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SUMMARY
In the context of the FloodControl 2015 project this pilot project RSDYK2008 is done to establish the
possible correlations between terrestrial remote sensing techniques, geological information of the
surrounding subsurface, geophysical details of a dyke and the quality of peat dykes. The pilot project
was done at three sites in Reeuwijk, The Netherlands.
Spatial and temporal variations in the radiation temperatures measured by remote sensing have
been established at all sites. These thermal responses of the dykes are mainly related to the seasonal
variation and to the distribution in the moisture content of the topsoil. The thermal images acquired
during the dry period (August) show a positive relationship with the images of October and a
negative relation with the images of December. The multi‐temporal near infrared images of the same
sites do not show any obvious relationship.
The subsurface geology and stratigraphic profile have been obtained from interpolated pseudo‐
sections of the 2‐D and 3D electrical imaging surveys and from boreholes and Dutch Penetration
testing (CPT). The lateral and vertical variations as well as the heterogeneity of the dyke material is
very obvious and a clear relation between resistivity imaging and boreholes and CPT testing is
established.
Soil moisture is one of the most important parameter affecting surface stability in soil structures. This
is because in peat soil, the effective stresses and shear strength are directly related to water content,
and even pre‐failure deformations are largely controlled by the moisture content. Since the
distribution of water content and total unit weight vary in both vertical and horizontal layer in the
peat units in the dykes.
The problems as “kwel” and possibly subsidence in the “problem” dyke site Tempeldijk‐South are
identified by nearly all investigation methods, however, it is often only by knowing from another
investigation method that the problem could be pinpointed.
Main conclusions of this pilot project are:








The comparison of the reference site (Tempeldijk‐North) with Tempeldijk‐South (a known
“problem” location) shows that in all surface and subsurface investigations the Tempeldijk‐South
surface and subsurface structure are more irregular which are due to or indicate “problems’ such
as “kwel” and subsidence.
The thermal infrared images of Tempeldijk‐South showed a layered structure which is reflecting
the subsurface structure of the dyke. The layered structure was detectible likely because excess
water was present in some of the layers.
Visual images showed differences in vegetation cover at locations where excess water is likely
present.
The gamma ray survey shows a pattern that is likely related to the real subsurface structure.
The data from the Algemeen Hoogtebestand Nederland may show patterns indicating
deficiencies in a dyke.

Recommendations
Thermal infrared in combination with near infrared imaging and in particular hyper spectral imaging
should be able to accurately locate problem areas in dykes. The near‐infrared or hyper‐spectral
imaging will likely be a supporting tool to be used to compensate the thermal infrared interpretation
for vegetation, and environment and climate changes. The hyper‐spectral method could not be fully
evaluated but is possibly a better means for investigation than near‐infrared. A combination with
Lidar data would probably be adventurous, even the data of the Algemeen Hoogtebestand
Nederland may already give sufficient accurate data for dyke investigations. It is recommended that
the ideas developed in this pilot project are fully worked out and investigated in detail to develop a
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methodology that will be able to detect dyke deficiencies more efficiently, accurately, and cheaper
than possible by visual inspection only.
KEY WORDS
Key words: dyke, peat, thermal, infrared, radiation, reflectance, resistivity, Reeuwijk, RSDYK
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Agricultural digital camera

NAP

National mean sea level reference

NIR

Near infrared

TIR

Thermal infrared

TAW

Technical Advisory Board for Water Barriers
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INTRODUCTION

1.1

Flood Control 2015
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Dykes are a flooding protection mechanism in the Netherlands and some other counties. According
to Van Baars (2005), the primary (3200km) and secondary (14000km) dykes in the Netherlands
protect more than 50% of the country from flooding. To maintain the groundwater level and drain
the precipitation of the lower lands, water is pumped from the ditches to the canals and from the
canals into the sea. Many of the secondary dykes are so‐called “peat dykes”. These dykes consist of
peat that has not been excavated while the surrounding peat was excavated. The peat was excavated
for fuel starting from the early middle ages.
The peat and clay dykes act as a flooding tempering means in case a large flooding of the Western
part of the Netherlands occurs. The flooding is unlikely to be stopped by these dykes but the
lowering of the flooding rate may give opportunities to use dykes and the roads that are often on
top.
Due to the shear large number of dyke length it is impossible to do a thorough investigation over the
full length. Presently the quality of the dykes is established by visual inspection and only at locations
where the quality is visually deemed to be low; a further investigation to the quality of the dyke is
done. Apart from the fact that a visual inspection is slow and may be biased and subjective, a more
important problem is that a dyke may in different seasons behave qualitative differently, even on
different days depending on the weather. The visual inspection is generally restricted to a once a year
or may be a couple of times more in case the safety of the dyke is not trusted, but certainly not on a
basis that can ascertain that a dyke is stable in all environmental conditions.
Remote sensing from the air allows for a far faster means of inspection. However, although it has
been thought for a long time that remote sensing may be an attractive option it has never been
systematically studied. Therefore this pilot project has been initiated to establish whether remote
sensing is a possible option for dyke quality assessment before and during flooding situations.
Within the context of the Flood Control 2015 project (FC2015 project) the secondary peat dykes have
a specific function. Secondary dykes may reduce the flooding rate in the Westen part of the
Netherlands when the main dykes against the sea and main rivers have failed. Important is then how
long these dykes may still be able to function. Obviously in a time of a major flooding in the Western
part of the Netherlands no time will be available to start an investigation to the quality of the dykes.
The quality of the dykes has therefore to be established beforehand.
1.2

Remote sensing

Any vegetation present around the dykes is likely to be influenced by changes in groundwater table
or moisture content of the material and vice versa. The health of the vegetation can be affected as
the groundwater table becomes too shallow or too deep. The most likely changes are expected to
occur in the chlorophyll concentrations in the vegetation which are an indicator of the health state
(Van der Meijde et al., 2004). Adams (Adams et al., 1999) showed that in stressed vegetation the
absorption efficiency of the chlorophyll decreases and the IR reflectance decreases due to changes in
the cell structure of the plant. This leads to a reduction in reflectance in the IR simultaneous with an
increase in reflectance in the red.
The spatial distribution of surface temperature around the dyke can be related to the moisture
content of the soil. The temperature variation in the subsurface depends on its thermal diffusivity
which itself is also a function of water content. The effective soil water content is maximal at the
beginning of the spring and then decreases until the end of summer (Behaegel et al., 2006). Soil
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thermal properties are strongly influenced by the soil volumetric water content, volume fraction of
solids and volume fraction of air.
Hence, if the stability of peat and to a certain extend also clay dykes depend on the moisture
content, and the health of the vegetation on a dyke is dependent on the moisture content, and it is
possible to establish the health of the vegetation by remote sensing, it should then be possible to
establish a relation between remotely sensed images and the quality of the peat and probably clay
dykes. In the context of the FloodControl 2015 project this pilot project is done to establish the
possible correlations between terrestrial remote sensing techniques, geological information of the
surrounding subsurface, geophysical details of a dyke and the quality of peat dykes. The pilot project
was done at three sites in Reeuwijk, The Netherlands.
1.3

Pilot project objectives

The main objective of this pilot project is to indicate possible relationships between terrestrial
remote sensing, geological information of the surrounding subsurface, and weak areas in dykes
mainly consisting of peat. Geophysics, boreholes and Dutch Cone Penetration (CPT) tests have been
done to investigate the subsurface of the dyke.
1.3.1 SPECIFIC OBJECTIVES
The project addresses the following specific objectives:



1.4

Identify the spatial and temporal variations of the thermal radiation of the dyke materials as well
as reflectance features of the grass using thermal infrared (TIR) and near infrared (NIR).
Determine the variation in the composition of a dyke, the soil moisture condition and the
material properties using two and three‐dimensional (2D and 3D) electrical imaging surveys,
boreholes and CPTs.
Indicate possible relationships between the thermal infrared, near infrared, and visual remote
sensing and the subsurface model of the dyke and possible weak areas of the dyke.
Research methodology

This pilot project comprises pre‐field, field data collection and post field data analysis works. A
literature review has been made on terrestrial remote sensing techniques (TIR and NIR) and physical
parameters of peat dykes such as moisture content, permeability, porosity, bulk density, organic
content and consolidation. Information about the geological setting of the study area also gathered
from previous works of different researchers who worked in the study area.
During the field data collection, field images of TIR, NIR and visual were acquired using ground based
sensors in three dyke sites. This was done in three different season’s summer, autumn and winter. In
addition, 2‐D and 3D electrical imaging surveys were conducted on two dyke sites. In the summer
boreholes and Dutch cone penetration tests were done for referencing the geophysical subsurface
model.
Figure 1‐1 shows a summarized schematic workflow that has been used to achieve the objectives of
the project.
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Figure 1‐1: Schematic work flow diagram.

1.5

Project partners

The partners in the project and the persons involved in the project are listed in Appendix A.
1.6

Activities

The activities during the project are listed in Appendix B.
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LIRETURTURE REVIEW

A brief literature review is incorporated in appendix C. The literature review gives an overview of the
characteristics of peat and remote sensing characteristics of peat and vegetation as commonly found
on dykes. The conclusions of the literature review are many but can be summarized as follows:







Remote sensing should give good opportunities to evaluate the homogeneity of the surface
cover of dykes during various seasons,
the surface cover is coupled by the presence of water to the deeper materials in the dyke,
the presence of water is often a good indicator of the possible problems with a dyke, such as
excess water (“kwel”), unwanted water flows, or may indicate a situation that the dyke is
jeopardized by a shortage of water, e.g. the materials in the dyke are dried out (for example, the
“Wilnes” case),
surface deviations of the dyke are easily detected, and
remote sensing is a far faster method of investigation of dykes than traditional visual
investigations.
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3.1

Locations
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Reeuwijk is located in a polder area in the province of Zuid Holland, in the central western part of
The Netherlands. Maps and aerial photographs of the area and locations of the test sites are
included in appendix D. In the area extensive excavation of peat has taken place since the early
Middle Ages. Three test sites were selected (Figure 3‐1). In this report describing the results of a pilot
project, only the test site with problems, “Tempeldijk‐South”, is fully evaluated.

