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In this paper, the ASTER Digital elevation model (DEM) corresponding to
30×30 m data spacing (medium resolution) is used to produce slope steepness,
slope variations in the Syrian territory. The topographic slope corresponding
to time-averaged shear wave velocity model (Vs30) developed by Allen and Wald
[1] has been used to derive empirical formula, and then to generate base data of
Vs30 map for the Syrian territory. We have found that the values of Vs30 vary between
Vs30 180 to 760 m/s and fit the geological and topographic setting of Syria.
Site-specific amplification factors (Fa and Fv) maps have been estimated with
respect to the empirical equations proposed by Borcherdt [2] . The value of
short-period amplification factor Fa varies from 0.91 to 1.85, while the value of
mid-period Fv lies in the range 1.16 - 3.15. Comparing the estimated values of
amplification factors for the Syrian territory shows a good similarity to those
assigned in IBC-2006 for the same site-class. The acceleration-independent
amplification factor F found to be changing from 1.38 to 5.83. The reclassified
amplification factor F map shows clearly the areas with high potential for amplify-
ing ground motion. The obta ined maps are highly required by the Syrian
anti-seismic design code. These maps have stored numerically with a resolution
of 30×30 m. The results show that the slope angle-velocity model is an applicable
technique for estimating seismic surface shear wave velocity (Vs30 ). Image
processing and remote sensing data, as well as digital elevation model can be
used successfully to derive amplification maps.
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ABSTRACT

1. Introduction

The current work presents the amplification
maps with respect to the ground motion intensity (I)
for Syrian territory for the first time. The aim of this
work is estimating the site-specific amplification
using satellite images especially the digital elevation
model products. Image processing and remote
sensing data, as well as digital elevation model can
be used successfully to derive amplification maps,
especially if the resolution of DEM and remote
sensing images are medium. The manuscript presents
a new way for preparation of spectral amplification

maps of Syria using the slope angle-velocity
model and with respect to ground motion intensity.
The amplification maps are very important for civil
engineers to calculate the total shear forces when
designing infrastructure.

Image processing followed in the present work
includes four major steps; 1) Making digital elevation
model from remote sensing data or downloading them
from proper website and recombine them in one
image; 2) Creating a slope-angle image with 3×3
matrix of pixels using maximum squared technique;
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3) Applying derived empirical equation to determine
the time-averaged shear velocity on each pixel; 4)
applying various amplification equations on each
pixel of an image size. Classified image of general
amplification factor is generated. We have written
programs in C language to calculate slope, shear
velocity, and predominant period output images
from digital elevation model image (ASTER
satellite). We have also used ArcGIS software to
produce final images.

Estimation of ground motion severity at different
site-condition is essential for anti-seismic design as
well as for seismic safety analysis. Mapping seismic
site-condition provides a great importance for
recognition of ground-motion amplification [3-5].
An alternative method has proposed by Wald and
Allen [6] for evaluating global seismic site conditions,
or the time-averaged shear velocity to 30 m depth
(Vs30

 ), from the Shuttle Radar Topography Mission
(SRTM) 30 arcsec ( ≈ 1×1  km) digital elevation
models (DEMs). This method is developed for two
sets of coefficients for predicting Vs30: one for active
tectonic regions that possess dynamic topographic
relief, and one for stable continental regions where
changes in topography are more subdued. The appli-
cation of the topographic slope-velocity method in
regions with abundant Vs30 measurements indicates
that this method provides site condition-maps of similar
quality, or in some cases, maps superior to those
developed from more traditional techniques [1]. The
maps derived from the slope-velocity model often
well correlated with other independently derived,
regional-scale site-condition maps. The slope-based
method provides a simple approach to uniform site-
condition mapping [6]. The topographic slope can be
used as a reliable proxy for Vs30 in the absence of
geological and geotechnical based site-condition
maps through correlations between Vs30 measure-
ments and topographic gradient [7].

