refers to its surface features 

(Lambin & Meyfroidt, 2010). LULC change detection is an 
essential tool to identify geographical dynamics and the 
association with human activities (Yohannes et al., 2020). 
LULC classification maps should be determined because 
of their importance in decreasing the negative effects of 
human activities on nature (Gülersoy et al., 2015). Explor-
ing land use and land cover (LULC) changes is essential 
for planning and utilizing natural resources, which posi-
tively strengthens the decision-making process and, hence, 
achieves sustainable development goals. Also, LULC stud-
ies are very effective to evaluate temporal changes of land 
use in the protection of certain area in terms of sustainable 
use of natural resources (Gülersoy & Çelik, 2017).  

This study examines land use/cover change dynamic 
patterns in Irbid governorate from 1985 to 2015 using 
satellite imagery data with the Geographic Information 
Systems technique (GIS). Studying the LULC change 
is said to be as an important tool to define parameters 
which are responsible for different changes of land surface; 
such as but not limited to: landscape changes, changes in 
ecosystems, climate changes effects, and urban areas ex-
panding. Because of the increasing development and the 
rapid growing in population worldwide, many countries 
in the world faced wide changes in LULC; this came in 
parallel with an increase in anthropogenic activities, and 
hence resulted in high alteration LULC, which lead to 
forest deterioration in some areas and transformation of 
fertile land to urban construction with significant impact 
on the ecosystem in other regions. In order to detect the 
changes that have been occurred; and develop a frame-
work of LCLU changes research in Jordan; optical remote 
sensing data and GIS software were integrated to explore 
the potential of these techniques to define LCLU changes 
within the current urban planning system and the better 
management for the natural resources. The importance of 

Figure 1. Location of the targeted area (a); DEM for Irbid area (b)

Figure 2. Rainfall distribution of Irbid governorate
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the LULC application of Irbid is the reason for choosing 
it as a study area. It is necessary to mention that Irbid 
governorate has the highest population density in Jordan 
according to the governmental records, and it is the sec-
ond-largest population in Jordan (Department of Statis-
tics, 2014). It has also received several immigration waves 
during recent history; a wave of Palestinian refugees was 
in 1948 after the first Arab–Israeli. Another wave was in 
1967 when thousands of Palestinian refugees came to Jor-
dan and settled in different Jordanian governorates and 
Irbid as well (Perdew, 2014).

Furthermore, other migrations came to Irbid after the 
Gulf wars in 1991 and 2003. Similarly, more than half a 
million Syrian refugees came to Irbid since 2011 due to 
the Syrian civil war. This immigration raised the annual 
population growth rate in Irbid; it is worth to mention 
that the governorate has one of the highest growth rates 
in the region with 3.2% (Department of Statistics, 2014; 
Perdew, 2014; Odeh et al., 2019). The increased number 
of population and the expansion of urban areas increase 
the change of the LULC concept. LCLU studies for Irbid 
governorate was note detected before, this study shaded 
the light on the importance of the smart planning and fo-
cus on the behaviour of the people there toward land use.

Hydro-geologically, the study area involves two main 
aquifer systems; the Umm Rijam and Wadi Shallala (B4/
B5) Aquifer system and the Upper Cretaceous Amman-
Wadi Assir B2_A7 Aquifer system (Margane et al., 1999; 
Figure 3). The upper aquifer crops out in northern areas of 
Irbid towards the Yarmouk River. The B4 formation com-
prises marly and chalky limestone and chert while the B5 
formation consists of chalky and marly limestone (Hobler 
et al., 2001). The Umm Rijam formation is the outcropped 
unconfined aquifer underlain by the Muwaqqar Chalk 
Marl formation (B3). In the southern parts of Irbid gov-
ernorate, the massive limestone, dolomitic limestone and 

chert A7/B2 aquifer form the primary aquifer in Irbid; this 
aquifer used to be the primary aquifer in Jordan as well, 
but now most of the wells in the area are dropped and no 
longer used for drinking water purposes because of either 
of the decreasing yield or deterioration of water quality or 
both of the problems.

