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ABSTRACT

The online available shuttle radar topographic mission (SRTM) elevation data were
collected during 11-day mission in February 2000 for the Earth’s surface. Comparing these
data with cartographic data and GPS measurements dated differently means that we are
comparing multitemporal DEMSs. The objective of this study was to employ these
multitemporal DEMs to detect the cut/fill activities in a land reclamation project area subject
to temporal land leveling for the installation of an irrigation and drainage network, NW Egypt.
The SRTM product used was the processed SRTM 90 m re-sampled to 43.7 m higher
resolution using Gaussian semivariogram and ordinary kriging. The vertical accuracy of the
SRTM 43.7 m, relative to a topographic (1:50,000) MAP dated 1990 and GPS
measurements dated 2008 (in raster format using spherical semivariogram and ordinary
kriging) were computed only in areas unaffected by land leveling [N = 1661 (43.7 m x 43.7
m}]. The SRTM 43.7 m had absolute vertical error equal to 1.4 m which was much less than
the global (+ 16 m) and local (z 6 m} errors targeted by the SRTM mission. The observed
biases in SRTM 43.7 m elevation relative to GPS elevation (+2.21 m) and MAP elevation (-
1.31 m) were added to the GPS and MAP datasets [N = 120705 (43.7 m x 43.7 m}] and the
corrected elevations were referred to as gpsc and mape, respectively. The two raster maps
for the differences {mapc-srtm) and (srtm — gpsc) showed regions where material was cut,
filled, or where surface did not change in terms of volumes and areas. Overlying the soil
CaCOj3 (0-30 cm depth) spatial pattern with the cut/fill spatial patterns gave maps that
identify the cutfill directions during the 1990-2000 and 2000-2008 periods. The readily
available multi-temporal DEMs (map, srtm, and gps) were successful in detecting the cut/ill
extent, volume, and directions in areas subject to land leveling.

INTRODUCTION

Shuttle radar topographic mission (SRTM}) data were collected during
11-day mission in February 2000 by the Space Shuttle Endeavour using
single-pass synthetic aperture radar (SAR) interferometry remote sensing
technigue with two antenna pairs operating in C (5.66 cm) and X (3.1 cm)
bands, simultaneously illuminating the Earth’s surface and recording
backscattered radar signals. SRTM was jointly performed by NASA, the
German Aerospace Center (DLR) and the Italian Space Agency (ASI).The
SRTM and SAR have been well described {(Zebker and Goldstein 1986,
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Gabriel and Goldstein 1988, Bamier and Hartl 1998, Massonnet and
Rabaute 1993). The targeted landmass consisted of all land between 57°
south and 60° north latitude, which comprises 80% of Earth’s total
landmass. The absolute and relative vertical accuracy specifications of the
SRTM DEM is respectively defined as + 16 m for 90% of the data across
the entire mission and + 6 m on a local, 50-100 km scale (Farr and Kobrick
2000, Werner 2001, Rabus et al. 2003).

SRTM data are organized into individual rasterized celis, each covering
1° by 1° in latitude and longitude. Sampling spacing for individual data
points was either 1 arc-second (~30x30 m) or 3 arc-second (~90x90 my);
the later was produced by averaging 3x3 one arc-second pixels. Only 90 m
data are available globally while the 30 m data are available only for the
USA territory. A seamless dataset (5° by 5° tile) with voids filled in
(interpolation by Regularized Splines with Tension, RST) is available at the
website of Consultative Group for International Agriculture Research
Consortium for Spatial Information (CGIAR-CSI) via
http://srtm.csi.cgiar.org/. These voids occur mainly over water bodies (lakes
and rivers), areas with snow cover and in mountainous regions (e.g. the
Himalayas has the greatest concentration of data voids). The SRTM is now
been widely used as source for digital elevation models (DEMs) employed
for applications in geomorphology and hydrology (Guth, 2003; Stock et al.,
2002; Finlayson et al., 2002; Lave and Avouac, 2001); prediction of areas
at risk from salinity in a catchment area (Liu et. al., 2005), vegetation cover
(Kelindofer et al., 2004; Miliaresis and Delikaraoglou, 2009); and climate
change (Burbank et al., 2003; Blumberg et al. 2005}.

