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Abstract: Inspection data can be used to comprehend and plan effective maintenance of bridges.
In particular, the year of initial construction is one of the most important criteria for formulating
maintenance plans, making budget allocations, and estimating soundness. In an initial survey of
bridges in Cambodia, it was concluded that the year of construction of only 54% of 2439 bridges
surveyed is known, with the remaining 46% remaining unknown. In this research, Landsat satellite
data is used to estimate the year of construction of these bridges. Landsat provides spatial spectral
reflectance information covering more than 30 years, and for longer bridges this can be used to
estimate the year of construction by visual judgement. However, limited image resolution means
this is not possible for shorter bridges. Instead, a method using the Landsat Normalized Difference
Water Index (NDWI) is used to estimate the year of construction. Three pixels are selected from
Landsat image data in such a way that one lies on the current location of a bridge and two other
reference pixels are placed on similar terrain at a certain distance perpendicular to the bridge axis.
NDWI values are plotted over time for the three pixels and the difference in value between the bridge
pixel and the two reference pixels is then compared. Before the bridge is constructed, all three pixels
should have similar NDWI values, but after construction the value of the target bridge pixel should
differ from the other two because the NDWI value of a bridge surface is different from that of the
surrounding vegetation. By looking for this change, the year of construction of a bridge can be
estimated. All the bridges in the Cambodian database are classified into three categories based on
length (which affects their visibility in Landsat images) and year of construction is estimated. The
results show that estimated year of construction has the same accuracy in all three categories.

Keywords: year of bridge construction; Landsat data; normalized difference water index

1. Introduction

A very important aspect of bridge asset management and maintenance is a composite
database containing related details of all the bridges, such as length, materials, date of
construction, etc. [1]. During a recent analysis, Cambodian officials realized the importance
of such a database and commenced a survey to collect this data for all road bridges in
Cambodia. As part of the survey, each bridge was also inspected and components that
make the bridge unsafe for passenger use or that may lead to collapse were identified.
The first cycle of bridge inspection was conducted by Cambodian engineers under the
management of the Road Infrastructure Department (RID) of the Ministry of Public Works
and Transport (MPWT) between 2015 and 2017. This survey made clear that there are
many gaps in the information available, year of construction being one of them. Out of
2439 bridges, the year in which 46% of them were constructed could not be identified due
to lack of available documents and evidence.

Year of construction is one of the most important parameters of a bridge database. It is
the basis for estimating the current and future condition and serviceability of a bridge as
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well as for risk prediction [2]. In case of Cambodia, a bridge is designed using specific de-
sign guidelines similar to other countries, which were generally updated every 5 to 10 years
to reflect findings from recent disasters or changes in construction materials. Therefore, it is
necessary to estimate the year of construction, to know information regarding the version
of the design guidelines used, construction materials used, and the age of structure. Once
the construction year along with design guidelines is estimated, expected life, bridge main-
tenance, and restoration can be planned according to the present deteriorated condition.
Bridge age is also one of the components of the Markov Chain model for predicting the
service life of a bridge [3]. Hence, there is urgent demand for a way to estimate the year of
construction of these bridges effectively and accurately in order to complete the database
and carry out effective maintenance.

This study addresses a new problem of estimating the construction year of a bridge and
there have been no prior trials performed in this direction. Previous studies have estimated
the deterioration rates of bridge elements [4,5] and service life estimation of bridges [6]. To
estimate the construction year, it is necessary to have available some kind of data collected
in the past that can be successfully analyzed to extract the time of construction of bridge.
Many previous studies have used satellite data for extracting bridge features [7,8] and
monitoring structural deformation and early warning systems via interferometry [9–11].
Similarly, a system for efficiently performing this analysis is needed for this study and one
such system can be formulated using image data collected by Landsat satellites.

Landsat came about when the United States Geological Survey (USGS) proposed
collecting data from a reliable source and utilizing it for environmental applications world-
wide. This led to the Earth Resource Observation Satellite (EROS) project in 1966, which
accomplished this goal with the launch of the Earth Resources Technology Satellite (ERTS-1).
The satellite was renamed Landsat 1 on 23 July 1972. Subsequently, Landsat 2, 3, 4, 5, 7,
and 8 came into operation in 1975, 1978, 1982, 1984, 1999, and 2013, respectively [12]. Un-
fortunately, Landsat 6 failed in 1993. For Landsat 1 to 3, the ground sampling interval was
80 m, i.e., one pixel in an image represented an area equivalent to 80 m × 80 m. This was
upgraded to 30 m for Landsat 4 to 9 [13]. Due to limitations of the Landsat data collected
from Cambodian geographical territory, this research uses Landsat 5 which provides data
from 1988 to 2012 and Landsat 7 for 2000 to 2020. Therefore, this study uses Landsat 7 data
after 2000 and Landsat 5 data before 2000. The comparison between Landsat 5 and 7 is out
of the scope of this study and hence not carried out.