Figure 3‐1. Location test sides. The urban area in the bottom middle is Reeuwijk‐Dorp. (photo Google Earth, 2008. Grid: UTM (WGS84,
zone 31 NH)

3.1.1 VREESTERDIJK
The Vreesterdijk is located in the area where peat has been excavated and consists of a road on an
embankment of non‐excavated peat. The structure of the dyke is not known in detail, but is assumed
to consist of in‐situ peat in the lower part. Likely, the dyke has been covered by road pavement
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materials many times (probably for hundreds of years) and is covered by a bitumen layer at present.
The extent in depth of the layers is unknown. The dyke does not function as boundary for a water
canal, but as a local division dyke (dam) in the excavated area, and as an access road to a farm.
3.1.2 TEMPELDIJK
The Tempeldijk is the boundary between a high‐laying in‐situ peat deposit area where the peat has
not been excavated and a low‐laying area where the peat layer has been excavated. The dyke
functions as a dyke (e.g. dam – “boezem kade”) for a de‐watering canal. Two test sites were selected;
one on both ends, e.g. Tempeldijk‐North and Tempeldijk‐South (originally these were named
Tempeldijk‐1 and Tempeldijk‐2. As this caused confusion names have changed to the more location
specific names of Tempeldijk‐North and Tempeldijk‐South).
3.1.3 TEMPELDIJK‐NORTH
Tempeldijk‐North location is chosen as reference. The dyke seems to function without known
problems. Also on the surface of the dyke no features have been distinguished that may indicate
seepage (‘kwel’), subsidence’, or otherwise features that could be an indication of “problems”.
3.1.4 TEMPELDIJK‐SOUTH
Tempeldijk‐South location is reported to have problems due to seepage (“kwel”) and possibly
subsidence. For a more detailed description of Tempeldijk‐South is referred to chapter 4.
3.2

Geological environment and topography

Geologically the study area is a deltaic environment. The area is rather flat with an average elevation
of –1.6 m NAP (National Mean Sea‐Level Reference) with man‐made dykes and cannels. Polders
resulting from reclamation after peat extraction have elevations around –5.0 m N.A.P.
3.3

Climate

According to Köppen’s classification, The Netherlands has a moderate sea climate with rain almost
throughout the whole year. In general, the winters are mild having an average mean temperature of
1.7o C. The mean temperature may be below zero in the coldest month. In summer five months have
a mean temperature over 10o C with a maximum temperature of 17o C in July. The precipitation is
evenly distributed over the year with a yearly average of 760 mm (Ten Cate, 1982). In Spring
precipitation is low which causes a deficit in surface water due to evaporation.
3.4

Geological setting

The information about the geological setting of the test sites is summarized from previous works of
researchers who worked in the area, from regional studies, and from the general geological history of
the Netherlands. A summary is included in appendix E. The geological lithology of the area resulted
from sedimentation in the Holocene period. During the Holocene, the area was located in the
perimarine zone, where the deposits were formed under the influence of sea level fluctuations and
sea level rising from the west interacting with river input from the east. This resulted in extensive
areas where for a longer time stagnant water and swamps allowed the development of large and
thick peat layers. Occasionally marine or river influence caused the deposition of clay and sand layers
and lenses.
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TEMPELDIJK‐SOUTH LOCATION
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The test site location Tempeldijk‐South measures about 100 by 50 m along the Tempeldijk (Figure
4‐1). The test location is the west site of the dyke. The top of the dyke is at about ‐2 m while the
bottom of the dyke is at about ‐5 m. The area is covered with grass that is regularly cut in summer.
The first layer of material to a depth of around 0.3 m is a man‐made cover of clay with peat (oral
information, Rupke, 2008, and confirmed by boreholes). In the canal and at the foot of the dyke at
the western site of the dyke “kwel” occurs. Possible a part of the dyke has (slightly) subsided as
indicated by the elevation contour lines between p1 and ph1 (Figure 4‐1). The elevations are based
on the data of the “Actueel Hoogtebestand Nederland”.

Figure 4‐1. Tempeldijk‐South test site area Boreholes and CPT

At the location of Tempeldijk‐South two boreholes and 17 CPTs (Dutch Cone Penetration tests) with
pore water pressure measurement have been made. The locations, and borehole, including photo
logs, and CPT logs are included in appendix E. Direct besides a borehole also a CPT test has been
made to facilitate interpretation of the CPT. The boreholes are made with a so‐called “Delft
Continuous Soil Sampler” (a type of triple‐tube core sampler). Borehole logs have been made by
visual description of the borehole cores.
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Subsurface modeling

4.2.1 INTRODUCTION
The borehole and CPT logs obtained at Tempeldijk‐South have been included in a three‐dimensional
geological model. Sections are included in appendix F. The interpretation has been done starting with
the description of the boreholes coupled to the nearby CPT. In‐between the CPTs the lithology
identification has been done loosely following the standards commonly used in The Netherlands and
international standards (Abu‐Farsakh et al., 2008, Robertson, 1990) for CPT interpretation.
Interpretation of soil lithology based on CPT data only and in particular details in peat and peat
containing layers is notoriously difficult. Variations in type of plants remains or the competence of
plant remains give changes in CPT values which are difficult to correlate to the visual description of
the peat layers. For the purpose of this investigation especially the horizontal and vertical changes in
lithology are likely very important. The differentiation of the lithology based on CPT values therefore
has been done in as much detail as possible.
4.2.2 GENERALIZED SUBSURFACE CONDITIONS
The subsurface from the surface downwards can be generalized for the Tempeldijk‐South location.
The lithology names refer to the names used in the sections and 3D model in appendix G. The
generalized composition of the dyke is:





4.3

From the top a layer of clayey peat is present with a thickness of about 0.3 m in the East on top
of the dyke reducing in thickness towards the west, the bottom of the dyke (PEATS). This layer is
likely a man‐made top layer.
A sequence of peat and silty or clayey peat layers with some thin silt and clay layers is present
between the man‐made top layer and a depth of about – 5 m. In western directions these layers
truncate against the man‐made top layer (PEAT7, CLAY5, PEAT6, SILT3, and PEAT5).
A fairly consistent clay clayey peat layer (CLAY4) is present at ‐5 m.
Between about ‐5 and ‐9.5 to ‐10.5 a sequence of peat and silty or clayey peat layers with some
thin silt and clay layers is present.
At about ‐9.5 to ‐10.5 m an undulating sand layer sequence starts (SAND2).
Electrical resistivity

4.3.1 INTRODUCTION
The purpose of the electrical imaging survey is to determine the subsurface resistivity distribution of
the sites. The resistivity of the subsurface materials is determined largely by the water content and
secondary by the resistivity of the subsurface materials and the resistivity of the water. 2D and 3D
resistivity surveys have been done. The 2D survey has mainly been used for determining the best
array setup (appendices H and J).
4.3.2 2D RESISTIVITY
A 2‐D electrical imaging survey is usually carried out using a large number of electrodes connected to
a multi‐core cable. The typical setup for a 2‐D survey with a number of electrodes along a straight
line attached to a multi‐core cable is illustrated in Figure 4‐2. A computer operated “Sting R1/IP” has
been used as measuring device. It is a single channel automatic resistivity imaging device with a
multi‐electrode system. It has a built‐in set of command files for different electrode arrays. Typically,
28 electrodes are laid out in two strings of 14 electrodes, with electrodes connected by a multi core
cable to a switching box and resistance meter (Figure 4‐3). The electrode spacing has been 1 m.
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Figure 4‐2: The electrode arrangement for a 2‐D electrical imaging survey and the sequence of measurements used to build up a
pseudo‐section (Loke M.H., 2000).

Canal

Poles (20m apart)
Main body
of the dyke

STING R1/IP
Electrodes attached
by multi cables

Figure 4‐3: A 2‐D electrical imaging survey on the Tempeldijk‐North. The equipment consists of a Sting R1/IP and 28 electrodes having a
1 m spacing laid out in two strings of 14 electrodes.
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4.3.3 ADVANTAGES AND DISADVANTAGES OF THE THREE ARRAYS
In 2‐D imaging surveys, the electrode setups “Schlumberger”, “Wenner” and “dipole‐dipole” are the
electrode arrays that are the most commonly used. The choice of the “best” array for a field survey
depends on the type of structure to be mapped, the sensitivity of the resistivity meter and the
background noise level. The Wenner array is relatively sensitive to vertical changes (i.e. horizontal
structures) in the subsurface resistivity below the centre of the array. However, it is less sensitive to
horizontal changes (i.e. narrow vertical structures) in the subsurface resistivity. The dipole‐dipole
array is most sensitive to resistivity changes between the electrodes in each dipole pair and the
sensitivity contour pattern is almost vertical. This array is therefore very sensitive to horizontal
changes in resistivity, but relatively insensitive to vertical changes in the resistivity. Unlike the above
arrays, the Schlumberger array is moderately sensitive to both horizontal and vertical structures. In
areas where both types of geological structures are expected, this array might be a good compromise
between the Wenner and the dipole‐dipole array.
4.3.4 3D RESISTIVITY SURVEY
A full three‐dimensional resistivity survey has been done on the location Tempeldijk‐South. The
results are included in appendix G.
4.3.5 CORRELATION BETWEEN 3D RESISTIVITY SURVEY AND SUBSURFACE MODEL AT
TEMPELDIJK‐SOUTH
The resistivity imaging of the subsurface at Tempeldijk‐South can fairly accurately be related to the
subsurface lithology model. The low resistivity vales correlate to peat layers and in particular to more
silty or sandy peat layers. In the top part of the dyke (e.g. above ‐5 m) the low resistivity values
correlate with a silt or silty peat layer (refer to appendix H, figures H‐4 and H‐5) in which the silt layer
is indicated with SILT3.
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5

IMAGING

5.1

Visual, Thermal InfraRed (TIR) and Near‐InfraRed (NIR)

In appendix I are included the analysis of the remote sensing images.
5.2

Gamma Ray survey

In appendix K the results of the gamma ray survey are included.
5.3

Hyper Spectral Survey

In appendix L are included the analysis of the hyper spectral survey.
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DISCUSSION, CONCLUSION AND RECOMMENDATION