Several SRTM data verification attempts were made using various
altimetry data (Helm et al. 2002, Sun et al. 2003) and digital elevation
models (Smith and Sandwell 2003, Jarvis et al. 2004, Bhang et al. 2007,
Gorokhovic and Voustianiouk 2006). Comparing SRTM data, which are in
raster format, with GPS data in vector format requires converting both
datasets to the same topological format. For this purpose two methods are
possible: either converting SRTM raster data to vector format or converting
GPS vector data to raster format. Both conversions can be readily
executed in the ArcGIS (Spatial Analyst) environment. The former
approach has been adopted by Rodriguez et al. (2005) for a global
assessment of SRTM accuracy, whereas the latter method was followed by
Gorokhovich and Voustianiouk (2006} for local validation of SRTM data in
two regions in the United States and Thailand.
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SRTM data products were validated on continental scales through
comparison with GPS data (<1m spatial resolution) acquired along roads
on most major continents. The absolute vertical accuracy was found better
than 9 m (range: 5.6 to 9.0), indicating that SRTM improved on its design
goal of 16 m absolute by almost a factor of 2. The spatial patterns of the
vertical error showed that the greatest errors were associated with steep
terrain (Himalaya, Andes) and very smooth sandy surfaces (Sahara Desert)
(Rodriguez et al., 2005; 2006). On a national scale in South America the
absolute vertical accuracy for SRTM produced DEM was 8 m as opposed
to 20 m for cartographically produced DEM, relative to GPS data (Jarvis et
al., 2004). At the catchment-scale the vertical errors were highly similar; 20
m for SRTM DEM and 21m for TOPO DEM using 1:10,000 cartographic
maps. However, the greatest errors in the SRTM data were found on ridges
and peaks, where they consistently underestimated the elevation (Jarvis et
al., 2004). These researches, concluded that if only cartography with scales
above 1:25,000 {i.e., 1:50,000 and 100,000} is available, it is better to use
the SRTMs. If good quality cartography of scale 1:25,000 and below (i.e.,
1:10,000) is available, better resuits may be expected through digitizing
and interpolating the cartographic data. A detailed hydrological analysis
showed that cell size was causing significant differences in the hydrological
characteristics of the catchment. The results of another regional study,
showed that absolute average vertical errors from CGIAR dataset ranged
from 7.58+0.60 m in Phuket (Thailand) to 4.07+0.47 m in Catskills
Mountains (New York, USA), (mean + S.E.M); relative to differential GPS
data sets (1-9 GPS observations per 90x30m). The error values had strong
correlation with slope and certain aspect values. Taking into account slope
and aspects considerably improved the accuracy of the CGIR DEM product
for train with slope values greater than 10°; however, for the train with slope
values less than 10° this improvement was found to be negligible. The
importance of slope and aspect in height accuracy determination for SRTM
data has been recognized and analyzed by Miliaresis and Paraschou
(2005) , Gorokhovich and Voustianiouk (2006), and Rodriguez et al. (2005)

Map scales and the corresponding area (hectares of minimum size [0.4

cm?® on the map)) of delineation are related by the equation,
Scale = 1:15811.4 x h, [f]

where, h is the number of hectares per observation (Eswaran et al., 1977;
Elprince, 2009). Thus, SRTM 90m and SRTM 30m would yield topographic
maps at the scales 1: 12800 and 1: 1420, respectively. A resolution of 90m
can be considered suitable for small or medium-scale analysis, but it is too
coarse for more detailed purposes such as hydrological modeling.
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Hydrological modelers must use the SRTM 30-m datasets (Jarvis et al.,
2004). The present alternative is to interpolate the SRTM DEM at a finer
resolution. It won’t increase the level of detail of the original DEM, but it will
lead to a surface where there is coherence of angular properties (i.e.,
slope, aspect) between neighboring pixels (Grohmann, 20086), an important
characteristics when dealing with terrain analysis.

