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Abstract: Aqaba is one of the main cities in Jordan which has ridged and surrounding hilly geography. 
Construction activities in these areas are increasing gradually, above all for housing and commercial 
purposes. Such express development put the environment at risk by natural ruins such as flood, changes 
of climate, landslides and so on, and becomes a safety hazard to the life and assets of local residents. 
Developing a management system at an early Stage can decrease the past effect of any environmental 
risk due to the intense construction. This paper identifies the surrounding hills of Aqaba which are 
exposed to the risk that we mean, and presents mainly a management system at an early Stage starting 
from geotechnical analysis. Measurement is made by ranking system, and is reviewed as matrices. The 
ranking systems are shaped after alteration from other obtainable strategies and requirements. Some 
assessment procedures and proposals for weak point's improvement in the reports are also discussed. 
Outcomes from the evaluations are also revealed in environmental threat map by means of 
Geographical Information System (GIS) to discover high, moderate or low possibility areas. 
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INTRODUCTION 

 
 At present land has become one of the limited source in Aqaba due to limitation of flat lands and the 
availability of hilly topography as an alternative investment sands. The City of Aqaba is a rapid industrial city 
and the city is compact. To face the future challenges due to rapid economic development, there are soaring 
demands on flat ground area requirements (Bujangt and Jamaludin, 2005). Even though some land repossession 
has been already done, it is not enough to get together high demand of flat areas within the gulf. As a result, 
developers shift to hilly areas for the new projects. Such growth involves high threat since hilly areas are very 
responsive with respect to environment. 
 Mountainous areas are considered high prospective for development due to the gorgeous setting they offer. 
On the other hand, such growth is a subject to risks to both people and the environment. Exemplars of 
environmental threat are flood, soil erosion, earthquake, etc., which make the occurrence of many concerns such 
as, hurt of people; risk to life; damage to assets, environment and economy. 
 Risk evaluation is considered as the primary step in a risk management development and is the strength of 
mind of either quantitative or qualitative value of risk associated to an actual situation, and a predictable threat. 
The most vital tread in the risk management process, and might also be the most complicated task to carry out as 
it is prone to many errors. Once risks have been recognized and judged, the steps to appropriately deal with 
them are greatly more programmatic. 
 Aqaba is one of the many rapidly economizing cities in Jordan with a largely urban population. Now a day, 
efforts at the development of economic sectors has been increased, leading to larger population and more 
demands on flat land (Sew et al., 2003). Some of the hills have been already built up which led to a lot of 
environmental problems such as decimation of water catchments, landslides, soil erosion, downstream flooding, 
sedimentation and water pollution. There are so many projects in the mount areas have been failed regarding to 
some geotechnical and ecological factors. The factors that have an effect on this ecological risk and their related 
improvement must be known in an early stage before any repetition of risk to the environment. Therefore, 
environmental threat measurement preparation for each development project in the area of Aqaba becomes 
extremely necessary. 
 This study plans to reach three objectives:  
 Assessing the observances of the primary project information (Geo-technical information) based on the 

current requirements and corroborating its enforcement,  
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 Understanding the geo-technical factors that contribute to the environmental threat and 
 Determining regions showing high, medium or low threat areas. 
 
 The location of the study areas are mounts surrounding Aqaba city which is shown in Figure 1. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1: Location map of the study area (Aqaba and the East Mountains). 

 
Methodology: 
 Assessment of primary project reports is carrying out through six main stages which are derived from 
existing strategies and result of many researchers with a few modifications on particular areas of interest. 
 
Stage 1: Location and Parameters Assortment: 
  Fifteen locations were chosen from the urban area in mounts of Aqaba. The assortment of the locations was 
mostly reliant on the ease of use of the geo-technical report. Parameter assortment was derived from the 
requirements of usual Geo-technical reports. 
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 There were so many parameters that have been chosen such as: slope (i), Dust layout (dl), stone quality 
description (SQD), shear strength parameters (c, ø), land-use fitness, commendation on gradient stabilization 
measures, strength analysis, stone fall analysis, commendation on maintaining and establishment systems, 
commendation on dust attrition and sedimentation directing, commendation on maintenance control, and 
groundwater altitude. 
 