Landsat data is publicly available and routinely used for analyzing temporal and
spatial variations in the environment. It takes 16 days for the satellite to make one set of data
for the complete surface of the Earth [14]. Although application of this publicly available
remote sensing data is common in fields such as urban land coverage and impervious
surface mapping, its use in critical infrastructure management and monitoring remains
rare. Previous research that has used open datasets includes bridge health monitoring [15]
and railway infrastructure management [16,17] using SAR and deformation monitoring of
dams using global navigation satellite systems [18,19]. The technique used in this study is
bases upon Google Earth Engine (GEE) platform, a free cloud-based platform consisting
of publicly available geospatial datasets, which is commonly used in the remote sensing
field [20–23].

One way to estimate the construction year of a bridge is by visual inspection of Landsat
images on a yearly basis; this is possible in the case of longer bridges (100 m or longer).
However, for shorter bridges (30 m or shorter), the limited image resolution makes it
difficult to visually detect the appearance of a bridge in the image. For these bridges,
therefore, a different estimation technique is required. About 25% of the total sunlight
falling on the Earth surface is reflected into the space. This reflected light is processed by
Landsat sensors to capture data such as images, wavelengths which can be later processed
to calculate indices and finally to study the characteristics of the reflecting surface.

The Normalized Difference Vegetation Index (NDVI) and Normalized Difference
Water Index (NDWI) are two such indices that can be used for the purpose of this research.
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Both indices are calculated from the reflected wavelengths data collected to study the earth
terrain surface property. NDVI represents the greenness of vegetation and can be used
to comprehensively quantify changes in plant density [24]. The vegetation index, NDVI,
ranges from −1 to 1 and can be used to classify the surface of earth into different categories
such as rocky, sandy, fertile, and vegetation based on its value. Various studies have used
NDVI to calculate fertile land, estimate Ulva prolifera, quantifying urban vegetation, etc.

On the other hand, NDWI is an indicator of water content in the reflecting surface such
as soil, vegetation, and water bodies [25,26]. An investigation that compared NDVI and
NDWI to estimate the water content of vegetation of corn and soybean fields concluded
that NDWI better estimated the water content [27]. Another study utilized the NDWI
index obtained from multispectral imagery to expose the standing water pools that assist
breeding of mosquitoes in order to reduce the risks of serious diseases for humans; the
results accurately predicted the locations of 78% of such pools of standing water [28].
Furthermore, NDWI was also chosen to analyze image from the Landsat Multispectral
Scanner System, Thematic Mapper, and Enhanced Thematic Mapper Plus for estimating
the different basin water areas in the Qingjiang River Basin, China [29]. A case study in
Bihar, India, adopted NDWI analysis to evaluate the lineament of the flood-prone areas
and the result clearly identify the effect of height on area downstream and upstream from
the Koa-river [30]. Other applications of NDWI include detecting offshore drilling rigs [31],
forest cover changes in Russia [32], monitor emerging archaeological sites in Iraq [33], and
development of automated flood monitoring system [34].

The vegetation index, NDVI, can identify the surface terrain of earth while water
index, NDWI, estimates the amount of water contents in the reflecting surface. Since the
surface of a bridge is hard and dry compared to surrounding area, both indices can be used
to identify the time of its existence. However, since most of the ridges are constructed over
water streams such as rivers and surrounding is usually wet specially during the rainy
season, NDWI is a better tool to distinguish the surface of a bridge from the wet and moist
surrounding areas. This study uses time mapping of NDWI values to recognize bridges in
Cambodia from their surroundings and thereby estimate the year of construction of those
bridges. The methodology developed for this purpose is validated in this study by using it
on bridges whose construction year is already known. For this purpose, the continuously
processed NDWI value is collected, plotted on against time, and analyzed at the location of
these known bridges.

As previously noted, long bridges are clearly visible in Landsat data as compared
to short bridges and the year of construction can be visually recognized on Landsat im-
ages. Hence, a categorization of Cambodian bridges into three lengths is used: long
bridges (length ≥ 100 m), medium bridges (20 m ≤ length < 100 m), and short bridges
(length < 20 m). Firstly, a simple image analysis is performed to visually identify the ap-
pearance of each bridge in the Landsat image data, and then a detailed comparison of
NDWI at the bridge location and its surroundings is performed. NDWI values at the
bridge location are anticipated to be similar to those of its surroundings before construction.
In contrast, the NDWI value at the bridge location is expected to clearly differ from the
surroundings after construction of the bridge due to the change in surface. The authors use
this method to estimate the year of construction of bridges where this data is not available.
Although Cambodia is the focus of this study, the method is expected to be applicable to
bridges all over the world.