Kriging is an estimation method that gives a best linear unbiased
estimators value (Journal and Huijbregts, 1978). Kriged maps can differ
based on the variogram model used and the presence or absence of a drift
, and concern has arisen about the accuracy of the various methods
(Warrick et al., 1988; Weber and Euglund, 1992a,b; Elprince et al., 2004,
Elprince and Al-Dakheel, 2010). A criterion in common use is to check for a
given estimation point if a different kriging approach leads to a significant
decrease of the kriging variance (Wackernagel, 1995, p. 89). Cross
validation criteria can also be used to compare diff erent approaches
(lsaaks and Srivastava, 1989, p. 353). Gotway Crawford and Hergert
(1997) proposed that the “best” approach is the one whose model best
accounts for and describes the nature of the causes of variation in the
regionalized variable of interest.

It should be mentioned that the readily available SRTM 90 m elevation
data were collected during 11-day mission in-February 2000 for the Earth's
surface. Comparing these data with cartographic data and GPS
measurements dated differently means that we are comparing
multitemporal DEMs. Validation of the accuracy of SRTM elevations in
reference to cartographic or GPS data assumes no changes in relief of the
Earth’s surface with time. The change in relief could be due to natural or
anthropogenic processes.  Multi-temporal DEMs were employed in
glaciologic applications {(Racoviteanu et. al., 2007), detecting the volume
change of loose deposit of rock debris accumulated and debris discharged
(Jun et. al., 2008), and assessing sand dunes movement in a national park
(Michalowska and Glowienka, 2008).

The general objective of this study is to employ multi-temporal DEMs for
detection of the cut/fill activities in a new land reclamation project subject to
temporal land leveling. The specific objectives are to: (i) resample
processed low resolution CGIR-CSi SRTM 90m elevation data to a 43.7 m
higher resolution SRTM DEM using semivariogram modeling and kriging,
(i) assess the vertical accuracy of the resulted SRTM DEM dated 2000,
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relative to a topographic MAP DEM dated 1990 and a GPS DEM dated
2008; only in isolated areas un-affected by land leveling, and (iii) assess
relief changes and evaluate the cutfill extent, volumes, and directions in
areas affected by land leveling.

MATERIALS AND METHODS
The Study Area

The study Area is located at 50 km south west of Alexandria city, Egypt
(Fig. 1). It lies between latitudes 30° 45' 20" and 30° 53' 35" N and
longitudes 29° 32' 20" and 29° 49' 50" E. The study area is 23087 ha
(54970 feddans) that includes 23 villages of the Bangar Alsokar agricultural
land reclamation project; one of the newly reclaimed areas west of the Nile
delta since 1989. According to Abdel-Kader et al. (2004) the area has a
Mediterranean climate, characterized by rainy winter and prolonged hot
and dry summer. The maximum monthly temperature is 30 °C in August
and the minimum temperature is 6.3°C in January.

31 30N
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Fig.1. The study area is 23087 ha that includes 23 villages of the Bangar Alsokar
agricultural land reclamation project; one of the newly reclaimed areas west of the
Nile delta since 1989.
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The annual rainfall is low (104 mm) and the relative humidity ranges
between 59% and 81%, within an average of 69%. In summer the north
trade wind comes from the Mediterranean Sea bringing moisture with it and
during the period from February to July the Khamaseen wind, coming from
the southwest direction, from the vast area of Western Desert, prevails. Soil
moisture regime is Torric or Aridic and the Socil temperature regime is
Hyperthermic. These authors studied the Eastern part of the present study
area. They recognized five geomorphic mapping units within elongated hills
(extensive ridge) and Mena valley (depression) landscapes. They
recognized the great groups: Torriorthents, Haplocalcids, Haplosalids, and
Aguisalids. They reported that the effective soil depth varied from 60 to 150
cm with mean 120 + 26 cm; and that the CaCQO, content in surface soil
varied from 5.5 to 46.8% with mean 21.2+ 9.7 %.