Stage 2: Risk Categorization: 
 These parameters were categorized into Risk evaluation. The evaluations are likely happening of 
environmental danger from v. low (1) to v. high (5). These risk evaluations are adapted and attained from related 
existing plans and requirements. 
 The first categorization is Slope. This categorization is an alteration from Aqaba region categorization and 
earthquake Hazard (Mineral Department of the Hashimiate Kingdome of Jordan, 2006) and shown in Table 1. 
 
Table 1: 

Slope gradient 
(Degrees) 

Desecration Risk 

<15 Land is suitable to be developed, soil erosion is very minimal and not danger to safety. 1 
>15-25 Land is suitable to be developed but with some consideration, such as the area is moderately populated, 

maximum height for building is five levels, and the building design follows the natural slope profile and 
reduces cuts and earth work. 

2 

>25-35 Land is moderately sensitive but suitable for development in this zone should be controlled and earth 
works, such as cutting slope to prepare platform shall be minimum. 

3 

>35-60 Land is sensitive and development shall be strictly controlled. Since soil erosion and landslide occurrence 
are critical in this zone, earth works requiring cut slopes, and benchmark shall also be strictly controlled for 
safety. 

4 

> 60 Land is very sensitive and strictly not allowed for any development. Because in this zone soil erosion and 
landslide occurrence are very critical for safety. 

5 

 
 The second is Dust layout Categorization which is taken from ARA (2005) and adapted, as revealed in 
Table 2. The Categorization takes into account N Schmidt recover value including load over the materials. 
 
Table 2: Possibility of Environmental Threat regarding Dust layout Categorization (Modified from ARA, 2005). 

Description Characteristics 
(N Value) 

Risk 

Fresh rock with high strength. Soil not exposed to erosion and landslides and has very low risk 
for safety. 

>60 1 

Slightly decomposed granite with high strength. Soil not exposed to erosion and landslides, and 
has low risk for safety. 

>45-60 2 

Moderately decomposed granite with moderate strength. Soil exposed to moderate erosion and 
landslides, and has moderate risk for safety. 

>25-45 3 

Highly decomposed granite with minimum strength. Soil exposed to highly erosion and 
landslides, and has critical risk for safety. 

<25 4 

Residual soil/completely decomposed granite with minimum strength. Soil exposed to very 
highly erosion and landslides, and has very critical risk for safety. 

No rebound from N 
Schmidt Hammer 

5 

 
 Assessment of the stone quality from Stone Quality Description in percent is exposed in Table 3. Other 
categorizations of parameters are also shown in Table 4 to Table 14. 
 
Table 3: Possibility of Environmental Threat, modified from (Chi Yuejun et al., 2000). 

Stone Quality 
Designation (%) 

Stone Quality Risk 

> 90 - 100 Excellent and very low ground instability effect that can cause problem and human safety. 1 
> 75 - 90 Good and low ground instability effect that can cause landslide problem and human safety. 2 
> 50 - 75 Fair and medium ground instability effect that can cause landslide problem and human safety. 3 
> 25 - 50 Poor and high ground instability effect that can cause landslide problem and human safety. 4 

0 - 25 Very poor and very high ground instability effect that can cause landslide problem and human safety. 5 

 
Table 4: Possibility of Environmental Threat Regarding Flexibility Index modified (Das, 2002). 

Plasticity Index (%) Description Risk 
>40 
>20 - 40 
>10 - 20 
>5 - 10 
>1 - 5 

Very high plasticity 
High plasticity 
Medium plasticity 
Low plasticity 
Slightly plasticity 

1 
2 
3 
4 
5 
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Table 5: Possibility of Environmental Threat Regarding Shear Strength of Coarse Grained Soil (IKRAM, 1998). 
Relative density Allowable soil pressure (KN/ m²) Risk 

  Very dense 
  Dense 
  Medium 
  Loose 
  Very soft 

  >470 
  280 - 470 
  80 - 280 
  0 - 80 
  NOT SUITABLE 

1 
2 
3 
4 
5 

 
Table 6: Possibility of Environmental Threat Regarding Shear Strength of Fine Grained Soil (IKRAM, 1998). 