6.1

Discussion
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The soil moisture content is one of the most important parameter affecting surface stability in soil
structures and hence in the typical peat dykes found in the western part of the Netherlands. In peat,
the effective stresses and shear strength that are determining the stability are directly related to the
water content. Since the distribution of water content and also the properties of the materials in
dykes vary both vertically and horizontally, the stability of the peat dykes is also highly variable
vertically and horizontally. This highly variable nature and the enormous length of so‐called peat
dykes make that assessment of the stability on a regular basis is a costly affair. Therefore, any means
that would be able to assess the stability or even to indicate only changes in the stability that are
cheaper than the presently used visual inspections are worthwhile to be investigated on their merits.
Remote sensing is thought to be a possible assessment method, and therefore is in this research is
investigated how far remote sensing techniques could determine variations in water and soil
properties of the dykes.
6.1.1 VISUAL
The visual images show obviously mainly that surface and thus the surface vegetation cover of the
dyke. The vegetation cover, however, may show also differences in vegetation cover, such as the
presence of small yellow flowers in part of the foot of the dyke (Tempeldijk‐South, appendix I, Figure
6). It is remarkable that this location more or less coincides with the location where possible excess
water flows out of the dyke. It is not unlikely that locations that are wetter also have a vegetation
cover that is different from those covering more dry areas.
6.1.2 ELEVATION DATA
Although not intended to be investigated in this pilot study, the data from the Algemeen
Hoogtebestand Nederland may show deficiencies in a dyke. The data determined by Lidar surveys is
accurate enough to determine surface patterns with high detail. The Tempeldijk‐South location
shows a pattern that may indicate a deficiency (subsidence) at a location where also the layers in the
subsurface (determined from the three‐dimensional resistivity survey and 3D subsurface model)
show variations in elevation. Visually any deficiency in the surface of the dyke has not been noted.
6.1.3 THERMAL INFRARED (TIR)
The geotechnical properties of peat differ from those of clay in many aspects. Compared to clay, peat
has a much higher porosity and ability to hold water under natural (unloaded) conditions. This was
clearly indicated from their ability to absorb and emit electromagnetic energy. Apart from the
emissivity property of the material composition, the emissivity of an object is highly depending on
the moisture content. Water has very dark to medium gray tones in day TIR images and moderately
light tones in night TIR images, compared with the soil. This simply means that water is cooler in the
day and warmer in the night than most other materials present. This response is due in part to a
rather high thermal inertia, relative to typical land surfaces, as controlled largely by water's high
specific heat. After prolonged period of rainfall, in this research thus mainly in the autumn and
winter, when the topsoil water content is high, the heat capacity of the topsoil is also high and as a
result, more energy is needed to increase its temperature. In consequence, the surface temperature
response to solar radiation and air temperature is slower and weaker. However, after a long period
without rain the water content of the soil is less, and surface temperatures responds quicker to solar
radiation and air temperatures. This feature is shown by the multi‐temporal TIR images of
Tempeldijk‐South. During the summer following the reduction of the moisture content due to
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evaporation and evapo‐transpiration from the topsoil, the peat layer becomes dry and has higher
temperatures where as during the winter it becomes wet and has low temperatures.
Since the dykes are covered with grass, the radiation temperature values are the resultant of the
emitted temperatures from the topsoil of the dyke material and the grass. It is difficult to establish
how much of this resulted from the grass compared to that from the topsoil. The variation in the
radiation temperature of the grass is mainly related to the accumulation of the rainfall water. Fallen
debris from the grass (dead leafs), the water content in the soil, the apparent roughness, and the
position with respect to the sun also influence the radiation. The radiation temperature variation of
the dyke materials is mainly related to the seasonal variability of water content in the soil water
content and therefore can probably be related to the geotechnical properties of the dyke materials.
6.1.4 RESISTIVITY SURVEYS
The results of the 2‐D electrical imaging surveys identify the stratigraphic profile of the two sites on
the Tempeldijk. The interpolated pseudo‐sections reveal the geological formation of the dyke. The
boundary between the clay layer and the peat layer was clearly determined. Also lateral variations
were established that may indicate heterogeneity of these layers, however, also variation in water
content may be present. In the lower parts also more salt containing water from the sub‐surface
seepage from deeper layers may be present which is shown by low resistivity values.
6.2

Conclusions Pilot study

Main conclusions of this pilot study are:







The comparison of the reference site (Tempeldijk‐North) with Tempeldijk‐South (a known
“problem” location) shows that in all surface and subsurface investigations the Tempeldijk‐South
surface and subsurface structure are more irregular which are due to or indicate “problems’ such
as “kwel” and subsidence.
Visual images showed differences in vegetation cover at locations where excess water is likely
present.
The gamma ray survey shows a pattern that is likely related to the real subsurface structure, but
further investigations are required to determine the exact nature of this relation.
The 3D subsurface model and 3D resistivity model correlate.
The data from the Algemeen Hoogtebestand Nederland may show patterns indicating
deficiencies in a dyke. The data determined by Lidar surveys is accurate enough to determine
surface patterns with high detail.

A quantitative analysis was used to evaluate the relationship between the TIR and the NIR images.
Scatter plots were made between the radiation temperature and reflectance DN‐values. Most of the
plots illustrate a very weak relationship. Some of the influencing factors are:
6.3




Recommendations
Thermal emissivity is highly dependent on the moisture content of a soil and thus the emissivity
of this moisture content can vary with diurnal period. Therefore, it is important to acquire
thermal images in different hours of the day in order to see the variation in the emissivity of the
dyke materials and to indicate the distribution of moisture content of the topsoil.
Two objects might have the same Tkin (kinetic temperature) but have different Trad (radiation
temperature) because of differences in their emissivity and their emissivity can be influenced by
external factors such as moisture content, color, and surface roughness. In situ measurement of
the surface temperature of the dyke materials using digital thermometers is very important to
understand the degree of the influence from these factors and to calibrate the results of the
thermal images.
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Local meteorological variables have to be measured simultaneously with the TIR imaging in order
to characterize the conditions of the sensor‐ground surface continuum. These included air
temperature and the global radiation reaching the surface.
The remotely sensed imaging should have to be acquired perpendicular to the study interest, by
increasing the platform above the ground. This will help to minimize the scattering effect in the
reflection for the near infrared imaging.
Vegetation stress can possibly be detected better using hyper spectral remote sensing. Using
spectroscopy it will be easier to differentiate the stressed grass from the healthy grass based on
their variation in the reflectance spectral signature. Therefore, it might be better to use hyper
spectral spectroscopy in the future study.
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The project was executed by the following parties:








International Institute for Geo‐Information Science and Earth Observation (ITC) (project
leader)
Deltares
Haskoning
TNO Science & Industry
Stichting IJkdijk
Gemeente Reeuwijk
Hoogheemraadschap van Rijnland

The persons involved in the project are:

















Yonnas Haddish Awaju, MSc (ITC)
Dr. Sally Barritt (ITC)
Dr. Robert Hack (ITC) (project leader)
Jaap van 't Hof (Monitoring Systems TNO Science & Industry)
Ir. Jos Maccabiani (Deltares)
Sabine Maresch, MSc. (ITC)
Dr. Mark van der Meijde (ITC)
Daniel Perez Calero (Monitoring Systems TNO Science & Industry)
Dr. Arthur Reymer (Monitoring Systems TNO Science & Industry)
Dr. Jan Rupke (Gemeente Reeuwijk)
Ir. Joost van der Schrier (Haskoning)
Timo Schweckendiek (Deltares)
Jaap Stoop (Hoogheemraadschap van Rijnland)
Henk Wilbrinck (ITC)
Wouter Zomer, Ing (Stichting IJkdijk
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Table 1 shows an overview of the activities in this project.
Table 1. Overview activities.

15 Aug 2007
15 Aug 2007
31 Oct 2007
13 Dec 2007
13 Dec 2007
19 Dec 2007
9 Jan 2008
15 Jan 2008
7 Feb 2008
20 Feb 2008
6 Mar 2008
7 Mar 2008
13 Mar 2008
19 Mar 2008
2‐4 Jun 2008
2‐4 Jun 2008
4 Jun 2008
4 Jun 2008
5 Jun 2008
30‐31 Jul 2008
25 Aug 2008

fieldwork Reeuwijk ‐ visual, TIR and NIR images
fieldwork Reeuwijk – 2D resistivity survey
fieldwork Reeuwijk ‐ visual, TIR and NIR images
fieldwork Reeuwijk ‐ visual, TIR and NIR images
meeting City Council Reeuwijk
meeting on location, Reeuwijk
meeting Delft
meeting Delft
workshop FC2015
meeting Delft
conference “Waterkeringen”, Amersfoort
meeting Delft
meeting Delft
meeting Reeuwijk
fieldwork Reeuwijk – visual, TIR and NIR images
fieldwork Reeuwijk – 3D resistivity survey
fieldwork Reeuwijk ‐ gamma ray survey
fieldwork Reeuwijk ‐ hyper spectral survey
meeting HH Rijnland, Leiden
fieldwork Reeuwijk – visual, TIR and NIR images
fieldwork Reeuwijk – boreholes and CPT

Appendix C
RSDYK2008 ‐ Literature review

APPENDIX C
RSDYK2008 ‐ LITERATURE REVIEW

Page 1 of 7

Appendix C
RSDYK2008 ‐ Literature review

Page 2 of 7

Contents
1

GENERAL CHARACTERISTICS OF PEAT
1.1
1.2
1.3
1.4

2

REMOTE SENSING
2.1
2.2

3

INTRODUCTION
PEAT AS DYKE FOUNDATION
DIFFERENTIAL SETTLEMENT
WATER CONTENT AND HOMOGENEITY

THERMAL INFRARED
REFLECTANCE FEATURES OF VEGETATION

REFERENCES

3
3
3
3
3
4
4
5
7

Appendix C
RSDYK2008 ‐ Literature review

1

GENERAL CHARACTERISTICS OF PEAT

1.1

Introduction
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Continues detection and monitoring of peat dykes is very important to secure their stability and
protect the major impact on the environment and casualties (McCahon et al., 1987). Previous
studies show that, there is still lack in detailed understanding of peat mass movements (Carling,
1986a; Dykes and Kirk, 2001). However, the hydrological and geotechnical conditions are the
main issues of peat dykes. These conditions are usually affected by seasonal variations, which
can be considered as a main cause of failure in many engineering structures (Tallis et al., 1997;
Evans et al., 1999).
1.2

Peat as dyke foundation

Ward has been described the risk of a peat layer under a dyke (Ward 1948 and Ward 1955). He
indicated that dykes founded on very weak peat might collapse within a short period after
construction. Instability can occur in peat dykes even if they are on the top of an impervious
material like clay (Carling, 1986a). This is because peat dykes can have less weight than the
resultant water force especially when the crest of the dyke dries out (Van Baars, 2005). This
resultant force can be affected by a rise of water level in the canals, ditch or streams.
1.3

Differential settlement

In countries with large peat deposits at surface such as Canada and Ireland, where peat covers as
much as 16‐18% of the area, construction activities face a serious problem to engineers with
respect to the differential settlement and deformation. This is also a well‐known problem in the
test site area, Reeuwijk, The Netherlands.
1.4