SRTM Data

The study area was selected as a specific area of interest using Google
Earth Pro (www.google.com) and the boundary was saved in KMZ file.
Global Mapper 10.00 (www.globaimapper.com) was used to open the KMZ
file and downloaded on line processed SRTM 3 arc-second-based
elevation data by CGIR for the area of interest (from
http://srtm.csi.cqgiar.org) with cell size 90m x 70 m and exported as
ArcASCIl Grid file to the geographical information system ArcGIS 9.2
(ESRI, 2006). The elevation data 90m x 70 m followed a normal distribution
curve as revealed from a linear Q Q plot {(SPSS 17, www.spss.com). The
resampled elevation values with cell size 43.7 x 43.7 m {corresponded to 1:
3020 scale as of Eg. [1]) were best estimated using Gaussian
semivariogram and ordinary kriging as indicated by cross validation tests
(Isaaks and Srivastava, 1995, p. 89; Alsaeedi and Elprince 2000, Elprince
et al. 2004). The 43 m x 43 m pixel size raster was masked by the study
area boundary to yield the SRTM DEM used in this study. The horizontal
datum for the SRTM is the World Geodetic System 1984 (WGS84) and the
vertical datum is referred to mean sea level (orthometric height) as
determined by the Earth GravityModel EGM96 geoid (Miliaresis and
Paraschou 2005). :

GPS Data

Since the end of SA (Selective Availability) in 2000 the accuracies
achievable by GPS receivers in standalone mode have greatly increased.
This had led to great improvements in positioning quality achievable by
handheld receivers and also reductions in price. The handheld Garmin
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eTrextLegend 12-chanells personal navigator { GARMIN, 2005) used in this
study only cost EP 3500 ($ 600). Experiments have been carried out to
assess the accuracy of positioning with the output from the Garmin
receivers. In static mode the range residual for the Garmin handheld
receivers data usually being around 2-4 m and the standard deviation was
1.98 m (Cosser et. al., 2004). As a rule of thumb, we consider the vertical
accuracy of the Garmin unit to be about 1.5 times bigger than horizontal
errors (~5 m). The horizontal datum for the GPS data is the WGS84 and
the vertical datum is referred to mean sea level {orthometric height) as
determined by the Earth GravityModel (EGM96) geoid (Miliaresis and
Paraschou 2005).

Cartograpbhic Data

Two 1:50,000 topographic maps {IKINJ MARYUT and BURJ
AL_ARAB sheets), constructed from 1990-91 aerial photography by
Egyptian General Survey Authority were needed to cover the study area.
The maps used Transverse Mercator Projection Ellipsoid, Helmert 1906;
horizontal datum: National Geodetic Net, Venus 1874; and vertical datum:
mean sea level Alexandria 1906. The maps were scanned, each was
rectified (georeferenced} in decimal degrees and datum WGS84 using
Global Mapper software (www. Globalmapper.com). The two maps were
mosaiced (joined) using the Raster Stitch 2.31 software and masked for the
study area boundary. Contour lines with 5 m spacing were digitized on
screen, and attributed the corresponding elevation values read from the
topographic map. Additiona!l ArcGIS layer digitized from the topographic
maps included spot heights. These topographic data were interpolated
using semivariogram analysis and kriging to produce 43.7 m x 43.7 m pixel
size MAP DEM.

Soil CaCO; Determination

Calcium carbonate content in the soil samples (0-30 cm depth; N =
464) were measured using a calcimeter that measured the volume of CO,
evolved at constant temperature and pressure when the soil sample was
treated with acid (Page et. al., 1982).

Spatial Estimation

Variogram models tested in this study were:
v(h) = ¢o + cf(h/a) [2]
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where y = semivariance, h = separation distance, a = range, ¢, = nugget,
Co + ¢ = sill, f(h/a) = [h/a] for the linear-plateau; f(h/a) = [1.5 (h/a) — 0.5
(h/a)®] for the spherical; f(h/a) = [ 1 — exp(-h/a)]) for the exponential and
f(h/a) = [1 — exp- (h%a)] for the Gaussian model (Journal and Huijbregts,
1978; Wackernagel, 1995). The experimental and model variograms were
assumed isotropic, i.e., the nature of the spatial correlation between data at
two locations depends only on the distance between the locations and not
on the vector direction of their separation. The kriging models tested in this
study were ordinary kriging and universal kriging as two types of surface
estimators. This preliminary test indicated that the soil variable (SRTUM
43.7 m, GPS, and MAP elevations and CaCO; content) values were best
estimated using spherical variogram and ordinary kriging as indicated by
cross validation tests.

