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Abstract 
 

Remote sensing is the collection and interpretation of information of an object, area 

or phenomenon by a recording device that is not in physical or intimate contact with 

the object or phenomenon under study. It generally refers to the use of satellite borne 

or airborne sensors to capture the spectral and spatial relations of objects and 

materials on Earth from the space. This is done by sensing and recording reflected 

or emitted electromagnetic radiation from the objects. A brief history of satellite 

remote sensing is given in this review but the bulk of it is devoted to the scientific 

satellites launched into orbit and their sensors tracking, and presenting changes in 

water resources fields. The used technologies and satellite systems for monitoring 

movements and changes include American GNSS, GPS, the Russian GLONASS, 

Europeôs European Satellite Navigation System (GALILEO), Chinaôs 

COMPASS/BeiDou, the Indian (IRNSS); Japanôs (QZSS) and many others. Details 

are presented on the present (LANDSAT), the Moderate Resolution Imaging 

Spectroradiometer (MODIS), as well as Synthetic Aperture Radar (SAR), and 

RADARSAT, JERS 1, and ERS, which are developed by various countries, 

especially the USA. These sensors have the refined capability of providing 

estimates of variables, which depending on the purpose and design of the sensor, 

can follow critical issues related to water management problems. This review 

presents examples of actual studies carried out including; building databases of 

small dams and lakes on regional scale, derivation of volume vs. elevation and 

surface area vs. elevation of hundreds of reservoirs around the world, various 
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bathymetric reservoir surveys, siltation of reservoirs and catchment areas erosion 

problems, monitoring of water quality changes, and above all monitoring dam 

deformation and stability problems of dams. The presented case studies cover the 

use of these different sensor together with the imagery used, their sources, methods 

of interpretation, validation and gives presentation of the end results. This review, 

which is only a very brief presentation of satellite remote sensing applications 

concludes that; in spite of the large volume of research done on this subject so far, 

which this review cites some of them , the expected future developments in satellite 

remote sensing technology coupled with advances in algorithms and models used 

in refining satellite imagery and validating the results will bring more accurate 

results and less laborious treatment work in addition to wider scope of applications. 

 

Keywords: Remote sensing, satellites, sensors, electromagnetic radiation, GNSS, 

GPS, GLONASS, GALILEO, COMPASS/BeiDou, IRNSS, QZSS LANDSAT, 

MODIS, SAR, RADARSAT, JERS 1, ERS, bathymetric surveys, siltation of 

reservoirs, erosion, water quality, dam deformation. 

 

1. General 

Remote sensing is the collection and interpretation of information of an object or an 

area without being in physical contact with it. It involves the use of instruments or 

sensors to "capture" the spectral and spatial relations of targets observable at a 

distance from the space and analyzing and applying that information. The process 

involves the elements of energy source, radiation and the atmosphere, interaction 

with the target, recording energy by the sensors, transmission, reception, and 

processing, interpretation and analysis, finally the Application. So remote sensing 

provides a bird's eye view of much larger extent by looking down from above. The 

total area encompassed is considerably enlarged when looking downward from, say, 

a tall building or a mountain top. This increases even more from an airliner cruising 

above 10,000 meters. From a vertical or high oblique perspective, the obtained 

impression of the surface below is notably different than when observing the 

surroundings from a point on the surface [1]. In this information era, the trend is of 

remote sensing is to use new technologies for automation of monitoring important 

engineering undertakings or natural hazard such as dams, reservoir water level 

fluctuations and landslides [2]. This is especially important when it comes to 

accurately monitor absolute (3D) movements of a dam for example. In many cases, 

dam movement is measured by means of plumb lines, inclinometers or tiltmeters, 

and manual geodetic surveying techniques. Automation can be done here by using 

advanced instruments and means, and from that an absolute displacement can be 

estimated and recorded. There are even now many emerging technologies like 

robotized total stations, ground based radar, etc. which rely on very expensive and 

delicate equipment to be installed on site and subject to vandalism. The problem is 

even worse when it is required to monitoring slopes, abutments and landslides. The 

inaccessibility of some sites makes the task a huge challenge [3]. 
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Satellite technologies, however, can provide tools to accurately monitor movements 

and changes without the need of expensive equipment on the ground. One example 

of such technology is the Global Navigation Satellite System (GNSS) which refers 

to a constellation of satellites providing signals from space that transmit positioning 

and timing data to GNSS receivers. The receivers then use this data to determine 

location and more detail information. 