Consistency Strength (KN/m²) Risk  
Hard 
Stiff 
Medium 
Soft 
Very soft 

>400 
100 - 400 
50 - 100 
25 - 50 
0 - 25 

1 
2 
3 
4 
5 

 
Table 7: Possibility of Environmental Threat Regarding Land-Use Classes (Modified from Taib, 2006). 

Class Description Percentage of site 
area (%) 

Risk 

Class 1 
Low geotechnical limitations. Insitu terrains with <15º slope gradient, very minor 
erosion and environmental risk. 

>80% - 100% 
>60% - 80% 
>40% - 60% 
>20% - 40% 

<20% 

1 
2 
3 
4 
5 

Class 2 
moderate geotechnical limitations. Insitu terrains with 60º - 25º slope gradient, 
minor erosion and environmental risk 

<20% 
>20% - 40% 
>40% - 60% 
>60% - 80% 

>80% - 100% 

1 
2 
3 
4 
5 

Class 3 
High geotechnical limitations. Insitu terrains with 26º - 35º slope gradient, severer 
erosion, landslide and environmental risk 

<20% 
>20% - 40% 
>40% - 60% 
>60% - 80% 

>80% - 100% 

1 
2 
3 
4 
5 

Class 4 
Extreme geotechnical limitations. Insitu terrains with <35º slope gradient, very 
severe erosion landslide and environmental risk. 

<20% 
>20% - 40% 
>40% - 60% 
>60% - 80% 

>80% - 100% 

1 
2 
3 
4 
5 

 
Table 8: Possibility of Environmental Threat Regarding Commendation of Slope Stabilization Measures (modified from Sew and Tan, 

2003). 
Description Risk 

Very good explanation of recommendation and planning for all expected failures, including drawing/plan, checking factor of 
safety of slopes and degrees of compaction for fill. Material to avoid any environmental risk. 

1 

Good explanation of recommendation and planning for all expected failures including checking factor of safety for slopes and 
degrees of compaction for fill soil for improving stability and avoiding environmental risk, but no drawing/plan. 

2 

Moderate explanation of recommendation and planning for all expected failures including checking factor of safety of slopes 
for improving stability and avoiding environmental risk, but no degrees of compaction for fill soil. 

3 

Minimum explanation of recommendation and planning for all expected failures to improve ground stability and avoid 
environmental risk, no factor of safety checking for slopes. 

4 

No recommendation or not enough recommendation/planning on factor of slopes, drawings, degrees of compaction for fill 
soil included. 

5 

 
Table 9: Possibility of Environmental Threat Regarding Commendation of Slope Stability Analysis (Modified from M.C. Turrini and P. 

Visintainer 1998) 
Description Risk 

Very good analysis on slope stability including and recommendation on slope gradient for cut and fill (not less than 
1V:1.5H), FOS (not more than 1.4), settlement checking (if soft ground occur) and berm environmental risk. 

1 

Good analysis on slope stability including and recommendation on slope gradient for cut and fill 
(not less than 1V:1.5H), FOS (not more than 1.4), settlement checking (if soft ground occur) to ensure stability of the slope 
and prevent slope from sliding and any environmental risk but no berm interval stated. 

2 

Moderate analysis on slope stability including and recommendation on FOS (not more than 1.4), settlement checking (if 
soft ground occur) and berm interval not more than 7 m to ensure stability of the slope and prevent slope from sliding and 
any environmental risk. However, no slope gradient for cut and fill or gradient less than 1V:1.5H recommended.  

3 

Minimum analysis on slope stability including explanation and recommendation on slope gradient for cut and fill (not less 
than 1V:1.5H) and berm interval not more than 7 m to ensure stability of the slope and prevent slope from sliding and any 
environmental risk but no settlement checking (if soft ground occur) and FOS or FOS more than 1.4 . 

4 

No analysis on slope stability or not enough analysis with one slope for FOS, slope gradient for cut and fill slope or berm 
interval to prevent slope from sliding and environmental risk. 