RESULTS AND DISCUSSION
Descriptive Statistics

Table 1 shows descriptive statistics for three DEMs derived from
1:50,000 topographic maps, srtm elevation data, and gps measurements,
namely MAP(1990), SRTM(2000), and GPS(2008), respectively, together
with CaCO; contents in the study area. The elevation range of SRTM is
wider than the MAP and GPS ranges; and the elevation means * st.dev are
40.6 +6.5m, 43.0 £ 6.7 m, and 37.1 = 5.3 m, respectively. The CaCO;
content in soil (0-30 cm depth) varies from 7.5 to 65.5 % with a mean + std.
dev. equal to 35.6 + 9.2%.

Table 1. Descriptive statistics for three DEMs derived from
1:50,000 topographic maps, srtm elevation data, and gps
measurements at different dates; and CaCQ; contents in the

study area.
MAP(m) SRTM(m) GPS (m) CaCO3 (%)

1990 2000 2008 2008
N 197 120705 521 464
Minimum 30 21.56 23.58 1.5
Maximum 55 70.77 50.79 65.5
Mean 43 40.6 37.1 35.6
St. Dev. 6.7 6.5 5.3 9.2

Normal Q Q plots (SPSS 17, www.spss.com) indicated that the
elevation datasets from the topographic MAP (N = 197), SRTM (N =
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120705), and GPS measurements (N = 521) are normally distributed while
the CaCO,; content in soil (N = 464) measurements are log-normally
distributed (Fig. 1). Subsequently, variogram and kriging in this study
utilized the values without any transformation for the regionalized elevation-
variables MAP, SRTM, and GPS; and log transformation for the CaCOQO.
contents.

245 A8 [] 123
Standard Normal Vaiue

Fig. 2. Normal Q Q plots and histograms for MAP, SRTM, and GPS elevation
datasets; and logarithm of CaCO3 contents in soil of the study area.

Variogram’s Parameters

The spherical semivariogram model for the GPS elevation dataset
has range, sill, and nugget equal to 2.66 km, 68.40 m®, and 17.88 m°,
respectively. Similarly, a spherical semivariogram model for the MAP
elevation dataset has range, sill, and nugget equal to 2.59 km, 79.31 m’,
and 9.26 m?, respectively. While the range values seem comparable, the
nugget/sill ratios are different. Thus, 26 per cent of the total spatial
variability in GPS elevation in the field is attributed to micro-structure in an
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area of radius less than the sampling intervais (i.e. ~ 680 m) and that 74
per cent is due to macro-structure in an area of radius equal to 2.66 km
{(Journal and Huijbregts, 1978). On the other hand, 11 and 89 per cents of
the total spatial variability in MAP elevation are attributed to micro- and
macro-structures, respectively. A cross-validation test indicates that the
spherical semivirogram maodel fitted the MAP data more accurately than the
GPS datasets; where the root mean square (RMS) errors are found equal
to 22 m and 3.5 m for the MAP and GPS datasets, respectively.
Experimental semivariogram for the CaCQ; regionalized variable after log
transformation has been fitted to a spherical model with range, sill, and
nugget equal to 11.37, 0.0782, and 0.0607, respectively.

Assessment of the Vertical Accuracy of SRTM Dataset

Figure 3 shows the MAP DEM, the'SRTM DEM, and the GPS DEM.
Each DEM raster is made of 120,705 celis {(43.7 x 43.7 m) and classified
into four elevation classes: <35 m, 35-40m, 40 — 45 m, and > 45 m. As
seen from Fig. 3, the low land areas are increasing with time on the
expense of the high land areas. While the high land class 4 ( > 45m) areas
decrease in extent from 42% (in 1990) to 3% (in 2008}, the low land
classes {(class 1 and class 2) areas increase from 26% (in 1990) to 72% {in
2008) with time (Table 2). This change in relief with time can be natural
(active wind erosion) or anthropogenic (land leveling). Land leveling (cut/fill)
was required.-for installation of-the irrigation and drainage systems for land
reclamation and cultivation. As seen from Table 2 while the lands of
classes 1 and 2 were subject to fill, class 4 was subject to cut, and class 3
(40-45 m) was subject to nofili-no cut. Relief of class 3 areas seemed
independent of time from 1990 to 2008. Subsequently, only above class 3
we can examine the vertical accuracy in SRTM elevations relative to the
GPS and the MAP elevations.
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MAP (1990)

GPS (2008)

Fig. 3. Multi-temporal DEMs derived from topographic MAP (1990), SRTM (2000)
and GPS (2008) elevation datasets for Bangar Alsokar land reclamation project ,
Egypt.