2. Bridges in Cambodia

In Cambodia, there are 2439 bridges under the authority of the Road Infrastructure
Department (RID) of the Ministry of Public Works and Transport (MPWT). There is a lack
of critical information such as design drawings, as-built drawings, history of maintenance
and repair, and year of construction for several of these bridges. To collect this data during
the survey, inspectors used smart tablets to record all information about these bridges
available at the site. For example, some bridges have a nameplate giving the name of the
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constructor, length, and year of construction. In other cases, the engineer in the provincial
Department of Public Works and Transport was able to give information, while sometimes
local residents were asked about the probable year of construction. However, the recorded
year of construction can be wrong. For example, the year given on the nameplate might be
based on the contract between the client and the constructor, which might differ from the
actual date if the project was delayed or completed early. Records based on an engineer or
local people are approximate and cannot be fully trusted.

Following the analysis, it was concluded that for 1109 bridges, or about 46% of the
total (Figure 1a), the year of construction is unknown. Concrete bridges account for 80%
of the 2439 total (Figure 1b). After length categorization, it was observed that the ratio of
unknown to known bridges is comparatively higher for the short bridge category compared
to long and medium bridges (Figure 2a–c), indicating the need for systemic judgement over
visual judgement. The intention in this work was to select 100 bridges with known year of
construction to study from each category, but due to the limited number of long bridges
(only 61), a total of 261 bridges were studied (Figure 3).

Infrastructures 2023, 8, x FOR PEER REVIEW 4 of 19 
 

In Cambodia, there are 2439 bridges under the authority of the Road Infrastructure 
Department (RID) of the Ministry of Public Works and Transport (MPWT). There is a lack 
of critical information such as design drawings, as-built drawings, history of maintenance 
and repair, and year of construction for several of these bridges. To collect this data during 
the survey, inspectors used smart tablets to record all information about these bridges 
available at the site. For example, some bridges have a nameplate giving the name of the 
constructor, length, and year of construction. In other cases, the engineer in the provincial 
Department of Public Works and Transport was able to give information, while some-
times local residents were asked about the probable year of construction. However, the 
recorded year of construction can be wrong. For example, the year given on the nameplate 
might be based on the contract between the client and the constructor, which might differ 
from the actual date if the project was delayed or completed early. Records based on an 
engineer or local people are approximate and cannot be fully trusted. 

Following the analysis, it was concluded that for 1109 bridges, or about 46% of the 
total (Figure 1a), the year of construction is unknown. Concrete bridges account for 80% 
of the 2439 total (Figure 1b). After length categorization, it was observed that the ratio of 
unknown to known bridges is comparatively higher for the short bridge category com-
pared to long and medium bridges (Figure 2a–c), indicating the need for systemic judge-
ment over visual judgement. The intention in this work was to select 100 bridges with 
known year of construction to study from each category, but due to the limited number 
of long bridges (only 61), a total of 261 bridges were studied (Figure 3). 

 
 

(a) (b) 

Figure 1. (a) Age of existing bridges; (b) classification based on construction material. 

   
(a) (b) (c) 

Figure 2. The percentage of bridges with known and unknown year of construction: (a) long bridges 
(length ≥ 100 m), (b) medium bridges (20 m ≤ length < 100 m), and (c) short bridges (length < 20 m). 

Figure 1. (a) Age of existing bridges; (b) classification based on construction material.

Infrastructures 2023, 8, x FOR PEER REVIEW 4 of 19 
 

In Cambodia, there are 2439 bridges under the authority of the Road Infrastructure 
Department (RID) of the Ministry of Public Works and Transport (MPWT). There is a lack 
of critical information such as design drawings, as-built drawings, history of maintenance 
and repair, and year of construction for several of these bridges. To collect this data during 
the survey, inspectors used smart tablets to record all information about these bridges 
available at the site. For example, some bridges have a nameplate giving the name of the 
constructor, length, and year of construction. In other cases, the engineer in the provincial 
Department of Public Works and Transport was able to give information, while some-
times local residents were asked about the probable year of construction. However, the 
recorded year of construction can be wrong. For example, the year given on the nameplate 
might be based on the contract between the client and the constructor, which might differ 
from the actual date if the project was delayed or completed early. Records based on an 
engineer or local people are approximate and cannot be fully trusted. 

Following the analysis, it was concluded that for 1109 bridges, or about 46% of the 
total (Figure 1a), the year of construction is unknown. Concrete bridges account for 80% 
of the 2439 total (Figure 1b). After length categorization, it was observed that the ratio of 
unknown to known bridges is comparatively higher for the short bridge category com-
pared to long and medium bridges (Figure 2a–c), indicating the need for systemic judge-
ment over visual judgement. The intention in this work was to select 100 bridges with 
known year of construction to study from each category, but due to the limited number 
of long bridges (only 61), a total of 261 bridges were studied (Figure 3). 

 
 

(a) (b) 

Figure 1. (a) Age of existing bridges; (b) classification based on construction material. 

   
(a) (b) (c) 

Figure 2. The percentage of bridges with known and unknown year of construction: (a) long bridges 
(length ≥ 100 m), (b) medium bridges (20 m ≤ length < 100 m), and (c) short bridges (length < 20 m). 

Figure 2. The percentage of bridges with known and unknown year of construction: (a) long bridges
(length ≥ 100 m), (b) medium bridges (20 m ≤ length < 100 m), and (c) short bridges (length < 20 m).