At present GNSS include many fully operational global systems; namely the United 

Statesô Global Positioning System (GPS) which became fully operational in 1993, 

and the Russian Federationôs Global Navigation Satellite System (GLONASS) 

which was completed in 1995 and rejuvenated afterwards to be one of the most 

expensive projects in Russiaôs Space program budget in 2010 [4].  

Other system went into orbit later on namely Europeôs European Satellite 

Navigation System (GALILEO) which went alive in (2016), and Chinaôs 

(COMPASS/BeiDou), the North Star, which its last satellite was launched on June 

23rd 2020, marking the completion of the deployment of Chinaôs own global 

navigation system. This satellite, the 55th in the family of BeiDou that means ñBig 

Dipperò in Chinese, was successfully sent into the preset orbit by a Long March-3B 

carrier rocket, according to the launch center [5]. Then Indiaôs Regional Navigation 

Satellite System (IRNSS); which was completed in 2016 [6], and Japanôs Quasi-

Zenith Satellite System (QZSS) which had 18 satellites in operation by 2018 to be 

increased to 38 by 2024 [7]. 

Once all these global and regional systems become fully operational, the user will 

have access to positioning, navigation and timing signals from more than 100 

satellites [8]. 

The second technology other than the GNSS which has been in wide use is the 

(Interferometric synthetic aperture radar: InSAR). This is a geodetic technique that 

can identify movements of the Earth's surface. Observations of surface movement 

made using InSAR can be used to detect, measure, and monitor crustal changes 

associated with geophysical processes such as tectonic activity, earthquakes, 

landslides and volcanic eruptions. When combined with ground-based geodetic 

monitoring, such as Global Navigation Satellite Systems, InSAR can identify 

surface. The technique can potentially measure millimeter-scale changes in 

deformation over spans of days to years. in particular monitoring of subsidence and 

structural stability [9]. Also, it's very important techniques for generating Digital 

Elevation Model (DEM) by using the Interferometric Phenomenon.  

GNSS and InSAR are two different approaches that can provide tools to accurately 

monitor movements and changes without the need of expensive equipment on the 

ground, they complement each other to get a robust and complete solution. GNSS 

can provide fully automated motion monitoring in (3D) and real-time to a millimeter 

level accuracy for a discrete number of points by means of affordable GNSS 

receivers on the ground. InSAR on the contrary, provides infrequent, near vertical 

movements of a large number of points over a wide area also to millimeter-level 

accuracy without any equipment on the ground. Together, a comprehensive 

reservoir motion monitoring can be achieved. The radically two different approach 
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provide robustness to the system to better comprehend the behavior of the dam- 

reservoir system [10]. 

Remote sensing has become now a major technological and scientific tool used to 

monitor planetary surfaces and atmospheres. In fact, from a dollar-based measuring 

stick, the expenditures on observing Earth and other planets has since the earliest 

days of the space program now exceeded $150 billion. Much of this money has been 

directed towards practical applications, largely focused on environmental and 

natural resource management. 

 

2. Historical Development of Remote Sensing 

Remote sensing began in the 1840s as balloonists took pictures of the ground using 

the newly invented photo-cameras [11]. In the early 20th century remote sensing 

images were captured using kites and even by pigeons carrying small light weight 

cameras attached to these birds, and photos were automatically taken for military 

aerial reconnaissance using a timing mechanism. In 1906 professional photographer 

George Lawrence used a string of kites to raise a 49 pound camera 1000 feet in the 

air to capture the devastation of the earthquake in San Francisco. The steel kite line 

carried an electric current to remotely trigger the shutter. The famous photograph 

ñSan Francisco in Ruinsò was taken 6 weeks after the earthquake and subsequent 

fires in San Francisco Figure 1 [12]. 

Figure 1: ñSan Francisco in Ruinsò (by George Lawrence, 1906) [12]. 

Aerial photography became a valuable reconnaissance tool during the first world 

war and came fully into its own during the second world war [12, 13]. It was used 

for espionage in the (U2) flights program during the Cold War era, which was 

started in 1956 and came to an end on 1st May 1960 when a (U2) plane flown by 

Francis Gary Powers was shot down by (SAM) missile over Russia. 