Table 2. Elevation class areas for multi-temporal DEMs derived
from cartographic MAP, SRTM, and GPS datasets for a land
reclamation project, North West Egypt.

(N = 120,705 cells).

Class area%
SRTM
Elevation class MAP (1990) (20007} GPS (2008)
Class 1 (<35 m) 10 22 33
Class 2 (35-40 m) 16 21 29
Class 3 (40-45 m) 32 3l 35
Class 4 (>45 m) 42 26 3

The common cells of the class 3 have been randomly sampled from the
MAP DEM, SRTM DEM, and GPS DEM (on a cell-by-cell basis). Each cell
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had three elevation values in the range 40 to 45 m, namely map, srtm, and
gps. An average sample was made of 1661 cells. Table 3 shows statistics
of elevation differences, on a cell by-cell basis. The map-srtm yielded a
mean difference of -1.31 m and a standard deviation of 1.37. The range of
vertical differences was [-1.62 m to +4.88 m]. On the other hand the srtm —.
gps yielded mean difference of +2.12 m and a standard deviation of 1.42
with the range [ -1.26 m to +4.99 m}. Figures 4a and 4b show the frequency
distribution of the elevation differences: map-srtm and srtm-gps,
respectively. These plots indicate normal distribution with biases -1.31 and
+2.12, respectively. In order to remove the biases it was necessarily to add
2.12 mto the gps dataset and subtract 1.31 m from the map dataset.

Table 3. Statistics of elevation differences for the non-
leveled areas [N = 1661 (43.73mx43.73m)]. After removing
the bias the corrected GPS and MAP elevations are referred
to as gpsc and mapc, where gpsc = gps+2.12 and mapc =
map-1.31

Difference 95 % conf.
Min. Max. Mean StDev, RMSE limit of RMSE
m m
map - srtim -1.62 488 -131 137 1.89 -2.39 6.17
srtm - gps -1.26 499 212 142 2.55 -2.39 7.49
mapc - srtm -293 368 000 137 1.37 -1.55 4.29
srtm - gpsc -3.38 287 000 142 1.42 -1.58 4.42
mapc-gpsc -1.72 154 000 0.71 071 -0.87 2.29

After removing the bias the corrected GPS and MAP elevations are
referred to as gpsc and mapc. Once the bias was removed, the mean
statistics for the average errors (+ stdev) are equal to 0.00 + 1.37 m, and
0.00 £ 1.42 m for mapc-srim and srtm-gpsc, respectively (Fig. 4a’ and 4b’).
The corresponding root mean squares errors (RMSE) are 1.37 m and 1.42
m, respectively (Table 3). These findings indicate that the SRTM 43.7 m
has absolute
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Fig. 4. An average sample is made of 1661 cells (43.7m x 43.7 m) that are subject
to no-relief-changes since 1990 to 2008. On a cell by-cell basis: (a and a') map-
srnm elevation differences yield a mean difference of -1.31 m and a standard
deviation of 1.37. Once the bias 1.31 is subtracted from the map elevations the
differences mapc-srtm are normally distributed with average error equal to 0.00
1.37 m; (b and b") sitm-gps elevation differences yield a mean difference of +2.12
m and a standard deviation of 1.42. Once the bias 2.12 is added to the gps
elevations the differences srtm-gpsc are normally distributed with average error
equal to 0.00 + 1.42 m; (c and c') Once the biases in map and gps are removed,
the mean statistics for the elevation differences yield for mapc-gpsc the mean error
0.00 +£0.71 m.
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vertical error equal to 1.4 m which is much less than the global and local
errors targeted by the SRTM mission. As stated before, the absolute and
relative vertical accuracy specifications of the SRTM DEM are respectively
defined as + 16 m for 90% of the data across the entire mission and + 6 m
on a local, 50-100 km scale (Farr and Kobrick 2000, Werner 2001, Rabus
et al. 2003).