Infrastructures 2023, 8, 77 5 of 19Infrastructures 2023, 8, x FOR PEER REVIEW 5 of 19 
 

 
Figure 3. Location of the 261 bridges selected for this study in Cambodia (short, medium and long 
bridges combined). 

3. Methodology 
3.1. Setting up of Measurement Points 

This study uses the Google Earth Engine (GEE) for the objective of estimating con-
struction year. A previously reported study used GEE as a platform for geospatially ana-
lyzing the world’s major areas with deforestation, flooding, drought, and farming prob-
lems [35]. The model used here involves the temporal segmentation of NDWI values from 
time-series Landsat data to indicate water bodies at a specific point. 

Initially, a simple manual image analysis is performed by exporting the year-by-year 
Landsat images of the target bridge location and visually identifying the appearance of 
the bridge on the image. To illustrate this process, the Sre Ambel bridge of length 420 m 
(a long bridge) is selected as shown in Figure 4. It can be observed that bridge was not 
present in 2006 but can be seen in the 2007 image. Hence, it can be concluded that con-
struction of the bridge took place during 2007. Similar images are shown for the Prek Kork 
bridge of length 72 m (a medium bridge) in Figure 5. From this figure it is clear that the 
year of construction cannot be visually estimated. This leads to the requirement for a 
methodology that works not only for long bridges, but also for medium and short bridges. 

 
Figure 4. Yearly Landsat images of the Sre Ambel (L = 420 m) bridge. The appearance of the bridge 
in the 2007 image indicates that the year of construction was 2007. 

Figure 3. Location of the 261 bridges selected for this study in Cambodia (short, medium and long
bridges combined).

3. Methodology
3.1. Setting up of Measurement Points

This study uses the Google Earth Engine (GEE) for the objective of estimating construc-
tion year. A previously reported study used GEE as a platform for geospatially analyzing
the world’s major areas with deforestation, flooding, drought, and farming problems [35].
The model used here involves the temporal segmentation of NDWI values from time-series
Landsat data to indicate water bodies at a specific point.

Initially, a simple manual image analysis is performed by exporting the year-by-year
Landsat images of the target bridge location and visually identifying the appearance of the
bridge on the image. To illustrate this process, the Sre Ambel bridge of length 420 m (a long
bridge) is selected as shown in Figure 4. It can be observed that bridge was not present
in 2006 but can be seen in the 2007 image. Hence, it can be concluded that construction
of the bridge took place during 2007. Similar images are shown for the Prek Kork bridge
of length 72 m (a medium bridge) in Figure 5. From this figure it is clear that the year of
construction cannot be visually estimated. This leads to the requirement for a methodology
that works not only for long bridges, but also for medium and short bridges.
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medium length bridge cannot be judged because of the poor image resolution.

Since visual identification is not possible for medium and short bridges, a new method-
ology using the NDWI values is proposed in this study. In this method, the values of NDWI
at a target point on the bridge and at control reference points are calculated and compared.
A sample of the Landsat satellite image data showing the location of a target bridge and
the reference points used in this study is shown in Figure 6, which also shows the grid size
of the data, which is 30 m × 30 m.
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The stepwise procedure for obtaining the reference points pertaining to a target bridge
is shown in Figure 7. The first step is to identify the bridge location, which is already
known from the bridge database. However, this location data is not accurate, and a more
precise location needs to be defined. Therefore, the second step is to locate the end points
of the existing bridge, as shown in Figure 6a. Consider the bridge as a line segment with
these end points, which are accurately obtained from Google Earth’s latest high-resolution
satellite data. The third step is then to determine the center point of the bridge line segment
based on these end points. This center point is referred to as the target bridge. The fourth
and final step is to determine the reference points. These are determined as two points lying
on a line perpendicular to the line segment and on opposite sides of the bridge as shown
in Figure 6b. A point to be noted here is that the grid size of Landsat data is 30 m × 30 m
and the NDWI value will be same anywhere in the grid. If the reference points are within
30 m of target bridge point, they may lie on the same pixel as target bridge point and index
value of both will be same. Hence, to keep the points distinctive and be able to identify
the difference in NDWI value between the bridge and the reference points, it is necessary
that the reference points be more than 30 m away from the target bridge. Based on this
reasoning, the distance of the reference points from the bridge center is set at 35 m. This
procedure is shown as a flow chart in Figure 7.