5 
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Table 10: Possibility of Environmental Threat with Regarding Stone Fall Analysis (Modified from IEM, 2000). 
Description Risk 

Very good analysis and recommendation on rock fall analysis including blasting guidance, drawing/plan and buffer zone 
more than 20 m to prevent environmental risk due to probability of rock falling.

1 

Good analysis and recommendation on rock fall analysis including blasting guidance and buffer zone not less than 15 m to 
prevent environmental risk due to probability of rock falling but drawing/plan to support the recommendations. 

2 

Moderate analysis and recommendation on rock fall analysis including blasting guidance and buffer zone not less than 10 
m to prevent environmental risk due to probability of rock falling.

3 

Minimum analysis and recommendation on rock fall analysis including buffer zone more than 7 m to prevent 
environmental risk due to probability of rock falling but no blasting guidance.

4 

No or not enough analysis and recommendation on rock fall analysis except one of blasting guidance buffer zone less than 
7 m and exposed to environmental risk due to probability of rock falling. 

5 

 
Table 11: Possibility of Environmental Threat Regarding Commendation on Maintenance Monitoring (Modified from Sew and Tan, 2003). 

Description Risk
Very good explanation and recommendation on maintenance monitoring plan due to control effects of development on 
environmental risk from time to time. The plan includes routine monitoring, engineering inspections, regular monitoring by 
firm and table of sequence for monitoring. 

1 

Good explanation and recommendation on maintenance monitoring plan due to control effects of development on 
environmental risk from time to time. The plan includes routine monitoring, engineering inspections, regular monitoring by 
firm and no table of sequence for monitoring. 

2 

Moderate explanation and recommendation on maintenance monitoring plan due to control effects of development on 
environmental risk from time to time. The plan includes routine monitoring, engineering inspections but no regular 
monitoring by firm and table of sequence for monitoring.

3 

Minimum explanation and recommendation on maintenance monitoring plan due to control effects of development on 
environmental risk from time to time. The plan includes engineering inspections but no routine and regular monitoring. 

4 

No or not enough explanation and recommendation on maintenance monitoring plan due to control effects of development 
on environmental risk from time to time. The plan excluding one of routine, regular monitoring or engineering inspections. 

5 

 
Table 13: Possibility of Environmental Threat Regarding Commendation on Soil Erosion and Sedimentation Control Plan (M.C. Turrini and 

P. Visintainer, 1998). 
Description Risk

Very good explanation of recommendation for soil erosion and sedimentation control plan including drawing/plan and 
proper drainage systems. 

1 

Good explanation of recommendation for soil erosion and sedimentation control plans including proper drainage systems 
but no drawing/plan to support the explanations.

2 

Moderate explanation of recommendation for soil erosion and sedimentation control plans including minimum drainage 
systems. 

3 

Minimum explanation of recommendation for soil erosion and sedimentation control plan including improper drainage 
systems. 

4 

No or not enough explanation of recommendation for soil erosion and sedimentation control plan except drainage systems 
or drawing/plan in the plan.

5 

 
Stage 3: Report Evaluation: 
 18 reports were reviewed using the categorization stated in Stage 2 as guiding principles. Ranking results 
from the assessment was saved as raw data for advanced analysis (Streckeisen, 1973). 
 
Stage 4: Ranking: 
 After assessing all reports and saving the data, the ranking risks were specified and the usual ranking for all 
reports were considered.  
 

 Project Number
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 Avg.

risk 

G
eo

te
ch

ni
ca

l p
ar

am
et

er
s 

Slope gradient 3 5 2 1 4 3 2 4 1 1 2 5 2 5 3 3 2.88
Soil profile 3 5 4 3 1 4 1 4 3 2 3 2 5 2 2 4 3.00

Rock quality designation 3 4 1 4 3 4 3 5 3 5 3 3 3 4 4 2 3.38
Plastic index 5 3 2 2 5 3 3 5 3 4 3 4 5 3 3 5 3.63

Shear strength 5 2 5 2 5 5 2 5 3 4 5 5 4 5 3 1 3.81
Ground water 1 1 1 3 3 1 1 2 4 3 3 3 1 1 1 2 1.94