Water content and homogeneity

The distribution of water content and total unit weight vary in both vertical and horizontal
directions in peat layers. Saiyid (Saiyid Hassan, 1994); Dalton (1954) and Radforth (1964)
postulated that, the retention of water in peat may be recognized as free water in large cavities,
capillary water in narrower cavities and water bound (physically, chemically…). This indicated
that any variability in the water content would affect the stability of peat structures.
In peat, the effective stresses and shear strength that are determining the stability are directly
related to the water content. The water content of the topsoil varies with respect to the seasonal
variations. Following the reduction of the water content of the topsoil during the dry conditions
in the summer can result in drying and shrinkage of the peat layer. This will cause new cracking,
reactivation of old cracks, and opening of peat fuel cuttings (Long, 2006). During the intense
rainfall, water can rapidly percolate to the base of the peat through the new and old cracks.
Therefore, any increase in stability due to lowering of the water content is likely to have been
offset by the reduction in unit weight of the peat by drying. Pore pressures in the peat would
have increased significantly, reducing the effective stresses and the resistance to sliding. It is also
possible to speculate that repeated drying and wetting cycles caused shrinkage and swelling
movements in the peat (Warburton et al., 2004). The soil moisture content is also a key
parameter in computing the surface energy balance and important in many applications
including hydrology, agriculture and meteorology (Petrone et al., 2004). Other factors like specific
gravity, organic content, heterogeneity in soil texture, vegetation, land use, topography and
surface temperature also affect the stability of peat dykes (Tansey, 1999; Li and Islam, 1999).
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REMOTE SENSING

Remote sensing in all ranges of the electro‐magnetic spectrum has many applications in
geotechnical investigations (Figure 1). It is also used for mapping the top soil moisture over a
varying landscape (Famiglietti et al., 1999; Li and Islam, 1999) and in identifying engineering
structures. Rijswaterstaat, The Netherlands, has made an inventory of the possibilities of remote
sensing applications for the purpose of dyke quality assessment (Swart, 2007). In this publication
the possible options for using remote sensing are described based on a literature review.

Figure 1. The electro‐magnetic spectrum.

2.1

Thermal infrared

Thermal remote sensing is widely used for many applications including coal fire detection (Yang.
1995), dam leakage monitoring etc. Thermal remote sensing is based on the infrared range of the
electro‐magnetic spectrum. According to Planck’s Radiation law, all objects above 0°K emit
thermal electromagnetic energy in the 3.0 –14 μm wavelength region. The emissive power of a
black body at any wavelength and temperature, as well as the amount of emitted energy per
wavelength depends on the object’s temperature. Different materials can have widely different
values within the range of 0 to 1. The range of emissivity for ground components in situ of soil,
vegetation and rocks, varies at a given wavelength according to their physical properties and
water content (Fuchs and Tanner, 1966, Van de Griend et al., 1991, Blumberg, D.G et.al., 2000
and 2001).
Planck's law gives the spectral radiance of electromagnetic radiation at all wavelengths from a
black body at temperature T as a function of wavelength λ:
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In which Mλ,T is the spectral radiance in (Wm3), λ is the wavelength in (m), T is the temperature of
the blackbody in (K), C1 is the first radiation constant, 3.74151. 10‐16 (Wm2) and C2 is the second
radiation constant, 0.01438377 (mK).
The emissivity power increases with temperature at each wavelength and the position of the
maximum emissive power shifts towards the shorter wavelengths. Relatively more energy is
emitted at shorter wavelength (Figure 2).

Figure 2. The blackbody curve at 3500, 4000, 4500, 5000 and 5500k

Many researchers (Idso et al., 1975; Reginato et al., 1976; Price, 1980) assessed and mapped soil
moisture by thermal infrared using radar microwave technology, satellite images and/or airborne
sensors for studying bio‐physical processes on a micro‐scale. Jackson (2002) showed the
difficulties for retrieval of soil moisture due to the influence of surface variables like vegetation
cover. Recent studies use terrestrial thermal remote sensing for detection purposes. Thermo
tracer (TH9100) is one of the high sensitive radiometric cameras that measures the infrared
radiation emitted from objects. Preliminary analyses using this thermal camera show a significant
relationship between infrared‐based temperature and surface soil moisture. At a small scale, the
thermal infrared images by a thermo tracer is shown to be useful to map areas characterized by
different soil moisture content (P.Mora, et al., 2007).
2.2

Reflectance features of vegetation

Changes in vegetation can affect the surrounding engineering structures and local groundwater
level (Fredlund, 2001). A difference in the reflectance of grass, which covers a peat dyke, might
relate to the soil moisture variation of the material. Remote sensing allows the detection of
hazardous gas leakage of pipelines from the reflectance spectral signature of stressed vegetation
(Van der Werff et al., 2007). The health of plants is reflected in its chlorophyll content (Van der
Meijde et al., 2004). Adams demonstrated that healthy vegetation shows high reflectance in the
green and NIR region (Figure 3). However, the chlorophyll of stressed or dry vegetation decreases
its absorption efficiency and increase in reflectance in the red (Gausman 1974, Tucker 1979,
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Adams M.L. et al., 1999). Environmental factors such as soil, geomorphology and vegetation
apparent roughness influence the reflectance values. Variations in climatic factors, in particular
precipitation and temperature, have therefore a strong influence on variation in the reflectance.

Figure 3. This general diagram shows the stress indicated by a progressive decrease in Near‐IR reflectance accompanied by a
reversal in Short‐Wave IR reflectance
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Maps and aerial and satellite photos of the test site area and the locations of the test sites.

Figure 1. Location Reeuwijk (map: Routenet‐Routeplan, http://www.routenet.nl ; 16 Feb 2009).
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Figure2. Test sites in Reeuwijk (photo Google Earth, 17 Feb 2009). (Reeuwijk‐Dorp is just south of Tempeldijk‐South test location)
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GEOLOGICAL SETTING

The information about the geological setting of the test sites is summarized from previous works
of researchers who worked in the area, from regional studies, and from the general geological
history of the Netherlands.
1.1

Regional Geologic history

According to Van Staalduinen, at the end of the early Tertiary, the North Sea Basin developed in
northwestern Europe and the later territory of the Netherlands was located at the southern tip
of the basin. During the Tertiary and the Quaternary, the basin subsided gradually due to the
continuous filling up with sediments (Van Staalduinen et al., 1979; Ten Cate, 1982).
According to Ten Cate (1982), the configuration of the coastline of the Netherlands was
determined by the tectonically active area of the Central Graben and Lower Rhine embayment in
the southeast in the latest part of the Tertiary. The river Rhine had its course towards the
northwest and built a delta in the Central Graben area. In the northeast, delta where built on by
North German on ancient Baltic rivers. This indicates that the large part of the deposits has been
laid down in a coastal area at the end of the Tertiary. These deposits are referred deposition
either in a shallow sea not deeper than ten meters, or in coastal swamps, lagoons and lower river
courses. However, at present they are found at considerable depth below sea level, sometimes as
low as 400 to 600m. Variations in intensity of tectonic movement, changes in river courses and
climatic changes with glacial and interglacial periods have determined the geological genesis of
the subsiding basin in the Netherlands during the Quaternary (Ten Cate, 1982).
During the Saalian glaciation (Figure 3.2) the inland ice covered Northern Europe again, as in
several glacial periods before Quaternary, but this time it included the northern half of the
Netherlands. This event had a profound influence on both the sedimentation pattern and the
morphology of the landscape. The rivers Rhine and Meuse were forced into westerly courses.
The ice sheet that pushed by pre‐glacial and river sediments formed the hills in the central and
eastern part of the country.
The Saalian glaciation was followed by the melting of the inland ice during the Eemian
interglacial and at the end of the Weichselian (remained in the Per‐glacial zone without inland
ice) resulted in a rise of sea level and the sea penetrating far more to the east. According to Ten
Cate, during the sea level rising at the end of the Weichselian, there were three zones of
sedimentation: a littoral sandy zone of coastal barriers and dunes, a clayey zone of tidal flats, salt
marshes and brackish lagoons and, at a greater distance from the sea, a zone of peat formation
in a fresh water environment. These zones were shifted towards the east as the sea gradually
flooded the former dry North Sea floor.
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Figure 1. Palaeogeographic map of the Netherlands during the Upper Tertiary and the Quaternary (Ten Cate, 1982)

1.2

Holocene geology of the study area

The regional geological setting of the study area was formed largely in the quaternary by the
direct and indirect activities of the river and the sea (Ten Cate, 1982). The Dutch coastal area was
drowning due to the melting of the Weichselian glacial ice sheet. The melting of this glacial ice in
combination with the tectonic movements resulted in sea level rising. The western Netherlands
was gently westward slopping plain at the end of the Pleistocene. This indicates that the geology
of the western Netherlands is greatly influenced by the Holocene deposits (Figure 3.3).
At the start of the Holocene, climate change causes a very rapidly sea level rise accompanied by
a rise of regional groundwater table. As the result of the rise of the water table, peat growth took
place in various places (Ten Cate, 1982). Sedimentation in the Holocene period started with the
formation of peat (basal peat). The battle between the land and the water increased as the sea
level continued to rise rapidly. As the result, the coastline moved further inward and reached the
Dutch territory in about 8000 BP (Bijlsm, 1982). The Palaeo‐geographical map above shows that
the marine sediments deposited in the coastal area while the fluvial sediments was deposited in
the perimarine area (Figure 3.3a). According to Bijlsma, the rate of sea level rise reduced to
27cm/100years during 5000BP (Bijlsma, 1982) and the extension of marine deposit reduced
significantly (Figure 3.3b). The sea level rise rate was extremely slow in about 3700BP and more
stable river pattern was formed; however, the groundwater level was still high to develop a thick
peat layer over the marine and fluvial deposits (Figure 3.3c). This peat forming process continued
until 700BP in the central part of the Netherlands (Figure 3.3d). When the peat layer was
inundated and/or eroded by the water, the marine or fluvial sediments deposited over it (Figure
3.3e).
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Figure 2. Palaeogeographic map of the Netherlands during the Holocene period (source: took from Mahabubur 2007)

During this Holocene period, the area was located in the perimarine zone, where the deposits
were formed under the influence of the sea level rising interacting with river input from the east.
Specifically the study area is located on the Holocene deposits of The Netherlands, which are
dominated by the thick layers of peat and clay. According to Bosch and Kok, these deposits have
two main origins; namely marine and fluvial deposits. In the Netherlands, the Holocene fluvial
deposits are named as Gorkum and Tiel depending on their correlation to Calais and Dunkirk
marine deposits (Bosch and Kok, 1994).
The marine (Calais and Dunkirk) deposits were formed in a tidal flat depositional environment,
normally a plain gently dipping towards the seacoasts with marked tidal rhythms. The deposits
comprise very silty and moderately silty, massive clays coarsening upward (Bosch and Kok, 1994).
According to the classification made by Reineck and Singh based on the sedimentation process,
the fluvial deposits of the area are grouped into three main groups (Reineck and Singh, 1973):




The channel deposits: are sediment deposits formed mainly from the activity of river
channels. It comprises channel lag, point bar deposits, channel bar deposits and channel fill
deposits of sand.
Bank deposits: are riverbank sediments, which are deposited during the flood period. Levee
deposits and crevasse splay deposits of sand and clay are included in these deposits.
Flood basin deposits: are essentially fine‐grained sediment deposits formed during heavy
floods when river water flows over the levees into the flood basin. They include flood basin
deposits and marsh deposits.