Furthermore, once the biases were removed, the mean statistics for the
elevation differences on non-leveled areas yielded for mapc-gpsc the mean
error 0.00 + 0.71 m and the RMSE 0.71 m (Fig. 4¢c and 4c’ and Table 3}.
This low error's value indicates that, similar to the topographic 1:50,000
scale maps, the GPS-Garmin unit used in this study reads elevations as
orthometric heights above mean sea level {heights above the EGM96
geode ) (Miliaresis and Paraschou 2005).

The Cut/Fill Extent and Volume

In order to evaluate the land leveling signal from the multi-temporal
DEMs at hand, the above estimated biases in SRTM elevation relative to
GPS elevation {(+2.21 m) and MAP elevation (-1.31 m) have been added to
the GPS and MAP datasets (N = 120,705 cells) and the corrected
elevations are referred to as gpsc and mapc, respectively. Then, by
calculating cutfill, a map can be created based on two input surfaces
{before and after), displayingthe areas and volumes of surface material
that have been modified by the addition or removal of surface material. By
taking mapc (dated 1990) and srtm (dated 2000) as two raster maps of the
study area from two different time periods, one can produce a raster (mapc
— srtm) of regions where material was removed, added, or where the
surface did not change (Fig. 5a).

Similarly, the srtm (2000) and gpsc (2008) raster maps produce the cut/fill
raster (srtm — gpsc) (Fig. 5 b). The aitribute table of an output raster
contains the volume and area of each of the connected regions. In the
attribute table,. in regions where material was cut (black areas in-Fig. 5a
and Fig. 5b) the value in the volume field will be positive. In regions where
material was filled (white areas in Fig. 5a and Fig. 5b), the volume is
negative. During the second period 2000-2008 some of the cut took place
in some previously filled areas and some of the fill in some previously cut
areas. Table 4 summarizes the computed cutfill volumes and areas.
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(mape 1990 — srtm 2000) map (srtm 2000 — gpsc 2008) map
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Fig. 5. Cutfiil maps created based on two input surfaces (before and after),
displaying the areas of surface material that have been modified by the addition or
removal of surface material. The input surfaces are the multi-temporal DEMs
derived from topographic MAP (1990), SRTM (2000} and GPS (2008) elevation
datasets for Banger Alsokar land reclamation project (23087 ha), Egypt. The
cut/fill velumes and areas are during the periods: (a) 1990 to 2000 and (b) 2000 to
2008.

As seen in Table 4 and Fig. 5a the total areas subject to fill and cut are
7600 + 100 ha and 15300 + 900 ha, respectively during the 1999 — 2000
period. The corresponding fill and cut volumes are 154 + 3 M m® and 369 +
22 M m®, respectively. While the cut area is almost twice the fill area, the
cut volume is about 2 and 2 the fill volume. Assuming no cut volumes have
been transported outside the study area, soil compaction in the fill areas is
estimated equal to 15.8%; using the average fill and cut heights values
(Table 4). On the other hand during the second period 2000-2008, the fill
and cut areas are 6600 = 100 ha and 16400 + 900 ha, respectively. The
corresponding fill and cut volumes are 166 + 4 M m® and 393 + 23 M m®,
respectively. Soil compaction in the fill areas is estimated equal to 26.7%
which seems unreasonably high and may indicate that some of the cut
volumes have been moved outside the study area. Removal of these cut
volumes could be man-made or/and natural due to wind erosion especially
during the period from February to July by the Khamaseen wind coming
from the southwest direction.
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Table 4. The cut/fill volumes and areas during the periods 1990 to
2000 and 2000 to 2008 in the Bangar Alsokar land reclamation
project, NW Egypt, derived from multi-temporal DEMs. Assuming 3
arc second = 90 m, the factor, the factor 108000 m/dd is used in the
computation. Mapc = map — 1.31 and gpsc = gps + 2.12. The M in
table means million.