A comparison between steeper topographic
slopes and recent seismicity shows a great match.
The current active tectonism and the topographic
relief in the Middle East region is correlated one
to one feature. The distribution of earthquake
epicenters shows that earthquakes occur where
the slope angle and topography are high. It is also
noticed that the slightly difference in topography
might reflect the soil condition and the boundary of
major tectonic feature. A correlation of topographic

slope with surface wave velocity (Vs30) shows a
great match. Using medium resolution (30×30 m) of
DEM data could estimate finer-scale variations in
topographic gradient. This is much better to corre-
late the velocity-slope angle model to geological and
geomorphic features. Recent studies have confirmed
good correlations between Vs30 and both slope and
geomorphic indicators in Japan [8], and elevation
with Vs30 in Taiwan [9]. Consequently, topographic
variations should be an indicator of near-surface
geomorphology and lithology to the first order, with
steep mountains indicating rock, nearly flat basins
indicating soil, and a transition between the end
members on intermediate slopes. In addition, the
topographic slope should be compatible with shear
wave velocity (Vs30 ), amplification, and predominant
period of surface soil. High-velocity materials are
more likely to maintain a steep slope whereas basin
sediments are deposited primarily in environments with
very low gradients and described by low shear-wave
velocity.

Many of the ground motion prediction equations
[9-10] are calibrated against seismic station site
conditions described with Vs30 values. As well,
various scientists have shown various attenuation
relations for numerous countries [11-13] based on
peak ground or spectral accelerations. Different site
conditions can induce amplifications of different
period ranges in the response spectra [14-15]. A
building may be more severely damaged if the
natural periods of the structure happen to be close
to the amplified periods of the ground [16-18].
Therefore, the local site conditions become impor-
tant in ground motion analysis and in earthquake
resistant designs. An earthquake response spectrum
compatible with local site condition, anchoring to
appropriate peak ground acceleration (PGA), is
a common input for structural dynamic analysis
[19-21]. The geologic condition at a site is commonly
restricted to the upper-most layers. Anderson et al.
[22] have found that the surficial geology (upper
30 m) has a greater influence on ground motions
compared to thickness of layers, criteria for site
classification based on near-surface properties alone
are incomplete. They recommended the use of
spectral decay parameter (k) and observed resonant
frequencies, in addition to Vs30, to characterize sites
where 1D modeling is appropriate. Because quanti-
tative subsurface soil properties are not commonly
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available for every site, the use of surface geology
becomes important in understanding the subsurface
geologic conditions. Empirical relationships between
the surface geology and the subsurface shear-wave
velocity have been developed and are used in
ground motion amplification predictions [3, 23, 24,
25]. Various versions of the international building
codes (e.g., [26]) have assigned the values of
amplification factors of Fa and Fv for each site-
class with respect to the various ground motion
levels of acceleration, Tables (1-a) and (1b).

2. Study Area

Syria lies between latitude 32.3° to 37.4°N and
longitude 34.5° to 42.5° E and covers an area of
about 185,180 km2. Syria is located in southwestern
Asia, north of the Arabian peninsula in the Middle
East, at the eastern end of the Mediterranean sea. It
consists of mountain ranges in the west and farther
inland a steppe area. In the east is the Syrian desert
and in the south is the Jabal al-Arab. The highest
point in Syria is mount Hermon (2,814 m) on the
Lebanese border, lowest point: unnamed location near
Lake Tiberias -200 m.

In Syria, perhaps instrumental seismicity is low
to moderate; most of earthquakes occur along Dead
Sea Fault System (DSFS), Palmyride fold belt and
Abd el Aziz-Sinjar uplifts [27]. Dead Sea Fault

Table 1a. The values of short-period amplification factor Fa for different site-class [26]. Ss is the cutoff input peak acceleration
in g.

Table 1b. The values of mid-period amplification factor Fv for different site-class [26]. Ss is the cutoff input peak acceleration
in g.

System plays an important role in Syrian seismicity.
Many destructive earthquakes occurred along
Dead Sea Fault causing severe damage in Syria and
neighboring countries. Historical documents provide
an account of damaging earthquakes occurred in the
years 1157, 1170, 1202, 1408, and 1837. Figure (1)
shows Syrian seismicity catalog for the period of
1365 BC till 2014 AC plotted on digital elevation
image.

The plate boundary processes affect the overall
tectonics of the Syrian territory and are mainly
responsible for the structure and kinematics in the
study area and Middle East region, including the
intraplate processes. In a general sense, the dynamic
plate boundary processes in Syria and surrounding
countries are manifested in the present day topogra-
phy [28]. Higher topography and relief in the region
coincide mainly with plate collision zones such as
the Zagros. Distinct topographic features are also
observed along DSFS and other tectonic features in
Syria. A correlation of steeper topographic slopes
and recent seismicity are observed. Topography
variations to some extent reflect the seismic activity
in the region. Higher topography is an indication of
seismicity of the area. Intuitively, the topography
variations in sedimentary basin might reflect the
seismic activity in the area, especially when it is
accompanied with the existence of earthquake
epicenters.
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Figure 1. Syrian seismicity catalog for the period of 1365 BC till 2015 AC plotted on digital elevation image, black triangles represent
the Syrian seismological stations.