The NDWI index value, which is a function of green reflectance and near-infrared
(NIR) reflectance is defined using Equation (1) [15]:

NDWI = (Green − NIR)/(Green + NIR) (1)

Green reflectance has a wavelength range of 0.52–0.60 µm while NIR has a wavelength
of 0.76–0.90 µm. The plot in Figure 8a represents the NDWI values for the Sre Ambel
bridge (420 m long) over a number of years, with the NDWI of the target point plotted as
a red line. The reference point values of NDWI are also plotted (in blue), with the upper
value representing the reference point with the higher (maximum) index and the lower
representing the lower (minimum) index; the range between the minimum and maximum
NDWI values is shown as a blue shaded region. Variations in the NDWI value at reference
points occurs mainly due to environmental factors that vary over time such as clouds,
moisture condition, and vegetation variation. In the ideal case, if there is no construction
activity at the target point during a certain time period, the NDWI value at the target point
(red line) should lie within or very close to the NDWI range of the reference points (blue
shaded region) for that period. After construction of a bridge, the change in reflectivity
caused by the bridge deck should cause the NDWI value to suddenly change such that it
lies outside the reference region. Figure 8b plots the difference between the NDWI value
of the target point from that of the reference point value closer to the target point value.
Observation of Figure 8b indicates that the NDWI year of construction of the Sre Ambel
Bridge is 2008 even though the year predicted by visual analysis was 2007.
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3.2. Judgment Criteria for Year of Construction

It is clear from Figure 8 that variations in target point and reference point values are
not binary, but that changes in environmental conditions affect them. Thus, the trend line
shown in Figure 8b may not always show a clear alteration in the NDWI index. This means
that a judgement criterion is required to identify the year of construction of bridges using
this method. Therefore, the trend line is studied for a few more bridges.

As the first case, the NDWI plots for the An Daung Bridge are studied. This bridge
was thought to have been constructed in 2008. However, the NDWI index value of the
target bridge (red line) lies inside the blue shaded region in the year 2008 and only starts to
deviate in 2009, as shown in Figure 9, proving that the actual year of construction must
be 2009.
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Figure 9. (a) Variation in NDWI index value of the target bridge (point) and the reference points for
the An Daung Bridge; (b) re-visualization of (a) showing difference between NDWI value of target
and that of the closest reference point.

The same technique is applied to the TaAok Bridge. The NDWI index value at the
target bridge (red line) moves slightly outside the blue shaded region sometimes but always
comes back within the shaded region. In this case, the year of construction is estimated to
be within the period when the target value lies outside the blue shaded region continuously
for at least four years, as shown in Figure 10. Both, the previously existing value in database
and as estimated by this method, the year of construction for this bridge is 2006.
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3.3. Limitations of the Proposed Methodology

The lack of Landsat satellite data before 1988 for Cambodia is a limitation of this
method. Therefore, in cases where target bridge pre-dates the year 1988, estimation of
the year of construction may not be feasible. In these cases, there is a difference in NDWI
between the target and reference points throughout the time series of data, similar to the one
as shown in Figure 11. Another possible explanation for such a variation is the replacement
of old bridge by the construction of a new bridge. In these cases, the construction year of
new bridge cannot be estimated as the difference in NDWI between the target and reference
points will exist throughout the time. In both the above cases, this method estimates the
year of construction to be 1988, the earliest possible date. However, the year of construction
in the database for the Pot Drea bridge shown in Figure 11 is 2008. Thus, confirming the
existence of an older bridge at the same location as the reason for limitation in estimation.
Acknowledging these limitations, the NDWI index method is applied to the Cambodia
bridge dataset and the results are presented in the next section.
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3.4. Test Data

As mentioned earlier, the bridge data in this study is from the bridge database of
Cambodia. The objective of this study is to test the efficiency and applicability of the NDWI
index method. Therefore, the bridges selected for testing the application of the developed
methodology are those whose construction year is already known. The construction year
is first judged from the visual identification from satellite images and then the NDWI
index method is applied. Table 1 illustrates the number of bridges whereas Figure 12
illustrates the histogram plots for the number of bridges in different length bands in the
three categories.

Table 1. List of bridges used in this study.

Bridge Category No. of Bridges Length (m)

Long Bridge 61 (Bridges ≥ 100)
Medium Bridge 100 (100 > Bridges ≥ 20)

Short Bridge 100 (Bridges < 20)
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Figure 12. A histogram of the length of bridges in each category.

4. Results
4.1. Long Bridges

A total of 61 long bridges were examined in this study. Detailed results for three se-
lected bridges are discussed in this chapter. First is the Tra Peang Roung bridge (L = 480 m)
which is not visible in the 2006 and 2007 satellite images but appears in images from the
year 2008. Thus, visual inspection determines the year of construction as 2008 (Figure 13).
Additionally, until the year 2008 the NDWI value of the target bridge matches that of the
reference points, but thereafter the value diverges from the reference points (Figure 14).
This change in NDWI value after the year 2008 can be attributed to construction of the
bridge in 2008.
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Figure 14. (a) Deviation of NDWI value from reference points (blue shaded region) for the Tra
Peang Roung bridge; (b) re-visualization of (a) showing the NDWI difference, showing that it was
constructed in 2008.