The Holocene deposits of the study area belong to Westland and Kreftenheye Formation and
both formations being mainly formed by river deposits (Bosch & Kok, 1994).
Different layers are distinguished within the westland formation. This formation overlies the
Kreftenheye Formation comprises the fluvial sediments (Gorkum and Tiel deposits) together with
the clastic marine deposits and intercalated peat layers (Bosch & Kok, 1994). In the Reeuwijk,
area the formation consists predominantly of complex alternations of floodplain clay deposits
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with Holland peat. Lenses of sandy clay levee and sand channel deposits occasionally interrupt
these deposits. Abrupt changes of the soil type in short distances complicate the geology of the
area in general.
The Kreftenheye deposits mainly consist of gray, coarse sand and gravel with plant remains. The
silt‐less sand contains calcareous material. Locally the sand is intercalated with organic clay
layers. The lower boundary is located at approximately 20 m below NAP; however, it may reach
10m deeper at channel infill locations (Bosch & Kok, 1994).
The Geological Map of Reeuwijk (1:50000) (Bosch & Kok, 1994) is shown in Figure 1.
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Legend (Holocene deposits):
G0:

Holland peat

rC2:

Holland peat on an alternation of Gorkum (flood‐plain and levee deposits) and Holland
peat on Gorkum deposits (channel deposits)

rG2:

Holland peat on an alternation of Gorkum deposits (flood‐plain and levee deposits) and
Holland peat

C2:

Holland peat on Callais III Deposits (tidal flat deposits) on an alternation of Holland peat
and Gorkum deposits

C2..:

Holland peat on Callais III Deposits (tidal flat deposits) on Gorkum deposits (channel
deposits)

rC0:

Holland peat on Gorkum deposits (channel deposits)

rBd2g:

Tiel deposits (channel deposits) on an alternation of Holland peat and Gorkum deposits
(flood‐plain and levee deposits)

rD0g:

Tiel deposits (channel deposits, locally covered by levee deposits)

rA0k:

Tiel deposits (flood‐plain deposits) on Holland peat on Gorkum deposits (channel
deposits)

rD0k:

Tiel deposits (flood‐plain deposits on channel deposits)

C0:

Tiel deposits (flood‐plain deposits)

rD1k:

Tiel deposits (flood‐plain deposits) on Gorkum deposits (flood‐plain and levee deposits)
on Gorkum deposits (Channel deposits)

rF2k:

Tiel deposits (flood‐plain deposits) on an alternation of Holland peat and Gorkum
deposits (flood‐plain and levee deposits)

rA2k:

Tiel deposits (flood‐plain deposits) on an alternation of Holland peat and Gorkum
deposits (flood‐plain and levee deposits) on Gorkum deposits (channel deposits)

rF0k:
Tiel deposits (flood‐plain deposits) on Holland peat
F3k:
Tiel deposits (flood‐plain deposits) on an alternation of Holland peat and Gorkum
deposits (flood‐plain and levee deposits)
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Figure 1. Geological map of the area around Reeuwijk (after Bosch and Kok, 1994) (Legend see page before).
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A total of 2 boreholes made with a “Delft Continuous Soil Sampler” (a type of triple-tube
sampler) and 17 Dutch cone penetrometer tests (CPT) with pore water pressure measurement
have been made at the Reeuwijk Tempeldijk-South location (behind Aldi Supermarket).
Table 1. Coordinates of boreholes and Dutch Cone Penetrometer tests (CPT).

RD
Naam

X coor

UTM(ETRS89) (31)
Y-coor

NAP
Elevation
(m)

Easting

Northing

BH01 (S04)

107238.38

452370.59

615921.089

5768791.26

-4.58

BH02 (S17)

107267.02

452338.03

615950.779

5768759.67

-2.01

S01

107226.43

452371.91

615909.104

5768792.19

-5.06

S02

107230.42

452371.91

615913.091

5768792.32

-4.85

S03

107234.39

452371.18

615917.083

5768791.72

-4.69

S04

107238.38

452370.59

615921.089

5768791.26

-4.58

S05

107242.25

452369.91

615924.979

5768790.71

-4.39

S06

107246.2

452369.18

615928.95

5768790.11

-4.23

S07

107250.23

452368.51

615932.999

5768789.57

-4.03

S08

107254.09

452367.9

615936.877

5768789.09

-3.64

S09

107241.57

452390.37

615923.627

5768811.13

-4.77

S10

107240.77

452385.44

615922.99

5768806.18

-4.66

S11

107240.01

452380.53

615922.392

5768801.25

-4.54

S12

107239.33

452376.64

615921.84

5768797.34

-4.52

S13

107237.42

452365.41

615920.3
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RSDYK2008 - boreholes and Dutch Cone Penetration (CPT) tests

Figure 1. Locations boreholes and Dutch Cone penetrometer (CPT) tests.
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DIEPTE (m) t.o.v. NAP

Appendix F
RSDYK2008 - boreholes and Dutch Cone Penetration (CPT)
tests NAP [m]
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MV

MONSTER

(-4.58)

-5
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LAAG

VAN

TOT

BESCHRIJVING

1

1

-4.58

-4.98

VEEN, sterk kleiig

2

2

-4.98

-7.68

VEEN, mineraalarm

3
4
5
6

3

-7.68

-7.83

VEEN, zwak kleiig

4

-7.83

-8.08

KLEI, zwak siltig, matig humeus

7

5

-8.08

-8.33

KLEI, matig siltig, zwak humeus
Met plantenresten.
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-8.33

-8.48
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Appendix F
RSDYK2008 - boreholes and Dutch Cone Penetration (CPT)
tests NAP [m]
DIEPTE

MV

MONSTER

(-2.01)

-3
-4

LAAG
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BESCHRIJVING

1
2

1

-2.01

-2.51
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3

2

-2.51

-2.76

VEEN, mineraalarm

3

-2.76

-3.65
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-3.65

-4.51

VEEN, mineraalarm

5

5

-4.51

-5.76
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-7.79
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The borehole and cpt information has been used to develop a three‐dimensional model of the
subsurface of the Tempeldijk‐South test area. Figure F‐1 shows the location of the sections, and
Figures 2 through 5 show the sections. Figure 6 shows the three‐dimensional model. It should be
noted that the reliability of the 3D model reduces significantly with a larger distance from
boreholes and cpt’s. On the following pages the surface grid is in UTM and the depth is with
reference to NAP. The start and end points of the sections are given in UTM coordinates at the
top of the section.

Figure 1. Location sections A‐A’, B‐B’. C‐C’, and D‐D’.
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Figure 2. Sections A‐A’ (West‐East) and B–B’ (North‐South).
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Figure 3. Sections C‐C’ (NNW‐SSE) and D‐D’ (NNE‐SSW)
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Figure 4. 3D model of the lithology
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In a uniform ground, there is no variation in the resistivity and it remains constant independent
of electrode configuration. While if in‐homogeneity exist in the subsurface, the resistivity will
vary with the relative position of the electrodes. Heterogeneity of the resistivity in
unconsolidated soils can be caused by:



1.2

Different materials with a different resistivity in the subsurface (e.g. lithological variations,
peat, clay, etc.),
variation in the water content in the material in the subsurface, or
non‐homogeneity of the resistivity of the water (for example, salt or fresh water).
2D‐measurements

A 2‐D electrical imaging survey is usually carried out using a large number of electrodes
connected to a multi‐core cable. The typical setup for a 2‐D survey with a number of electrodes
along a straight line attached to a multi‐core cable is illustrated in Figure 1. A computer operated
“Sting R1/IP” has been used as measuring device. It is a single channel automatic resistivity
imaging device with a multi‐electrode system. It has a built‐in set of command files for different
electrode arrays. Typically, 28 electrodes are laid out in two strings of 14 electrodes, with
electrodes connected by a multi core cable to a switching box and resistance meter (Figure 2).
The electrode spacing has been 1 m.
1.2.1 TEMPELDIJK‐NORTH
A 2‐D electrical imaging survey was conducted. The survey line was along the crest of the dyke
perpendicular to the imaging direction. The length of the survey line was 27 m, which is enough
to obtain information down to about 3 m depth
1.3

Interpretation

Schlumberger, Wenner and dipole‐dipole configuration arrays have been used to identify the
best electrode configuration. The tests were done on the Tempeldijk‐North and South locations.
Figure 3 shows an example of the results. The upper 3‐5m depth of the dyke consists of clay, peat
and some thin more silty layers. Compared to clay, peat has a much higher porosity and ability to
hold water under natural (unloaded) conditions. The higher fluid content of the peat causes the
peat layer to be more conductive than the clay layer. Therefore, following the 2‐D electrical
imaging results, the top part of the dyke with a relatively high resistivity value is classified as clay
and the lower resistivity in the lower part of the pseudo‐section is classified as a peat.

2
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Figure 1: The electrode arrangement for a 2‐D electrical imaging survey and the sequence of measurements used to build up a
pseudo‐section (Loke M.H., 2000).

Canal

Poles (20m apart)
Main body
of the dyke

STING R1/IP
Electrodes attached
by multi cables

Figure 2. A 2‐D electrical imaging survey on the Tempeldijk‐North. The equipment consists of a Sting R1/IP and 28 electrodes
having a 1 m spacing laid out in two strings of 14 electrodes.