1. Materials and methods

The procedure of integrating remote sensing (RS) methods 
and the geographic information system (GIS) is broadly 
used to investigate, analyse, and display land surface data 
(Saraf et al., 2004; Odeh et al., 2013, 2019). The RS meth-
ods essentially produce the land cover data in satellite 
images, usually classified as creating different land cover 
classes. GIS is a useful tool to produce thematic maps; 
thus, it was required to merge new technologies such as 
remote sensing and GIS tools to support environmental 
studies (Mohammad et al., 2018).  For reliable LULC map-
ping, selection of appropriate remotely sensed datasets and 
choice of a suitable classification system are considered the 
two most important factors (Lu & Weng, 2007; Abdulla 
et al., 2019). Landsat remote sensing data considered the 
most comprehensive continuously obtained collection of 
space-based moderate-resolution data worldwide. Forty 
years of satellite images provide an adequate data resource 
for remote sensing researchers. The acquired data usually 
originates as a raster dataset, which then becomes ana-
lyzed using GIS tools. It can produce repetitive observa-
tions of the land surface, giving information about land 
cover changes over time (Odeh et  al., 2019). In Jordan, 
many studies applied the LULC concept (Al-Mashagbah 
& Al-Adamat, 2010; Rababa’a & Al-Bakri, 2006; Al-Sallal 
& Al-Bilbisi, 2011), and others applied different Landsat 
and satellite imagery to analyze LULC in the country. Poli-
cymakers inquire data on the LULC change to develop 
more specific policies and management guidelines that 
focus on causes, not symptoms. It is a fact that processes 
that driving LULC change are complicated, occurring at 
several temporal and spatial scales, with interconnections 
of various environmental, social, and economic impacts, 
and they require several methods of investigation to un-
derstand the drivers and their impact on the environment, 
landscapes, and rural societies (Lambin & Meyfroidt, 
2010). Classical methods for collecting and analyzing en-
vironmental data are not adequate; meanwhile, additional 
methods could be used to achieve the goal. 

Landsat 5 images were utilized to investigate different 
targeted years; 1985, 1995, and 2005, and Landsat 7 im-
agery was applied for 2015 depending on the data’s avail-
ability. The US Geological Survey web site (https://landsat.
usgs.gov/lands at-data-access) was the open-source for the 
Landsat images used in this research. The software ENVI 
6; is a package broadly used by GIS and RS specialists to 
process images; it is used to extract essential data about 
land surface classes acquired from satellite imagery (Saraf 
et al., 2004). In this study, Landsat data were used to clas-
sify land coverage into four classes: soil units, rock units, Figure 3. Hydrogeological units for Irbid area



266 A. H. Mohammad et al. Detecting land use/cover dynamics and land suitability mapping for Irbid governorate...

urban land, and agricultural land. Land coverage classifi-
cations were verified with field visits, Google Earth im-
agery for 2005 and 1995, and the 1985 Landsat images. 
Thematic maps were prepared, which is the most famous 
tool used to understand specific phenomena’ spatial dis-
tributions (Li & Chou, 1997). The preprocessing stage for 
the images was starting with calibration, atmospheric cor-
rection, and topographic correction. selection of dates of 
the acquired data had made in the dry season and with 
the same annual season of the acquired years to avoid the 
seasonal variation and to minimize the error occured by 
clouds. All the used satellite images was analyzed using 
the RGB colour composition using ENVI 6 software. The 
goal of this is to determine which land-use class is chang-
ing using image overlay method, in addition to the clas-
sification comparisons of land cover analysis.

Land cover mapping is a process which conducted into 
many phases; starting with the preparation for the work, 
this is based on image extraction from the source (the 
website in this case). Then, the interpolation process start-
ed by an atmospheric correction to minimize the effects of 
cloud and smoke in the images. During the other phases, a 
spectral measurements were established, in which identi-
fied the pure spectral components for the calculation in 
each pixel within the each image. Changes in land use and 
land cover were analysed by 10 years sequence, which was 
described through the analysis of a temporal series of clas-
sified images. The LULC mapping was created at the pixel 
level using a function ArcGIS, where different landuse 
maps were combined into a single map. 

In parallel, this study focuses on determining the geo-
spatial variables of Irbid area for the agricultural suitabil-
ity; four levels of FAO land suitability classes are shown 
in Table  1 (Food and Agriculture Organization of the 
United Nations [FAO], 1976, 1983, 2007). The concept of 
land suitability evaluation for agricultural land-use plan-
ning in the study area is defined using the FAO measure. 
According to FAO, suitability mapping is defined as the 
requirements and land properties for a particular activ-
ity that measures how the characteristics of land suit the 

requirements of a particular form of land use (FAO, 1993, 
1985; De la Rosa et al., 1981; Sys, 1975; Joerin et al., 2001; 
Sys et al., 1993). In suitability mapping, modelling all pos-
sible influential factors is involved; those that influence 
the process using multi-criteria evaluation generate the 
final land suitability map. Mapping agricultural suitability 
is very useful for locating and ranking areas expected to 
be high or less suitable, practically in an arid land (Abd 
El-Kawy et al., 2010; ElSheik et al., 2010; AlFarajat et al., 
2015). The index was prepared based on the merging of 
hydro-geo-environmental parameters including; rainfall, 
slope percentage, soil types, groundwater quality, and 
depth records (Mazahreh et  al., 2018; Al Farajat et  al., 
2015), modeling these maps resulting in creating the final 
agricultural suitability map for the targeted area.