3. Digital Elevation Model (DEM)

ASTER data is used for generation of digital
elevation models, slope and hazard monitoring. The
ASTER DEM data corresponding to 30×30 m data
spacing is used to produce slope steepness and
slope variations in the study area.  Digital elevation
models are data files that contain the elevation of the
terrain over a specified area, usually at a fixed grid
interval over the "Bare Earth". The intervals between
each grid points will always be referenced to some
geographical coordinate system. Quality DEM
products are measured by how accurate the
elevation is at each pixel and how accurately the
morphology is presented. Several factors are impor-
tant for the quality of DEM-derived products:
terrain roughness, sampling density (elevation data
collection method), grid resolution or pixel size,
interpolation algorithm, vertical resolution and
terrain analysis algorithm. The common uses of
DEMs include: extracting terrain parameters,
modeling water flow or mass movement, creation of
relief maps, rendering of 3D visualizations, creation
of physical models (including raised-relief maps),
rectification of aerial photography or satellite
imagery, reduction (terrain correction) of gravity

measurements (gravimetry, physical geodesy) and
terrain analyses in geomorphology and physical
geography. The digital elevation image has been
generated for Syria and the surrounding countries
as seen in Figure (2).

4. Topographic Slope

For each cell, slope calculates the maximum rate
of change in value from that cell to its neighbors.
Basically, the maximum change in elevation over the
distance between the cell and its eight neighbors
identifies the steepest downhill descent from the
cell. Conceptually, the Slope function fits a plane to
the z-values of a 3×3 cell neighborhood around the
processing or center cell. The slope value of this
plane is calculated using the average maximum
technique. The direction that the plane faces is the
aspect for the processing cell. The lower the slope
value, the flatter the terrain is; the higher the slope
value, the steeper the terrain is. Based on the slope
function mentioned above, the slope image has been
produced for the study area using the ASTER-DEM
image data with resolution 30×30 m as seen in
Figure (3). The slopes are calculated in degrees,
using average maximum technique.
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Figure 2. Classified DEM image produced for study area using Aster data and overlaid by tectonic features.

Figure 3. The slope variations image of the study area.

5. Slope Angle-Velocity Model

In this work, the velocity-slope model proposed
by Allen and Wald [1] has been used to produce
empirical formula. The unit of slope ranges has
converted to degree and then the values of velocity

were calculated for each pixel size. The study area
has divided into several files for simple calculation.
Image processing followed in the present work
includes four major steps; making digital elevation
model from remote sensing data or downloading
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them from proper website and recombine them in
one image; creating slope-angle image from 3×3
matrix of pixels using maximum squared technique;
applying derived empirical equation to determine
the shear velocity on each pixel, applying various
amplification equations on each pixel of an image
size. We have written some programs in C language
to calculate slope, shear velocity, and predominant
period output images from digital elevation model
image (ASTER satellite). We have also used ArcGIS
software to produce final images.

Based on Wald and Allen [6] method and the
corresponded slope values (degree) estimated from
slope image at various locations of Syria, an empiri-
cal formula is produced that correlates the slope
angle with shear velocity. This formula is:

Vs  
30

 = 369.6 Sr
0.2515 where Sr

 : slope in degree. If

Sr = 0° then Vs 
30

 = 180; if Sr ≥ 18° then Vs 
30

 = 760.

This formula has been applied to produce the
base shear velocity Vs 

30 image and then we calcu-
lated various amplification factors for each pixel of
an Vs 

30 image to produce the amplification images
for short and mid-periods. Figure (4) shows the
produced Vs 

30 map for the study area.

Figure 4. The surface shear-wave velocity VS
30 map of study area.

6. Amplification Factors

The amplification factors Fa and Fv for short-
and mid-period motion may be predicted as a
function of time-averaged shear-wave velocity v
for various input ground-motion levels, I, with
respect to a reference ground condition by the
following equations

am
oaa vvIvF )/(),( =                                            (1)

and

vm
oav vvIvF )/(),( =                                            (2)

where

]/[/)],([ IVSCIVSC vvLogIvFLogm oaaa −−=

]/[/)],([ IVSCIVSC vvLogIvFLogm oavv −−=

IVSCv −  is time-averaged shear velocity for the site
class [2].