1.4

Advantages and disadvantages of the three arrays

In 2‐D imaging surveys, the electrode setups “Schlumberger”, “Wenner” and “dipole‐dipole” are
the electrode arrays that are the most commonly used. The choice of the “best” array for a field

3
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survey depends on the type of structure to be mapped, the sensitivity of the resistivity meter
and the background noise level. The Wenner array is relatively sensitive to vertical changes (i.e.
horizontal structures) in the subsurface resistivity below the centre of the array. However, it is
less sensitive to horizontal changes (i.e. narrow vertical structures) in the subsurface resistivity.
The dipole‐dipole array is most sensitive to resistivity changes between the electrodes in each
dipole pair and the sensitivity contour pattern is almost vertical. This array is therefore very
sensitive to horizontal changes in resistivity, but relatively insensitive to vertical changes in the
resistivity. Unlike the above arrays, the Schlumberger array is moderately sensitive to both
horizontal and vertical structures. In areas where both types of geological structures are
expected, this array might be a good compromise between the Wenner and the dipole‐dipole
array.
1.5

3D Resistivity imaging

As the 2D surveys were suspected to be erroneous due to the three‐dimensional variation of the
surface and the layers in the subsurface, three‐dimensional surveys have been done. In this pilot
project only the survey for Tempeldijk‐South section has been included. Two‐dimensional
sections based on a three‐dimensional survey are shown in Figure 5 and 6. The location of the
sections is indicated in Figure 4. The exact locations of the sections are indicated in the sections
with the surface grid in UTM and depth is with reference to NAP.
The sections are plotted together with lithology sections based on the three‐dimensional
lithology model to allow comparison of the results. For a discussion on the results see the main
text of this report.

4
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2-D pseudo-section of Tempeldijk-1

2-D pseudo-section of Tempeldijk-2

Figure 3. The 2‐D pseudo‐sections show the higher resistivity value of clay on the top of the peat layer for (a) Tempeldijk‐1 and (b)
Tempeldijk‐2 (Tempeldijk 1 is Tempeldijk‐North and Tempeldijk‐2 is Tempeldijk‐South location). The section for Tempeldijk‐North is
based on the combination of three configuration arrays and Tempeldijk‐South is based only on the Schlumberger configuration
array.
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Figure 4. Tempeldijk‐South location; electrical resistivity sections based on three‐dimensional survey; North South (Figure 3) and
West‐East (Figure 4).
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Tempeldijk‐South three‐dimensional resistivity sections

Figure 5. North‐South lithology (left) and resistivity (right) sections.
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Figure 6. West‐East lithology (left) and resistivity (right) sections.
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DATA COLLECTION

Terrestrial remote sensing is used to acquire field images of three selected sites on two dykes in
Reeuwijk, The Netherlands. For this research, the locations are named Vreesterdijk, Tempeldijk‐
North and Tempeldijk‐South (for location maps and images is referred to appendix D and Figure
1). Multi‐temporal thermal infrared (TIR), near infrared (NIR) and visual images of the three sites
have been collected in different seasons over 2007 and 2008. The physical condition of the sites
during the field campaigns is described below.

Figure 1. Location of the three dyke sites in Reeuwijk (from Google Earth)

1.1

Vreesterdijk

The Vreesterdijk is located in the area where peat has been excavated and consists of a road on
an embankment of non‐excavated peat. The structure of the dyke is not known in detail, but is
assumed to consist of in‐situ peat in the lower part. Likely, the dyke has been covered by road
pavement materials many times and is covered by tar layers at present. The extent in depth of
the layers is unknown. The dyke does not function as boundary for a water canal, but as a local
division dyke (dam) in the excavated area, and as an access road to a farm.
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1.1.1 REMOTE SENSING
Images of visual, Thermal InfraRed (TIR) and Near InfraRed (NIR) were taken oblique from a
distance of about 50 m. Taking images perpendicular to the dyke was not possible due to cattle
and a fence around a cattle field. The location where the images have been taken is above the
top of the dyke. The dyke is about 200 m long and has a height of 1.5 m. Long grass fully covered
the dyke materials as well as the water in the ditch during the first field campaign (Figure 3a).
Some of the grass was dried out. The grass was removed a few days before the second field
campaign. This exposed the topsoil of the outer layer materials of the dyke in parts of the dyke
(Figure 3b). In December, the degree of exposed topsoil reduced due to the newly grown grass
and due to the increase in the height of the grass as compared to the height of the grass in
October (Figure 3c). During the first two field campaigns, the position of the sun was nearly
perpendicular to the imaging direction while in December it was almost towards the lens of the
camera.
1.2

Tempeldijk

The Tempeldijk is the boundary between a high‐laying in‐situ peat deposit area where the peat
has not been excavated and a low‐laying area where the peat layer has been excavated. The dyke
functions as a dyke (e.g. dam – “boezem kade”) for a de‐watering canal. Two test sites were
selected; one on both ends, e.g. Tempeldijk‐North and Tempeldijk‐South (originally these were
named Tempeldijk‐1 and Tempeldijk‐2. As this caused confusion names have changed to more
location specific names of Tempeldijk North and Tempeldijk‐South).
1.3

Tempeldijk‐North

1.3.1 REMOTE SENSING
At Tempeldijk‐North images were acquired over 80 m length. Poles for marking and referencing
the images were set every 20 m. The images were acquired from the low‐laying area,
perpendicular to the dyke at a distance of 24 m from the top. The cameras were placed about
every 10 m parallel to the poles. The images were taken about 1.65‐1.75 m above the ground. In
order to obtain directionally geo‐referenced images, the imaging was taken from the same
position in all survey campaigns.
In August images were taken with a clear sky. The grass was quit green with less apparent surface
roughness (Figure 4a). In October, the sky was bright and the sun perpendicular to the imaging
direction. The apparent roughness of the grass was larger than in August and in some areas the
grass was dried out. Some of the grass was long enough to create its own shadow (Figure 4b).
During the third field campaign in December, differences in the apparent roughness of the grass
were observed. The position of the sun was towards the lens of the camera (Figure 4c). Direct
sun was not allowed to enter the lens of the camera. The main part of the dyke was affected by
its own shadow in December.
1.4

Tempeldijk‐South

1.4.1 REMOTE SENSING
At Tempeldijk‐South images were acquired over 100 m length. Poles for marking and referencing
the images were set every 20 m. The images were acquired from the low‐laying area,
perpendicular to the dyke at a distance of 33 m from the top. The cameras were placed about
every 10 m parallel to poles. The images were taken about 1.65‐1.75 m above the ground. This is
similar to the Tempeldijk‐North location, only the larger distance increased the area covered by
per image (Figure 2).
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The apparent surface roughness of the grass was almost similar over the dyke during the first
field campaign. Some dried out grasses were observed in the middle of the dyke (Figure 5a).
Physical change especially in the apparent roughness of the grasses was noted in the second
(Figure 5b) and third (Figure 5c) field campaigns. In all seasons, images were taken in sunshine. In
December the position of the sun was at some angle to the lens of the camera and the topsoil of
the dyke materials was exposed in some part of the dyke.
In Figure 6 a stitched photo mosaic is included showing the full length of the test site. Please
note the presence of small yellow flowers in the center part of the image.

Figure 2. Tempeldijk‐South location; layout of marker poles and photo positions.
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Vreesterdijk road

a

Water in ditch

b

Vreesterdijk road

Ditch

c

Vreesterdijk road

Ditch

Figure 3. Visual images of Vreesterdijk shows the change in physical condition during the August 15, 2007 (a), October 31,
2007 (b) and December 13, 2007 (c) field campaigns.
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a

b

c

Figure4. Visual images of Tempeldijk‐North showing the position with respect to sun in (a) August 15, 2007, (b) October 31 and (c)
December 13, 2007 field campaigns.
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a

b

c

Figure 5. Visual images of Tempeldijk‐South showing the difference in the apparent surface roughness in (a) August 15, 2007, (b)
October 31, 2007 and (c) December 13, 2007 field campaigns.
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Figure 6. Stitched photo mosaic of Tempeldijk‐South test site. Photo direction perpendicular to the dyke in about Eastern direction.
The black lines indicate the pole positions (see location map Figure 2).
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Terrestrial imaging using infrared remote sensing

1.5.1 THERMO TRACER TH9100PRO
The thermal camera that has been used for imaging the thermal radiation is a NEC Thermo Tracer
TH9100Pro (Figure 7), which has a spectral range of 8 to 14 µm, a resolution of about 0.04oC, and
a focusing range from 30 cm to infinity. The pixel size of the thermal image is about 1.2 mm at a
distance of 1 m and 1.2 cm at a distance of 10 m and the size of each image was 320 X 240 pixels
(see Appendix‐B for the specification of the camera). As described in section 4.1, the distance of
imaging for the three sites is not the same, which means the images of these sites have different
resolutions. For instant, the resolution for images of Tempeldijk‐1 is 2.88cm while images of
Tempeldijk‐2 have 3.96cm.
On the screen of the camera, an image of the dyke surface is displayed with temperature values
represented by different colours. In a grey‐scale colour scheme the warmer areas becomes
bright/white and colder areas become darker. The radiant flux emitted from a surface is received
by the detector and converted into an image which pixel values are radiometric temperatures.
This camera has a built‐in automatic continuous calibration to a blackbody and the option to
define emissivity values. The range of emissivity for ground components for soil and vegetation
varies at a given wavelength according to their physical properties and water content (Fuchs and
Tanner 1966, Van de Griend et al. 1991).

Figure 7. The thermo trace TH9100pro TIR camera used to map the emitted temperature of the dyke materials (photo taken
during the summer field campaign).