Land-use suitability 3 5 1 1 5 1 2 5 1 1 1 5 2 5 3 3 2.75
Slope stabilization 

measure 
1 2 1 1 4 2 1 1 4 3 3 2 1 4 1 1 2.00

Stability analysis 2 1 2 1 2 2 1 2 4 2 2 3 1 2 1 1 1.81
Rock fall analysis 1 5 1 1 3 4 2 5 2 1 2 5 1 4 4 2 2.69

Retaining and 
foundation system 

3 3 1 1 2 2 1 2 3 2 3 2 1 5 1 1 2.06

Soil erosion and 
sedimentation control 

4 1 3 1 2 2 1 3 2 2 3 3 3 4 1 3 2.38

Maintenance monitoring 2 2 1 1 2 2 1 4 1 2 2 1 1 3 4 1 1.88
Average risk 2.7

7 
3.0
0 

1.9
2 

1.6
9 

3.1
5 

2.69 1.62 3.62 2.62 2.46 2.69 3.31 2.31 3.62 2.38 2.23 2.63

Overall risk 3 3 2 2 3 3 2 4 3 2 3 3 2 4 2 2 3

 

Fig. 2: Template analysis of Environmental Threat for Aqaba Mounts adopted from (Kuitunen et al., 2008). 
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Stage 6: Mapping: 
 The concept of analysis using GIS is manipulating and processing the data layers where all the collected 
data had been stored in attribute forms. For this purpose, every single data layer was run through several steps of 
analysis before the final layers overlay could be made to produce outputs of risk zonation maps. The data 
preparation and analysis includes following stages (Ahmad, 2005): 
 
a. Data Collection: 
 The presented data of road routing maps were collected from Royal Geographical Center (RGC), Jordan 
(RGC, 2010). Non-digital data for this research were collected from element feature data in the form of ranking 
value. The feature data for Aqaba mounts 2. 
 
b. Improvement of the Area Risk Map: 
 Environmental risk Area refers to the regions within a piece of land that indicate a variety of parameters 
that can extensively cause the earth crash. The improvement being used in classifying the wobbly risk level 
localities among the study area could then be used for risk assessment as shown in figure 3. 
 

 
 
Fig. 3: Shows the environmental hazard allocation map in the mount of Aqaba. 
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 Environmental hazard at Aqaba mounts are dust outline (0.79), shear force (1.00) and ground use fitness 
(0.65) as shown in Figure 3. Soil profile causes higher probability to environmental risk in the mounts of Aqaba. 
This may be owing to difference in environment of soil for this location. 
 In addition, from evaluate process, main factor comes from majority of the soil level which is Quite 
Decomposed Stone with high strength. Though, it is observed that several project information did not achieve 
appropriate analysis and computation on soil tests. Additionally, lots of project information of this area did not 
contain information of the results of soil sample. As a result, possibilities of environmental threat become more.  

 
 
Fig. 3: Environmental Threats of Aqaba Mounts Parameters. 
 
Suggestions for Avoiding Environmental Threat: 
 Analysis of project position is shown in Table 14 as follows: 
 
Table 14: Threshold Evaluation. 

Risk Probability Description 
Very high risk 
High risk 
Medium risk 
Low risk 
Very low risk 

The project is rejected 
The project needs to make necessary correction to the report and resubmit. 
Approved with proper recommendation to improve every shortcoming. 
Approved with proper further monitoring. 
Approved. 

 
 Projects that are in medium threat, high threat or very high-threat group needs high analysis dedication. 
Faults and reactions should be taken in to account to minimize environmental threat by going back to the 
outcome of this research. 
 
Conclusion: 
 So many reports were assessed to fulfill requirements of about 10 parameters. Most of the projects didn’t 
fully fulfill with the requirements to supply appropriate data that was considered as a difficulty in allocating 
threat category. More than that, project plans didn’t match with the problem from key data that made it hard to 
allocate a threat factor. 
 With the assist of (GIS), the running geotechnical mission reports of the desired mounts can be seen in a 
map joint with the possibility of environmental danger. In Aqaba mount areas 4% of project locations are at high 
environmental threat, 49% are at medium environmental risk and other 47% are at low environmental threat. As 
a result, environmental threat at mount location development can be discovered in an early stage through the 
associated plan to avoid being in high risk. 
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