Second is the case of the Kom Pong Bay bridge (L = 240 m). These results are similar to
those above. Satellite images from 2005 to 2007 show that the bridge appears after the year
2007, so visual inspection confirms the year of construction as 2007 (Figure 15). The NDWI
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comparison shows that the index value at the target (red line) sometimes falls slightly
outside the blue shaded region until 2007. Then, from 2007 the red line separates from the
blue shaded region, showing either the presence of some material covering the bridge or
confirming bridge construction (Figure 16).
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Lastly, in the case of the Prey Bang bridge (L = 100 m), visual identification was not
possible using satellite images due to the poor quality of the images (Figure 17). The NDWI
comparison shows a deviation between the target (red line) and reference points (blue
shaded region) over the whole time period. This probably means that a new bridge was
constructed at the same location as an older bridge (Figure 18).
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Figure 17. Satellite images of Prey Bang bridge; low image quality means the year of construction
cannot be judged.

To validate the results of the NDWI method, the NDWI estimated year of construction
for the 61 long-span bridges is plotted against the known year of construction from the
Cambodian bridge database in Figure 19. The red line represents a linear relationship
between the estimated construction year and the real one, the data points on red lines imply
the exact estimation, the deviation from red line implying the estimation deviation with
construction year in database. It can be observed that the year of construction could be
estimated for 32 of the bridges, but no estimate was possible for the remaining 29 bridges.
Points on the plot that fall on the regression (red) line represent bridges where the NDWI
year of construction matches that is obtained from the database. The coefficient of determi-
nation (R2) value for this regression line is 0.3149, and the average difference in estimated
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year of construction is about 1.78 years, so it can be concluded that the results given by the
NDWI index method are accurate (Figure 19).
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Figure 18. (a) NDWI results for Prey Bang bridge, from which 1988 is estimated as the year of
construction because the NDWI values differ from the beginning (as explained in Section 3.2); (b) re-
visualization of (a) showing the NDWI difference; no clear change is apparent.
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4.2. Medium Bridges

A total of 100 medium bridges were studied and detailed results for three of them are
presented in this section. Figure 20 shows satellite images of Thnol Dach bridge (L = 84 m),
from which it is very difficult to identify the bridge and estimate its year of construction.
However, even though the NDWI results (Figure 21) are a little complex to read, the year
of construction can be estimated from them as 2010. In the period 2002 to 2006, the target
bridge NDWI (red line) moves slightly out of the blue shaded region many times but
always comes back into the region. However, these deviations arise only from December to
January, which is the dry season in Cambodia. During the dry season, the water stream
under bridge dries and patches of land become visible. This produces a slight deviation
of NDWI value at target bridge and reference points during this season. Considering this,
during this period, the bridge was absent between 2002 and 2006. From 2010, the target
NDWI value starts actually deviating without the difference returning to zero, so this can
be read as the year of construction.
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Figure 21. (a) NDWI results for the Thnol Dach bridge from which it is estimated that the bridge
was constructed in 2010; (b) re-visualization of (a) showing the NDWI difference; a clear change
is apparent.

The second case is Prek Ah Teang bridge (L = 36 m). The results are similar to those of
the above bridge. The satellite images are unclear, and the bridge cannot be identified from
them (Figure 22). In contrast, the NDWI results show that from 2000 to 2003 the red line lies
within the blue shaded area whereas from the end of 2003 it almost always lies outside the
blue shaded area, indicating that a bridge has been constructed at that location (Figure 23).
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(b) re-visualization of (a) showing the NDWI difference; a clear change is apparent.
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In the third case of O Thnol 3 bridge (L = 20 m), the bridge could not be recognized
in the satellite images, so again a visual estimate of year of construction was not possible
(Figure 24) using the images. However, the NDWI results show that the target bridge
NDWI (red line) and the reference points (blue shaded region) differ from beginning to end.
This is because a new bridge was reconstructed on the site of an older bridge (Figure 25).

Infrastructures 2023, 8, x FOR PEER REVIEW 14 of 19 
 

In the third case of O Thnol 3 bridge (L = 20 m), the bridge could not be recognized 
in the satellite images, so again a visual estimate of year of construction was not possible 
(Figure 24) using the images. However, the NDWI results show that the target bridge 
NDWI (red line) and the reference points (blue shaded region) differ from beginning to 
end. This is because a new bridge was reconstructed on the site of an older bridge (Figure 
25). 

 
Figure 24. Satellite images of the O Thnol 3 bridge from which the year of construction cannot be 
judged. 

(a) (b) 

Figure 25. (a) NDWI results for the O Thnol 3 bridge from which it is estimated that the bridge was 
constructed in 1988 because there is an NDWI difference from the beginning of the analysis; (b) re-
visualization of (a) showing the NDWI difference from 1988. 

Figure 26 summarizes the year of construction for all the medium bridges. Out of the 
100 medium bridges studied, the year could be estimated for 47 but was not possible for 
the remaining 53. The regression line represents agreement between the actual year of 
construction and the estimated one. The difference between commencement of construc-
tion and completion of the bridge (i.e., the construction period) may explain small devia-
tions from this line. The value of coefficient of determination (R2) for the 47 bridges is 
0.3951, and the average deviation from the red line is −3.59 years with the minus sign 
meaning that the estimated year of construction falls before the actual year of construc-
tion. 