1.5.2 ADC MULTISPECTRAL CAMERA
The Agricultural Digital Camera (ADC) (Figure 8) is a multispectral camera designed for
agricultural and vegetation purposes. It takes images in the range of red to near‐infrared of the
electromagnetic spectrum (0.52 to 0.95 µm). The size of each image is 1280 x 1024 pixels.
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Figure 8. ADC multispectral NIR camera used to map the reflectance variation of the grass that covers the dyke materials (source:
the Tetra cam web site)

1.6

IMAGE PROCESSING

1.6.1 SAMPLING
Items such as trees, houses, main‐power poles, the sky and roads are included in the images.
These items have a great influence on establishing relationships between the multi‐temporal TIR
and NIR images. Figure 9 shows the distribution of the population in one of the near infrared
images of the Tempeldijk‐South dyke. The sky has the higher reflectance with DN‐values of 100‐
200 and with a high number of pixels up to 20,000 (Figure 9a). For the dyke surface, the
reflectance value ranges between 30 to 100 and the number of pixels is up to 9000. In order to
avoid this influence and to make the images with one entity (e.g. the dyke material), sampling is
very important. Sampling is obtained based on the best fitting and most changes were observed
in both the NIR and TIR images of the dykes. The dimension of the sampling areas is not similar
for all dykes. 271 X 62, 306 X 108, and 308 X 108 pixels with a 0.1‐pixel size are used for the
Vreesterdijk, Tempeldijk‐North, and Tempeldijk‐South sites respectively. After sampling the dyke
material becomes normally distributed and stretched throughout the range between 0 and 255
(Figure 9b). The above sample areas are made for the whole dyke material; however, a further
sampling was made on areas where most changes occur between the different survey
campaigns. The pixel size is the same in all sample areas, which is 0.01. This was done in the GIS
and MATLAB environment and the images are typically assigned a colour map emphasizing the
difference in the objects temperature and reflectance value.
a

b

Figure 9. Histogram distribution of the near infrared image of Tempeldijk‐South taken in October 2007 (a) the whole area and (b)
the sampled area that is stretched to the 256 DN‐value
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IMAGE INTERPRETATION AND ANALYSES

This section describes the qualitative and quantitative analysis made on the remotely sensed
images. The quantitative analysis is focusing on evaluating the relationship between the multi‐
temporal thermal infrared (TIR) as well as near infrared (NIR), which was done using MATLAB
programming software.
2.1

Thermal imagery in different seasons

2.1.1 INTRODUCTION
The variation of the emitted temperature of any material is mainly depending on what is
happening at its atomic level. Different materials can have widely different emissivity values
within the range of 0 to 1. The pixels of the thermal images are represented by radiation
temperature values of the ground. Unlike remote sensing of reflected light from surfaces in
which only the topmost layer is involved, thermal remote sensing includes energy variations
extending to varying shallow depths below the ground surface. During a single daily (diurnal)
cycle, the near surface layer of unconsolidated soils experience alternate heating and cooling to
depths typically between 0.5 and 1 m. Since, there is a limited difference in the absorbance and
emissivity property of a homogenous material, the spatial distribution of the radiation
temperature of such media is expected to be the same. However, the TIR images of all seasons
show a variation in the spatial and temporal distribution of the radiation temperatures.
As discussed before the sites are covered by grass except in some part of the Vreesterdijk during
October and December. This implies that the radiation temperature values are the resultant of
emitted temperature from the topsoil of the dyke materials and the grass. It is difficult to
establish how much of this resulted from the grass compared to that from the topsoil. The
variation in the radiation temperature of the grass is mainly related to the accumulation of the
rainfall water. The radiation is also influenced by fallen debris from the grass (dead leafs), the
water content in the soil, the apparent roughness, variation in color, and the position with
respect to the sun. For example, darker objects absorb and emit more than the lighter coloured
objects. The same is true for the surface roughness: the greater the roughness (compared to λ),
the greater the surface area, the greater the emission. Therefore, the darker and the higher the
surface roughness can be indicated by higher temperature values in the thermal images. In this
study the colour and the surface roughness are mainly related to the position of the sun angle,
some exposed soils and to the grass that covers the dykes. The radiation temperature variation
of the dyke materials is mainly related to the compositional variation of the soil, the seasonal
variability of water content in the soil and to the presence of subsurface voids/cracks and
therefore can probably be related to the geotechnical properties of the dyke materials.
The interpretation and analysis was done based on the spatial and temporal variations of the
radiation temperature from the multi‐temporal TIR images. These variations are further related
to the geotechnical properties mainly to the distribution of moisture content of the topsoil. This
is because soil moisture is one of the most important geotechnical parameter affecting surface
stability in soil structures.
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2.1.2 VREESTERDIJK
The images of this dyke have been acquired oblique. This angle was corrected by rotating the
sample images of the TIR and NIR by 11.8o (used this angle to rotate the dyke in to a horizontal
position) to perform further statistical analysis. The original pixel information remains the same.
The material of the dyke is likely peat but details are not known. The removal of the grass
between August and October makes the TIR images difficult to compare. The sampled images of
the dyke are shown in Figure 10. During the summer field campaign, the height of the grasses
that fully covered the dyke materials was above 0.5 m (Figure 10a). This implies that the
radiation temperature resulted mainly from the emitted temperature of the grass rather than
from the dyke material. The relatively dry grass (yellowish) show higher radiation temperatures
than the green grass (Figure 10a). The TIR image of October shows high radiation temperatures
for the exposed topsoil of the dyke and low on places that covered by grass (Figure 10b). The
relatively dry part of the dyke materials are indicated by higher value (above 8oC). The low values
can be related to the moisture content of the grass as well as to the shadow effect of the grass
on the dyke materials. In December a similar result was obtained from the TIR image (Figure 10c)
as in October. The scatter plot (Figure 11) shows the radiation temperatures of October versus
December. Establishing a relationship between the thermal images of August with the other two
seasons is not useful due to the different grass heights. The range of the radiation temperature in
relation to the atmospheric temperature is presented in Table 1.
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a

b

c
Figure 10. The spatial and temporal variation in the thermal images of the Vreesterdijk in (a) August, (b) October and (c) December.
The gridding scale is based on the row and column number of the images.
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Figure 11. Scatter plot of the radiation temperature of October versus December.

Table 1. Surface and radiometric temperature of Vreesterdijk

Imaging period

Mean Atmospheric
temperature

Radiation temperature
of the dyke

Humidity

August 15, 2007

25°C

20 – 22°C

80%

October 31, 2007

12.5°C

1 – 8°C

87%

December 13, 2007

1°C

‐31 – ‐15°C (*)

95%

(*) the temperatures do not reflect the real material temperature, but only a radiation
temperature.
2.1.3 TEMPELDIJK‐NORTH
The mean atmospheric temperature during the field campaigns was the same for all sites.
However, the values of the radiation temperature of the other two sites are different from
Tempeldijk‐South. For the Tempeldijk‐North, the radiation temperature of the dyke materials is
lower than the mean atmospheric temperature in all field campaigns (Table 2). The temperature
images are shown in Figure 12. These images show some similarities in certain areas. The high
temperature (above 21.2oC) for part of the August image indicated relatively dry areas of the
dyke while the dark blue coloured areas show the relatively wet areas (Figure 12a). However, the
general difference in the radiation temperature of this site is only 2o C. In October, the upper part
was dominated by relatively low temperature and the lower part has relatively high temperature
(Figure 12b). That means the upper part can be identified as wet area while the areas with low
temperatures observed in the lower part are due to the shadow effect of the grass or due to the
presence of water. In December, the radiation temperatures are highly influenced with respect to
the position of the sun. The middle part has low temperature due to the shadow effect of the
dyke itself (Figure 5c) and hence the higher values are areas, which were exposed to the
reflection of the sunshine (Figure 12c). The range of the radiation temperatures in December is
very low. The multi‐temporal TIR images of this site did not show similarities that can determine
the composition of the dyke as compared to the Tempeldijk‐South (see next chapter).
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a

b

c
Figure 12. The spatial and temporal variation in the thermal radiation of the Tempeldijk‐North in (a) August, (b) October shows
relatively two layers and (c) December shows the influence of the shadow. (Tempeldijk‐1 is Tempeldijk‐North location)
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Scatter plots are made to see the general trend of the possible correlations between the
radiation temperature values of the three imaging periods. The plot between the radiation
temperature of each pixel of August and October does not show any possible trend (Figure 13a).
The sample points concentrate in the middle of the plot and extreme points are present
everywhere. The same applies for correlation between October and December (Figure 13b). This
is mainly due to the effect of the shadow during the December field campaign, which is shown in
lower values. To some extent, the plot between August and December seems to show a weak
positive correlation (Figure 13c) but in general, the correlation is very weak. The difference in
temperature for the whole image of the dyke, is less than 2oC for August, 7oC for October and
about 10oC for December.

a

b

c

Figure 13. Scatter plots of the multi‐temporal thermal images, which shows the radiation temperature of (a) August verses
October, (b) December verses October and (c) August verses December (Tempeldijk‐1 is Tempeldijk‐North location)
Table 2. Surface and radiation temperature of Tempeldijk‐North

Imaging period

Mean Atmospheric
temperature

Radiation temperature
of the site

Humidity

August 15, 2007

25°C

20 – 22°C

80%

October 31, 2007

12.5°C

‐1 – 6°C

87%

December 13, 2007

1°C

‐32 – ‐21°C

95%

2.1.4 TEMPELDIJK‐SOUTH
The thermal image of the Tempeldijk‐South made in August shows a low emitted temperature
for the top and bottom part of the dyke (Figure 14a). The temperature value for this part is 25‐
26.5oC which is nearly the same as the atmospheric temperature of that day. The middle part has
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relatively higher radiation temperatures than the top and bottom parts. The higher values extend
towards the upper part in the left side of the image. Depending on the values of the radiation
temperature, the image shows three different layers. The boundary between the higher radiation
and the lower radiation is not clearly determined (not horizontal). Also in October the same
three layers can be distinguished. In this period, the top left part of the image was dominated by
lower radiation temperatures as compared to August. In addition, the higher radiation values are
scattered throughout the middle part of the image (Figure 14b). The range in the radiation
temperature values of the dyke is below the mean atmospheric temperature of that day (Table
3). The TIR images of the December are different from the images made in August and October.
The top and bottom part of the images, which are indicated by low temperatures in August and
October, show a relatively high radiation temperature while the middle part has low radiation
temperatures (Figure 14c). The range of the radiation temperature in this period is ‐29 to ‐18oC.
In all of the TIR images of the Tempeldijk‐South site, the radiation temperature is influenced by
the emissivity of the topsoil of the dyke beyond the emissivity of the grass on the surface. The
basic variation between the top and the middle part of the images is mainly due to the
difference in the soil properties of the dyke materials. Based on this, the top part can be
classified as clay and the middle part as peat. This implies that the peat layer has high radiation
temperature in the August and October TIR images while it has a low temperature in the
December TIR images. This temporal difference in the radiation temperature of the peat unit can
be explained by the characteristics of the atmospheric interference and their change with time.
In the field, wet areas were cooler because these take a longer time to warm than dry areas.
During the summer following the reduction of moisture content due to evaporation and evapo‐
transpiration from the topsoil, the middle part becomes dry and has high temperatures whereas
during the winter it becomes wet and has low temperatures.
Scatter plots of this site are made between the pixel values of the multi‐temporal TIR images to
see the possible correlations. The plot between August and October shows a vague positive
correlation (Figure 15a). While the correlations between August and December as well as
between October and December have a vague negative correlation. The negative correlation is
much stronger between August and December (Figure 15b) than between October and
December (Figure 15c). These plots can indicate the seasonal variability of the water content in
the topsoil of the dyke materials.
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b

c
Figure 14. The spatial and temporal variation in the thermal radiation of the Tempeldijk‐South, which has relatively high radiation
temperature for peat layer in (a) August 15, 2007 and (b) October 31, 2007. While low temperature was acquired in(c) December
13, 2007 field campaigns (Tempeldijk‐2 is Tempeldijk‐South).
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Figure 15. Scatter plots of the thermal images, which shows the radiation temperature of (a) August verses October, (b) August
verses December and (c) October verses December (Tempeldijk‐2 is Tempeldijk‐South).
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Table 3. Surface and radiation temperature of Tempeldijk‐South