2. Discussion and results

The fluctuations in LULC change observed during the 
study period are undoubtedly associated with rapid pop-
ulation growth. A decline in soil fertility, resulting from 
intensive farming, has also forced farmers to expand their 
activities, land reallocation for cultivation and settlement 
(especially for the younger generation) appeared to have 
influenced this phenomenon.

Landsat images analysis showed significant random 
variations from 1985–2015 as shown in Figure 4. Urban-
ized area growth has developed nine times over the 30 
years, and it is prompted due to the increase of population. 
Meanwhile, the agricultural areas declined during the first 
ten years of the study period due to the migration of youth 
from rural areas to the cities searching for jobs (US De-
partment of Agriculture, 1993; Department of Statistics, 
2014; Perdew, 2014). However, in the next 20-year period 
(1995–2015), the agricultural sector witnessed rising rates; 
this might be because of turning the youth back after find-
ing no suitable jobs in the cities. The research reached the 
point that the percentage of the fluctuation rates in the ag-
ricultural cover is changed with the soil cover areas; when 
the decrease occurs in agricultural activities, the increase 
occurs in the soil covered areas (Figure  5). The urban-
ization expansion influences the barred rock area in the 
study area; however, in the last ten years of the targeted 
period, the rock outcropped area has increased by about 
1% because of the natural soil erosion in the study area. As 
urbanization has an apparent trend in landuse change, a 
chart was created to plot the percentages for the urbaniza-
tion activities during 1985–2015. The trend shows a linear 
correlation between the years and the percentage of urban 
land cover; extending the chart to the next 30 years gives 
a prediction of increasing the land use for urbanization to 
reach 21% of the total area in 2054 (Figure 6). 

Percentages of each class of landuse map for every year 
were drawn as a pie chart to bitter understand the changes 
of the landuse over that period; Figure  7 shows the re-
sulted charts; it concludes that the significant changes 
in the landuse are in the soil cover and urbanization ac-
tivities within the governorate, and that the urbanization 

Table 1. Land suitability classes for each limitation of different 
land utilization

Suitability class Code Description of limitation

Highly Suitable S1 Land having no significant or only 
minor limitation

Moderately 
Suitable S2

Land having limitations which in 
aggregate are moderately severe for 
sustained application

Marginally 
Suitable S3

Land having limitations which in 
aggregate are severe for sustained 
application

Not Suitable NS

Land having limitations which may 
be surmountable in time but which 
cannot be corrected with existing 
knowledge at currently acceptable 
cost
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Figure 4. Landuse classifications for the targeted years in Irbid governorate

Figure 5. Soil cover to Agricultural cover ratios Figure 6. Urbanization prediction according to the landuse 
maps for the coming 20 years
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increased from 2% up to 11% while the soil decreased 
from 46% to reach 33% in the year 2015.

An examination of LULC change over the study period 
highlighted substantial loss of natural and semi-natural 
landscape units and expansion of a human dominated 
landscape. These changes have the potential to affect land 
productivity, habitat quality, ecological processes and 
functions, ecological resilience, and ultimately, general 
human well-being. Future land use management plans 
based on simulated LULC maps may prove important 
in reducing pressure on natural ecosystems and assist in 
minimizing the expansion of human land-use activities, 
thereby reducing or eliminating any further degradation 
of ecosystem functionality.

Land suitability map for Irbid was generated based on 
the different criteria for agricultural land suitability; the 
criteria were classified into four levels in Table 1. Overlay 
tool was applied to produce the suitability map; this start-
ed by mapping the rainfall; according to (Ministry of Wa-
ter and Irrigation [MWI], 2010), the mean annual rainfall 
ranges between 150 mm in the eastern and western parts 

to 650 mm in the western part of the governorate as the 
historical records of the Ministry of Water and Irrigation, 
records were mapped using krigging method under the 
GIS softwater to produce the thematic map of this factor, 
as shown in Figure 2 above, the rainfall map was modelled 
as a suitability factor map according to Table 2 to produce 
the map shown in Figure 8a. This figure shows that most 
of the area has high rainfall suitability for agricultural 