Figure 24. Satellite images of the O Thnol 3 bridge from which the year of construction cannot
be judged.

Infrastructures 2023, 8, x FOR PEER REVIEW 14 of 19 
 

In the third case of O Thnol 3 bridge (L = 20 m), the bridge could not be recognized 
in the satellite images, so again a visual estimate of year of construction was not possible 
(Figure 24) using the images. However, the NDWI results show that the target bridge 
NDWI (red line) and the reference points (blue shaded region) differ from beginning to 
end. This is because a new bridge was reconstructed on the site of an older bridge (Figure 
25). 

 
Figure 24. Satellite images of the O Thnol 3 bridge from which the year of construction cannot be 
judged. 

(a) (b) 

Figure 25. (a) NDWI results for the O Thnol 3 bridge from which it is estimated that the bridge was 
constructed in 1988 because there is an NDWI difference from the beginning of the analysis; (b) re-
visualization of (a) showing the NDWI difference from 1988. 

Figure 26 summarizes the year of construction for all the medium bridges. Out of the 
100 medium bridges studied, the year could be estimated for 47 but was not possible for 
the remaining 53. The regression line represents agreement between the actual year of 
construction and the estimated one. The difference between commencement of construc-
tion and completion of the bridge (i.e., the construction period) may explain small devia-
tions from this line. The value of coefficient of determination (R2) for the 47 bridges is 
0.3951, and the average deviation from the red line is −3.59 years with the minus sign 
meaning that the estimated year of construction falls before the actual year of construc-
tion. 

Figure 25. (a) NDWI results for the O Thnol 3 bridge from which it is estimated that the bridge
was constructed in 1988 because there is an NDWI difference from the beginning of the analysis;
(b) re-visualization of (a) showing the NDWI difference from 1988.

Figure 26 summarizes the year of construction for all the medium bridges. Out of
the 100 medium bridges studied, the year could be estimated for 47 but was not possible
for the remaining 53. The regression line represents agreement between the actual year of
construction and the estimated one. The difference between commencement of construction
and completion of the bridge (i.e., the construction period) may explain small deviations
from this line. The value of coefficient of determination (R2) for the 47 bridges is 0.3951,
and the average deviation from the red line is −3.59 years with the minus sign meaning
that the estimated year of construction falls before the actual year of construction.

4.3. Short Bridges

This study estimates the year of construction for 100 short bridges. The results for
three of them are explained in detail in this section. The satellite images of the first case, the
Otaki bridge (L = 12 m), are shown in Figure 27 and the NDWI analysis results in Figure 28.
It is clear that visual estimation is not possible from the satellite images due to the very low
image resolution (30 m × 30 m) compared to size of bridge. However, from Figure 28a,
it can be observed that the NDWI value for the target bridge moves slightly outside the
shaded blue reference region many times but always comes back except in the year 2005,
when the red line clearly deviates from the blue shaded region. The presence of the bridge
deck at the target point after 2005 is a possible explanation of this behavior.



Infrastructures 2023, 8, 77 15 of 19Infrastructures 2023, 8, x FOR PEER REVIEW 15 of 19 
 

 
Figure 26. Comparison of the database and estimated years of construction of the 100 medium 
bridges. The plotted points are not very far from the red line, which indicates good accuracy. 

4.3. Short Bridges 
This study estimates the year of construction for 100 short bridges. The results for 

three of them are explained in detail in this section. The satellite images of the first case, 
the Otaki bridge (L = 12 m), are shown in Figure 27 and the NDWI analysis results in 
Figure 28. It is clear that visual estimation is not possible from the satellite images due to 
the very low image resolution (30 m × 30 m) compared to size of bridge. However, from 
Figure 28a, it can be observed that the NDWI value for the target bridge moves slightly 
outside the shaded blue reference region many times but always comes back except in the 
year 2005, when the red line clearly deviates from the blue shaded region. The presence 
of the bridge deck at the target point after 2005 is a possible explanation of this behavior. 

 
Figure 27. Satellite images of Otaki bridge from which the year of construction cannot be judged. 

  
(a) (b) 

Figure 28. (a) NDWI results for the O Ta Ki bridges, from which the year of construction is estimated 
to be 2005; (b) re-visualization of (a) showing a sudden NDWI deviation in 2005. 

Figure 26. Comparison of the database and estimated years of construction of the 100 medium
bridges. The plotted points are not very far from the red line, which indicates good accuracy.

Infrastructures 2023, 8, x FOR PEER REVIEW 15 of 19 
 

 
Figure 26. Comparison of the database and estimated years of construction of the 100 medium 
bridges. The plotted points are not very far from the red line, which indicates good accuracy. 