Use of aerial photography to produce maps in much faster and cheaper way 
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compared to traditional ground surveys was used in the United States for farm 

programs beginning in the 1930s with the passing of the Agricultural Adjustment 

Act. The Agricultural Adjustment Administration (AAA) began its aerial 

photography program in 1937 and by 1941 the (AAA) has flown and acquired aerial 

photographs of more than 90% of the agricultural land in the US.  

The development of satellite based remote sensing began with the (Space Race) by 

launching the first world satellite (Sputnik 1) in 1957 by the Soviet Union, followed 

by the United States in 1960 with the successful launch of (Explorer1). In 1972 

(Landsat 1), the first earth resource satellite was launched by the US. The main goal 

of the (Landsat) program was to collect data from the Earth through remote sensing 

techniques. Landsat 1 was originally named (Earth Resources Technology Satellite 

1). The Landsat program has continued for 45 years with (Landsat 8) launched in 

2013 and with (Landsat 9) expected to be in orbit in mid-2021.  

Since the launch of (Sputnik 1) thousands of satellites have been launched. There 

are great number of commercial and governments satellites in operation today, 

many of which are used for remote sensing applications. There are currently over 

3,600 satellite orbiting the Earth, but only approximately 1,400 are operational. Of 

these satellites, there is well over 100 which are earth observing satellites that carry 

variety of different sensors to measure and capture data about the Earth. These 

satellites are often launched by governments to monitor Earth's resources, but 

private commercial companies are becoming increasingly active in launching earth 

observing satellites as well. 

Seasat was the first satellite designed for remote sensing of the Earth's oceans with 

synthetic aperture radar (SAR) which was launched on 27th June 1978 [14].  

On the 35th anniversary of (Seasat's) launch, the Alaska Satellite Facility (USA) 

released newly digitized Seasat synthetic aperture radar (SAR) imagery [15].  

Until this release (Seasat SAR) data were archived on magnetic tapes, and images 

processed from the tapes were available only as optical images of film strips or 

scanned digital images. Neither the tapes nor the films allow the quantitative 

analysis possible with the new digital archives. With the great improvements in 

computer-based processing, especially now, the ability of personal computers to 

handle large amounts of remote sensing data has made satellite and manned 

platform observations accessible to universities, resources-responsible agencies, 

small environmental companies, and even individuals. 

Application of remote sensing in the field of water resources has become nowadays 

one of the principle tools in following and solving problems of water quality, runoff 

and hydrological modeling, flood management, watershed management, drought 

management, irrigation command area management, snow cover and glaciers, 

groundwater studies [16, 17, 18] in addition to solving problems of transboundary 

reservoir systems monitoring and dam safety monitoring [19]. The need to develop 

monitoring systems that can map changing land use, search for and protect natural 

resources, and track interactions among the biosphere, atmosphere, hydrosphere, 

and geosphere has become a paramount concern to managers, politicians, and the 

general citizenry in both developed and developing nations. 
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3. General Principles of Satellite Remote Sensing 

There two types of remote sensing imaging systems: 
i. Passive remote sensors 

Which gather radiation that is emitted or reflected by the object or surrounding areas. 

Reflected sunlight is the most common source of radiation measured by passive 

sensors and microwaves emissions is another one. 

Examples of passive remote sensors include film photography, infrared charge-

coupled devices, and radiometers that whereby the radiant energy is converted to 

bio-geophysical quantities such as temperature, precipitation, soil moisture, 

chlorophyll etc.  

These sensors can be:  

First:  the passive microwave sensor (TMI) designed to provide quantitative rainfall 

information over a wide swath under the Tropical Rainfall Measuring Mission 

(TRMM) satellite by carefully measuring the minute amounts of microwave energy 

emitted by the Earth and its atmosphere. TMI is able to quantify the water vapor, 

the cloud water, and the rainfall intensity in the atmosphere. It is a relatively small 

instrument that consumes little power. This combined with the wide swath and the 

good quantitative information regarding rainfall make TMI the "workhorse" of the 

rain-measuring package on Tropical Rainfall Measuring Mission [20], and;  

Second: the Moderate Resolution Imaging Spectroradiometer (MODIS) that was 

launched into orbit by NASA in 1999 on board the Terra satellite, and in 2002 on 

board the Aqua (EOS PM) satellite. They are designed to provide measurements in 

large-scale global dynamics including changes in Earth's cloud cover, radiation 

budget and processes occurring in the oceans, on land, and in the lower atmosphere, 

and they have been used in monitoring of large dams reservoirs storage. 
ii. Active remote sensors  

Active sensors create their own electromagnetic energy that is transmitted from the 

sensor towards the targets, interacts with the targets producing a backscatter of 

energy and is recorded by the remote sensor's receivers. 