The general amplification factor F for any site
and without any respect to ground motion I, could
be predicted as:

vvF o /=

where ov  is the time-averaged shear velocity of rocky
medium  ./1050 smvo ≈

(3)
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Based on the produced velocity map, the maps
of amplification factors of F, Fa and Fv could be
estimated for Syrian territory with respect to the
ground motion levels of 0.1, 0.2, 0.3 and 0.4 g. The
results are shown in Figures (5), (6) and (7). The
general amplification F map is created using the
direct estimation of the average velocity of the rock
divided by the value of surface velocity of the soil
for each pixel size. Based on the values of F, the
Syrian area was classified into five categories: very
low (1.28-2.27), low (2.27-3.16), averaged (3.16-
4.05), intermediate (4.05-4.94) and high (4.94-5.83).
The classified map of F shows clearly the areas
of high and low amplification, as seen in Figure (7)
(right).

7. Amplification Factors along Damascus Basin

The Damascus basin, which covers a total area
of about 8,692 km2 , is located in the south-western

part of Syria and lies between 32°43' and 33°55'
of latitude N and 35°48' and 37° 05' of longitude E.
As a result of a series of tectonic, volcanic and
weathering events, which already started in the late
Mesozoic period, several fold structures appeared,
such as the mount Anti-Lebanon [up to 2,466 m above
sea level], mount Hermon (2,814 m), Palmyrides
(1,308 m) and mount Arab (1,790 m). The altitude
of the so-called "Damascus Ghotta basin" which
occupies the flat central part between the above-
mentioned fold mountains, ranges between 710 m at
the foothill of mount Qassyoun and 588 m at the
Al Hijaneh area [29]. From a geological point of
view, the Damascus basin is situated at the junction
between two major structures: the mount Arab
depression in the south; and the Palmyrides-fold
system, which includes also the mount Anti-Leba-
non, in the north and west. Consequently, the so-
called "Damascus depression" as a structure

Figure 5. Short-period Fa amplification factor maps made for Syrian territory for specified levels of input ground motion 0.1, 0.2, 0.3
and 0.4 g.



JSEE / Vol. 16, No. 4, 2014238

Raed Ali Ahmad

Figure 6. Mid-period Fv amplification factor maps made for Syrian territory for specified levels of input ground motion 0.1, 0.2,
0.3 and 0.4 g.

Figure 7. The general amplification factor F map made for Syrian territory without respect to the ground motion levels (left) and
it's classified image (right).

occupying the central zone, forms a geologic
syncline filled with continental and lacustrine depos-
its and volcanic lavas. Accordingly, the stratigraphic

sequence in the Damascus basin is represented by
the Jurassic, Cretaceous, Paleogene, Neogene and
Quaternary deposits [29].
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Since the output images are stored numerically,
one can take any profile to measure the variation of
amplification factors, elevation, and velocity. Firstly,
we have chosen two points of A and B along
Damascus basin. "A" is located at the coordinates
of 36.2984° E and 33.372° N, while "B" takes the
following coordinates of 36.752° E and 33.654° N.
Figure (8) shows the location of profile A-B drawn

Figure 8. Draped velocity image showing the profile A-B along Damascus basin.

on draped velocity (VS
30) map of the region along

Damascus basin. The changes in amplification
factors of F, Fa and Fv along A-B profile could be
easily estimated. The profile A-B is trending south-
west to north-east direction of Damascus city. The
variations in the amplification factors along profile
A-B is shown in Figure (9). The general amplifica-
tion factor "F" classified image shows that Damascus

Figure 9. Changes in short-period amplification factor Fa along profile A-B with respect to the ground motion levels of 0.1, 0.2, 0.3
and 0.4 g.
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basin is dominated by a high-amplification value
from 4.05 to 5.83. This factor is decreased to reach
3.16 near the foothill of mount Qasioun. Steep
topography has lesser value of the amplification
factor "F".