Figure 7. Land use classification percentages in 4 different years

Table 2. Land suitability for agriculture criteria

Environmental 
factor

Suitability class 

S1 S2 S3 NS

Value 4 3 2 1
Rainfall (mm/yr) >250 200–250 150–200 <150
Soil permeability High Medium Low Very law
Slope % <15 8–15 5–8 >5
Depth to water (m) <100 100–150 150–250 >250
GW salinity (ppm) <700 700–1000 1000–1500 >1500
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activities. Rainfall distribution and amount are other vital 
factors that affect agricultural suitability. A watershed is an 
area that naturally drains water into a specific water body; 
watersheds drain rainfall and snowmelt into streams and 
rivers, Digital Elevation Model (DEM) for the targeted 
area was used to develop this map using the Hydrology 
tool under the GIS software. Figure 8b shows the different 
watersheds within Irbid governorate. Aspect maps repre-
sent the horizontal orientation of a surface and are deter-
mined in units of degrees.  

According to Figure  1b, the study’s area DEM, it is 
found that the area’s topography ranges from 340 m be-
low sea level to 1060 m above sea level. Building the aspect 
model was created to determine the exposure amounts of 

sunshine over the targeted area, the aspect model was de-
rived using the DEM under the GIS software, Figure 9a 
shows aspect map for Irbid. A slope percentages map was 
also derived from DEM; the slope percentage dataset was 
processed and divided the area into different categories 
according to (Mazahreh et al., 2018) for representing lev-
els of slope suitability for agriculture (Farhan & Al-Bakri, 
2012) as shown in Figure 9b. 

Depth to Groundwater refers to the distance between 
the water table and ground surface, different well records 
collected from the MWI (2016) for developing the need-
ed map using the same krigging method by GIS software 
(Figure  10a), depths to water table in the targeted area 
ranges from 100 to 300 m, areas with shallower water table 

Figure 8. Rain suitability map for the area (a); Watersheds in Irbid (b)

Figure 9. Aspect mp for Irbid area (a); Slope map for the area (b)
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Figure 10. Depth to water table in Irbid (a); Salinity map for grounswater in Irbid area (b)

Figure 11. Soil types in Irbid (a); Soil Permeability classes in Irbid area (b)

reflect higher suitability classes. Water quality is another 
factor that includes in the index, it reflects the salinity of 
the water which might be used for irrigation. A salinity 
map for the targeted area was modelled by testing the 
water samples collected from groundwater wells located 
within the study area (MWI, 2016). The salinity records 
in the aquifers in Irbid area range from 660 to 2400 ppm, 
as shown in Figure 10b.

Soils in the targeted area are classified into three class-
es according to its permeability properties as shown in 
Figure 11a, high permeability classes; which includes the 
gravel soil, this soil is existing in the western parts of the 
area. Medium permeability soils with main great groups 
of loam, silt clay, sandy loam, clay loam soils, and Low 

permeability soils, containing the clay and clay loam soils, 
perm ability classes are shown in Figure 11b. 

Applying the principle for the Agricultural Suit-
ability Map; merges all the primary factors that affect 
the agricultural activities and the suitability index was 
reached in this study (Table  2). The final agricultural 
suitability map is shown in Figure 12. According to the 
model, the targeted area divided into four main classes: 
the low suitability class, which covered 5.8% of the gov-
ernorate’s total area, 43.4% of the total area was reflect-
ing the medium suitability class. In contrast, 49% of 
the total area reflected the high suitability class, and 
1.8% of the area was very high suitable for agricultural 
activities.
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Conclusions

This paper focuses on LULC changes in Irbid Governo-
rate, Jordan, using remote sensing data and GIS technol-
ogy. Results show that LULC changes were significant 
during the period from 1985 to 2015. There is a notable 
increase in urban areas. On the other hand, there are fluc-
tuations in agricultural areas, barren rocks, and soil areas. 
This paper indicates the impact of population on LULC 
change. The study also confirms that integrating GIS and 
remote sensing technologies is a valuable tool for urban 
planning and management. Through the research, a suit-
ability index for agricultural lands suggested in this study 
uses different geospatial factors. The generated map shows 
that most of the Irbid governorate area is classified as me-
dium to high suitability for agriculture; this raises the im-
portance of applying the LCLU models to protect those 
areas, here it should be noticed that the landuse must be 
governed in order to reduce losing the agricultural areas.

However, it worth to mention that the index still re-
quires more validation and development, which is recom-
mended in this study.
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