Volume Area Height  Compaction
Fill/Cut Mm’ M m %
1999 — 2000 period (mapc-srtm)
Net Gain.(Fill) -154%3 76+ 1 -2.03 15.8
Net Loss (Cut) 369+22 15319 241
2000 - 2008 period (srtm-gpsc)

Net Gain (Fill) -116 +4 66t1 -1.76 26.7
Net Loss (Cut) 303+23  164%9 2.4

The Cut/Fill Directions

Since limestone is the major parent rock, calcic subhorizons prevail
in the study area (Abdel-Kader-et al. 2004). Depending on the depth of the
calcic horizon some cuts may expose subsoil high in CaCO; while other
cuts expose subsoil low in CaCO; contents. Similarly, some fill areas may
utilize soil that is fow in CaCQ, while other fill areas utilize soil that is high in
CaCOj, content. As previously given in Table 1, the average CaCOj; content
and standard deviation in the surface soil {0-30 cm depth) are found equal
to 36% and 9%, respectively. A CaCO; map (Fig. 6a) show two CaCO;
classes, namely the low CaCO; class (7 — 35 %) and the high CaCO; class
(85 — 65 %). This CaCO; pattern is essentially the result of the cut/fil
processes started about 1989 for the establishment of irrigation and
drainage networks. Overlying the CaCO; pattern with the cutfill pattern
yields a map made of four classes, namely (i) Cut exposes high CaCQO;
soil, (if) Fill with high CaCOj soil, (iii) Cut exposes low CaCQO; soil, and (iv)
Fill with low CaCQ; soil. The output maps are shown in Fig. 6b and Fig. 6¢
for the periods 1990 — 2000 and 2000 — 2008, respectively.
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CaCO3 %

gz Cut exposes high CaCO3 soil

M Fill high CaCO3 scil b
- Cut exposes low CaCO3 soil { )
M Fill low CaCO3 soil

1990-2000

2000-2008

Fig. 6. (a) Two CaCO; classes in Bangar Alsoker land reclamation project, NW
Egypt. The average CaCO; content and standard deviation are 36% and 9%,
respectively. The low and high CaC0O; classes occupy 58% and 42% of the study
area, respectively. (b) Cutffill of the periods 1990 to 2000. (c) Cut/fill of the periods
2000 to 2008. The cut to fill directions are from pink to the nearby purple areas and
from the green to the nearby dark-green areas.
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These maps can be useful for identifying the directions of the cut and fill
process. As seen in Fig.6a&b the cut to fill directions are from pink to the
nearby purple areas and from the green to the nearby dark-green areas.

In summary, we have been able to employ three muititemporal DEMs to
detect the cut/fill activities in a land reclamation project area subject to
temporal land leveling. The SRTM product used is the processed SRTM 90
m re-sampled to 43.7 m higher resolution using Gaussian semivariogram
and ordinary kriging. The vertical accuracy of the SRTM 43.7 m, relative to
a topographic (1:50,000) MAP dated 1990 and GPS measurements dated
2008 (each in raster format using spherical semivariogram and ordinary
kriging) were computed only in areas unaffected by land leveling. The
SRTM 43.7 m has absolute vertical error equal to 1.4 m which is much iess
than the global (+ 16 m) and local (+ 6 m} errors targeted by the SRTM
mission. The observed biases in SRTM 43.7 m elevation relative to GPS
elevation (+2.21 m) and MAP elevation (-1.31 m) were added to the GPS
and MAP datasets and the corrected elevations were referred to as gpsc
and mape, respectively. The two raster maps for the differences (mapc-
srtm} and (srtm — gpsc} showed regions where material was cut, filled, or
where surface did not change in terms of volumes and areas. Overlying the
soil CaCO; (0-30 cm depth) spatial pattern with the cut/ffill spatial patterns
gave maps that identify the cut/fill directions during the 1990-2000 and
2000-2008 periods. The readily available mutlti-temporal DEMs (map, srtm,
and gps) were successful in detecting the cutfill extent, volume, and
directions in areas subject to land leveling.
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