The changes in various amplification factors
of F, Fa, and Fv along profile A-B are shown in
Figures (9) to (11). The results show that the maxi-
mum amplification found to be around 3.15 for the
ground level of 0.1 g for mid-period of 0.5-2 s. The
minimum short-period amplification found  to be 0.92
for the ground motion level of 0.4 g. Damascus basin
reduces the ground motion level for strong earthquake
with PGA ≥ 0.4 g. The sediments in the Damascus
basin always amplify the ground motion parameters
for lower acceleration of 0.4 g. The value of general
amplification F factor varies from 1.5 to 5.8. The
effect of Damascus basin is manifested and directly
shown from amplification curves. For mid-periods,

the amplification factors always decrease towards
southern part of Palmyride fold belt near the location
of point "B". A comparison of amplification factors
with slope, elevation, and velocity have shown a great
match. The Damascus basin can be characterized
by low to medium shear wave velocity, low slope
angle 3° to 7°, and low elevation area less than 650
m. Figure (12) shows the comparison of slope,
elevation and Vs

30 along A-B profile along Damascus
basin.

The results estimated using remote sensing and
digital elevation model is compared to the results
estimated from previous field work done by Zaineh
et al. [30] for Damascus area. Zaineh et al. [30]
estimated the average short period Fa (0.05-0.5 s)
amplification factor using array measurements of
microtremors for thirty sites in Damascus region.
Based on his results, the estimated short period
amplification factor varies in the range 2.1-3.8. He

Figure 10. Changes in mid-period amplification factor Fv along profile A-B with respect to the ground motion levels of 0.1, 0.2, 0.3
and 0.4 g.

Figure 11. Changes in general amplification factorF (hard-rock to soil) along A-B profile.
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Figure 12. a) topography, (b) slope angle, and (c) velocity Vs30 variations along profile A-B.

Table 2. Comparison of estimated results from image processing method and field work done by Zaineh et al. [30] in Damascus
region.

also estimated the shear velocity up to 30 m for the
same thirty sites. The Vs

30 velocity value varies in
the range 301-592 m/s. His measured elevation,
amplification and velocity data have used for
comparison. In order to compare his obtained data,
the Borcherdt [2] amplification factors Fa and Fv
were computed, and a very close agreements to his

field results were found. The calculated averaged
standard deviations are: 2.38 m, 32.4 m/s and 0.46
for the elevation, velocity Vs

30 and general amplifica-
tion (F) respectively. The mean STD value for the
short and mid period is 0.065 as maximum, Table (2).
Tables (3) and (4) present various used parameters
calculations. In comparison to Borcherdt amplifica-
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Table 3. The estimated elevation, slope, Vs
30, and the amplification factors using ASTER DEM image processing method.

Table 4. The estimated elevation, Vs
30, and the amplification factors based on Zaineh et al. [30] field work.
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Table 4. Contine.

tion factors, it has been noticed that our proposed
technique give better estimation of averaged Fa
(2.096) than the array H/V method (Fa  = 3.024).

8. Conclusions

The results presented here show the use of
remote sensing data as well as digital elevation
model (DEM) in evaluating the site-conditions and
developing an amplification map. The results show
that the slope angle-velocity model is an applicable
technique for estimating the seismic surface shear
wave velocity (Vs

30). Image processing and remote
sensing data, as well as digital elevation model can
be used successfully to derive the amplification
maps.

Mapping seismic site condition provides a
great importance to recognition of ground-motion
amplification. The estimated results have proved
that the velocity-slope angle model is compatible
for estimating the shear wave velocity (Vs

30) and
amplification. In general, the obtained maps fit the
geological and geomorphological setting of Syria. The
results show that the basins sediment in Syria are
corresponded to high values of amplification factors
and low shear wave velocity.

The derived maps are very much required by
Syrian anti-seismic building code. These maps are
done for the first time for the Syrian region.
Site-specific amplification factors (Fa and Fv) maps
have been estimated with respect to the empirical

equations proposed by Borcherdt [2]. We have
found that the value of Vs

30 varies between 180 to
760 m/s and fit the geological and topographic
setting of Syria. The amplification factors have
computed for different ground motion levels of
acceleration 0.1, 0.2, 0.3, and 0.4 g. The amplifica-
tion factors of Fa value varies from 0.9156 to 1.854,
while the value of Fv lies in the range of 1.156 to
3.146. The value of general amplification factor
found to be changing from 1.381 to 5.83. The results
show that the mean general amplification value for
Syrian territory is around F = 3.9. The changes in the
amplification factors along profile A-B of Damascus
basin have been discussed. All maps have been stored
numerically in high resolution image of 30×30 m.
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