4.3. Short Bridges 
This study estimates the year of construction for 100 short bridges. The results for 

three of them are explained in detail in this section. The satellite images of the first case, 
the Otaki bridge (L = 12 m), are shown in Figure 27 and the NDWI analysis results in 
Figure 28. It is clear that visual estimation is not possible from the satellite images due to 
the very low image resolution (30 m × 30 m) compared to size of bridge. However, from 
Figure 28a, it can be observed that the NDWI value for the target bridge moves slightly 
outside the shaded blue reference region many times but always comes back except in the 
year 2005, when the red line clearly deviates from the blue shaded region. The presence 
of the bridge deck at the target point after 2005 is a possible explanation of this behavior. 

 
Figure 27. Satellite images of Otaki bridge from which the year of construction cannot be judged. 

  
(a) (b) 

Figure 28. (a) NDWI results for the O Ta Ki bridges, from which the year of construction is estimated 
to be 2005; (b) re-visualization of (a) showing a sudden NDWI deviation in 2005. 

Figure 27. Satellite images of Otaki bridge from which the year of construction cannot be judged.

Infrastructures 2023, 8, x FOR PEER REVIEW 15 of 19 
 

 
Figure 26. Comparison of the database and estimated years of construction of the 100 medium 
bridges. The plotted points are not very far from the red line, which indicates good accuracy. 

4.3. Short Bridges 
This study estimates the year of construction for 100 short bridges. The results for 

three of them are explained in detail in this section. The satellite images of the first case, 
the Otaki bridge (L = 12 m), are shown in Figure 27 and the NDWI analysis results in 
Figure 28. It is clear that visual estimation is not possible from the satellite images due to 
the very low image resolution (30 m × 30 m) compared to size of bridge. However, from 
Figure 28a, it can be observed that the NDWI value for the target bridge moves slightly 
outside the shaded blue reference region many times but always comes back except in the 
year 2005, when the red line clearly deviates from the blue shaded region. The presence 
of the bridge deck at the target point after 2005 is a possible explanation of this behavior. 

 
Figure 27. Satellite images of Otaki bridge from which the year of construction cannot be judged. 

  
(a) (b) 

Figure 28. (a) NDWI results for the O Ta Ki bridges, from which the year of construction is estimated 
to be 2005; (b) re-visualization of (a) showing a sudden NDWI deviation in 2005. 

Figure 28. (a) NDWI results for the O Ta Ki bridges, from which the year of construction is estimated
to be 2005; (b) re-visualization of (a) showing a sudden NDWI deviation in 2005.

The second case is the Poum Krouch bridge (L = 12 m) whose results are similar to
the previous bridge. The satellite image is not clear, and the bridge cannot be identified
(Figure 29). In contrast, the NDWI results clearly allow the year of construction to be
estimated as 2014, because the red line remains permanently outside the blue shaded region
after 2014 (Figure 30).
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year of construction of 1993, which is when the red line moves permanently outside the
blue shaded region (Figure 32).
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The results for all the short bridges are summarized in Figure 33, which shows that
the year of construction could be estimated for 62 bridges but was not possible for the
remaining 38. The value of coefficient of determination (R2) for the 62 bridges is 0.4095 and
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the average deviation of these bridges from the red line is 1.43 years. Hence, it can be said
that the accuracy is similar to that of the long bridges since the coefficient of determination
is similar.
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5. Conclusions

The achievement of this study is to formulate two new methods for estimating the
year of construction of a bridge for which it is unknown or uncertain. The first is based
on its visual appearance on satellite images, but because of satellite image resolution it is
suitable only for estimating long bridges. The NDWI method is new and innovative that
allows estimation for shorter bridges too.

The proposed method was applied to bridges In Cambodia. Even in cases where
medium length and short bridges cannot be estimated visually from the satellite images, an
estimated year of construction could be obtained with NDWI method and the coefficient
of determination (R2) was similar for long bridges (0.3149), medium bridges (0.3951), and
short bridges (0.4095) indicating the similar accuracy. The average deviation of estimated
year is 1.78, 3.59, and 1.43 years for long, medium, and short bridges, respectively, indicating
a better estimation for shorter bridges than medium bridges.

Additionally, the gap in estimated and database construction year illustrated by
dispersed data points in Figures 19, 26 and 33 can be explained by the fact that the planned
construction year is recorded in database, which might not be the actual construction year
due to delays in construction.

Hence, the year of construction of the bridge could be estimated. The results where
the estimated year of construction is 1988 could mean two things: either the bridge was
constructed before 1988 and due to limitations of the Landsat dataset the year cannot be
estimated, or the bridge was upgraded, with a new bridge replacing an older bridge at the
same location. This method is shown to be capable of estimating the year if the bridge is
constructed in a new location, but a limitation is an inability to derive an estimate if an
older bridge is rebuilt or replaced in the same location.

Considering future directions for this study, a mathematical criterion can be developed
that is used to automatically judge the construction year of bridge from the NDWI plot.
The application of latest technology such as Machine Learning for this auto estimation
technique could also be explored in future where the system is trained with some part
of available data and then tested on the remaining data. The analysis of gap between
estimated and database construction year is also one of the future scopes of this study.
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