Imaging period

Mean Atmospheric
temperature

Radiation temperature
of the dyke

Humidity

August 15, 2007

25°C

25 ‐ 29.5°C

80%

October 31, 2007

12.5°C

2 ‐ 8°C

87%

December 13, 2007

1°C

‐ 29 ‐ ‐18°C

95%

2.1.5 LOW RADIATION TEMPERATURES
The radiation temperature acquired in December for Tempeldijk‐South is very low compared to
the mean atmospheric temperature. This can be related to the following reasons:






2.2

In the rainy season, when the topsoil water content is high, the heat capacity of the topsoil is
also high and as a result, more energy is needed to increase its temperature. In consequence,
the surface temperature response to the solar radiation and air temperature is slower and
weaker. However, during the dry season following the reduction of the water content from
the topsoil, surface temperature responds quicker to solar radiation and air temperatures
(Katra et. al, 2006).
In addition, the thermal conductivity depends on the water/ice content in soil. When the
temperature drops below 0oC the energy storage in the soil is changed such that liquid water
is converted to ice, this implies that the latent heat will change simultaneous with decreasing
temperature.
The other possible reason is related to the detecting sensor of the thermal imaging cameras.
The thermal imaging cameras do not determine the true temperature of any material from
its emissivity. They can only compute the apparent temperature of the material. Thus, the
apparent temperature is a function of both temperature and emissivity. This apparent
temperature of an object may be substantially different from its true temperature.
Near infrared images in different seasons

The near infrared multispectral images provide only the surface information depending on the
greenness of the grass that covers the dyke sites (Quiroz et. al, 2001). The greenness is mainly
related to the stress due to the evaporation of water from the topsoil which may cause the grass
to come yellowish. Hence, the near infrared images may deliver supplementary information on
the condition of the dykes. In the original images (Figure 16), it is difficult to see any difference in
reflectance of the grasses except for some dark spots.
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Exposed topsoil

Figure 16. The raw NIR image in near and red bands acquired using the ADC multispectral camera of Tempeldijk‐2 in August
(upper) and the shadow effect in the Tempeldijk‐1 in December (lower).

Since the ADC (Agricultural Digital Camera) multispectral camera gives the reflectance value in
the red and near infrared band, it was tried to emphasize the absorbance and reflectance
property of the grass in separate bands (hence in different wavelength). Considering the
response to light energy, natural surfaces are about equally bright in the red and near infrared.
That means the areas of topsoil having a little or no green grass will appear similar in both red
and near infrared wavelengths. Whereas areas with much green grass will be very bright in the
near infrared and very dark in the red part of the spectrum. This is because red light is strongly
absorbed by photosynthetic pigment (chlorophyll) while near infrared light is highly reflected.
Therefore, the NIR wavelength of the camera was used to determine the variation in the
reflectance of the grass. As a result, differences in the reflectance were noted in this portion of
the spectrum. In this portion, the green grasses and the shining surface of the dyke appear with
a high reflectance value. The low reflectance values are mainly related to the dried out grass,
leafs with accumulated rainfall, shadows and dark objects (exposed dyke materials). However, it
is difficult to discriminate the stressed grass from the healthy grass.
The difference in the reflectance value is highly dependent on a large number of vegetation
properties such as the leaf area, biomass, chlorophyll concentration in leaves, plant productivity,
vegetation cover, accumulated rainfall, etc. These properties vary with the seasonal variation and
influence the reflectance value of the grass. On the other hand, external factors such as apparent
roughness, wind direction and position with respect to the sun also influence the true
reflectance values of the grass. The physical appearance of the grass changes from season to
season. The tall grass has higher possibility to bend with minor influence for example the wind,
which affects the apparent roughness of the dykes, and hence the true reflectance value of the
grass. The position of the sun angle is also one of the factors that influence the reflectance
values. For instance, in the December field campaign the reflectance value of Tempeldijk‐North
was highly affected by the shadow due to the position of the sun, which was behind the imaging
surface of the dyke and directly towards the lens of the camera. As a result, areas covered by
shadow show a low reflectance value (Figure 5.8 lower and Figure 5.11c) while the grass exposed
to the sunshine had a higher reflectance. Comparing to the other two field campaign seasons,
images of this season did not reflect the actual condition of the dyke. This is because the green
grass with a high concentration of chlorophyll are expected to show high reflectance value in the
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near infrared as the others but they show low reflectance value due the presence of shadow.
This has high impact on the possible correlation that can have with the other imaging seasons.
Sampled images of all sites are shown below (Figure 17, 18, and 19).
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a

b

c
Figure 17. The multi‐temporal near infrared images of Vreesterdijk shows high reflectance for the long green grasses in August (a).
Low reflectance values in October (b) and December (c) are typically the reflectance from the exposed topsoil.
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b

c
Figure 18. The spatial and temporal variation in reflectance of Tempeldijk‐North in (a) August, (b) October and (c) December
(which is highly influenced by the position of the sun angle) field campaign (Tempeldijk‐1 is Tempeldijk‐North).
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c
Figure 19. The spatial and temporal variations in reflectance of Tempeldijk‐2 showing minor variations in (a) August and (b)
October NIR images while in December the variation is high due to the presence of exposed topsoil (c) (Tempeldijk‐2 is Tempeldijk‐
South).

The plot of October versus August for the Vreesterdijk (Figure 20 left) shows clustering at the
lower right part of the graph, which indicates the high reflectance during the summer (presence
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of grass) and low during the October (absence of grass). However, the clustering in the scatter
plot between October and December (Figure 20 right) is in the lower left corner and sample
points extend towards the upper right corner. This might show the only weak positive correlation
of the images. The clustering extends towards the lower right, which indicates the increment of
the reflectance in some areas due to the growth of grass.

Figure 20. Scatter plots of the multi‐temporal near infrared images of Vreesterdijk, which shows the correlation in the reflectance
of August verses October (left) and October verses December (right)

The plots of Tempeldijk‐North do not show any trend that can possibly indicate the correlation of
the multi‐temporal images. Many sample points are concentrated in cluster (Figure 21). The
shadow effect (during the December field campaign of this site) is clear in the relation between
the images of October and December, for different reflectance values of the October show the
same value in the December. There is also no indication of correlation in the scatter plots of the
Tempeldijk‐South (Figure 22). This might show the change in the reflectance of the grass with
respect to the seasonal variation. Thus, for all the sites the correlation between the NIR images
of the different seasons is poor.
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Figure 21. Scatter plots of the multi‐temporal near infrared images of Tempeldijk‐North, which shows the relationship in the
reflectance (DN‐value) of August verses October (left) and October verses December (right) (Tempeldijk‐1 is Tempeldijk‐North).

a

b

c

Figure 22. Scatter plots of the multi‐temporal near infrared images of Tempeldijk‐South showing the correlation in the reflectance
of (a) August verses October, (b) October verses December and (c) August verses December (Tempeldijk‐2 is Tempeldijk‐South).
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GAMMA RAY SURVEY

A terrestrial gamma ray survey was done to investigate the options for using gamma ray for dyke
inspection.
The location Tempeldijk-2 refers to Tempeldijk-North and Tempeldijk-3 refers to TempeldijkSouth.
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GAMMA RAY SURVEY

A terrestrial hyper spectral survey was done to investigate the options for using hyper spectral
surveys for dyke inspection.
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Dike measurements
•
•

Measurements procedure
The spectrometer is situated at a distance of approximately 25m of the dike, measuring on a line its vertical profile.

Lines above the horizon

Spectrometer

Spatial axis
Dike

Image of the ground

Spectral axis
(400 → 1000nm)
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Equipment
Imspector spectrometer

Dolphin CCD
•High sensitivity
•Low noise

•Spectral range: 400-100nm
•Spectral resolution: 6nm

Front optics
25mm optical system.
20° Aperture
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Measured Area

The measured area is divided in 3 different Sectors.

Sector 1

Sector 3

Sector 2
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sec1_p1: 24.82m
sec1_p2:25.5m
sec2_p3: 23.47m
sec2_p4: 22.81m
sec1_p5: 21.75m
sec1_p6: 22.68
sec1_p7: 22.06
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sec2_p1: 32.98m
sec2_p2: 32.03m
sec2_p3: 32.20m
sec2_p4: 33.11
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sec3_p1: 62.8m
∆α per pixel 0.1724°

62.8m

22.6m
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Data Process
Incident light spectrum obtained from a diffuser

Measurement of the dike
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200
300

200
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900
1000
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800
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1200

Reflectivity
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600
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Output format
• Results are save in Matlab files with the following denomination:
Secx_py_total.mat
With
x: Sector measured.
y: point in the sector.
Each line of the file corresponds to a wavelength
Each column corresponds to an altitude
on the dike.
The first column indicates the reference
Wavelength. The first line indicates the
altitude.
An exception is the file sec3_p1_total,
where the first line indicates the distance
from the spectrometer.

Wavelength (nm)
Reflectivity

Altitude (m)
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Output format (II)
Spectrum above the
line of the horizon

Example case: sec2_p4_total
Spatial data is divided in 3 different areas:
Position coordinates with negative values
corresponds to a section of the ground
situated before the dike. It can be seen in
slide number 2

2.

Altitude on the dike. It has been assumed
that the dikes are 6.5m tall.

3.

Light from above the horizon line. It is
diffused light from the sky. It can be seen
that the spectrum is slightly different to the
reference one as the incident light is
oblique
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SPECIFICATION OF THE THERMAL INFRARED IMAGERY USED TO ACQUIRE RADIATION
TEMPERATURE OF THE DYKES.

2
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