RADAR, LiDAR and LADAR are examples of active remote sensing where the 

time delay between emission and return is measured, establishing the location, 

speed and direction of an object [21]. In both LiDAR and LADAR, remote sensing 

is achieved by illuminating the target with laser light and measuring the reflection. 

Differences in laser return times and wavelengths can then be used to make digital 

(3-D) representations of the target [22]. LiDAR stands for Light Detection and 

Ranging and (LADAR)is abbreviated from; Laser Detection and Ranging. They are 

both acronyms that represent one type of remote sensing technology that can 

determine the distance between a sensor and an object. Coupled with the known 

location of the sensor, the range information can be used to produce a highly 

detailed 3-dimensional map of the object [23]. The Principles of passive microwave 

sensor and  active remote sensors performances are illustrated in Figure 2.  
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Figure 2: Passive and active sensors systems working principles [24]. 

In the passive remote sensing systems, the sensor itself is composed of several 

radiation detectors. Assembling a set of radiation detectors with different 

wavelength band sensitivity and adding the necessary hardware will result in a 

multispectral sensor. The recording of image generating data by multispectral 

sensors is often performed by multispectral scanning. A set of sequential scan lines 

will eventually build an image, Figure 3 [25]. 

The smallest element to be detected by a sensor is called the geometric resolution 

of the system. The detector will measure the average reflection in a selected 

wavelength band. The result will be recorded as an image element on the scan line 

called a pixel. the pixel size that is cited, e.g. 80 m pixel size means that the smallest 

image element records the average reflection from an area of 80 by 80 m i.e. 6400 

m2. 
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Figure 3: The chain of satellite data acquisition. The scanning device records 

data, pixel by pixel, along a scan line. Assembling the scan lines gives an 

image. The radiation is recorded in grey levels, most satellite sensors have an 

8-bit resolution that permits 256 levels [25]. 

In cases of detecting, for example, a dry water course passing through an irrigated 

agriculture area. The reflectance from the river will differ very much from the 

surroundings since it lacks vegetation and has a bed of coarse sand and gravels with 

a high reflectance. The radiation detector will take an average reading from every 

pixel in the area. Pixels containing only irrigated fields will have a low reflection 

and appear dark on an image. Although the river is only 20 m wide it will 

significantly influence the average reading of the reflectance from all pixels it 

passes through. This will render these pixels brighter than the surroundings and on 

an image a series of pixels, following the river bed will get significantly different 

radiation readings, making the river appearing as a line on the image [25, 26, 27]. 

To summarize a satellite (sensor) image is built by pixels which are the smallest 

element in the image. A number of pixels are forming a line (scan line), recorded 

perpendicular to the flight direction of the sensor platform. When arranged properly 

using dedicated software the lines form an image. 
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The basic information on satellite remote sensing given in the preceding pages are 

meant to guide the unspecialized reader in following the various applications in: 

First:  fields of civil engineering projects in the stages of: 

i. Reconnaissance.  

ii.  PreliminaryPlanning/Feasibility.  

iii.  Design.  

iv. Construction.  

v. Post construction/maintenance.                  .                                                                                                        

The potential role of remote sensing at each stage will vary from project to project, 

but the following sections indicate some of the possible uses of the techniques [28], 

and;                                                                                                    

Second: water resources management where such applications have already been 

used successfully in observing flooding conditions and recording water level 

fluctuation in rivers and reservoirs, following reservoirs surface area variations, 

estimation of reservoirs storage and reservoirs siltation in addition to ascertain 

current dams and landslides stability conditions. 

 

4. Dams and Reservoir Site Selection using Satellite Remote 

Sensing 
Dams and reservoirs site selection may be done in various ways, but most of the 

traditional methods are costly and time consuming. Advances in remote space 

technologies, however, can be utilized to make optimum use of time and cost. 

Satellite Remote Sensing provides imaging technology for updating of available 

maps and information in real time frame as well as collecting data of land use and 

Landover. A well-selected site may give the optimum benefits with minimum 

problems related to its performance and its impacts on the environment. In many 

recent cases these methods have been supported by use of the Geographical 

Information System (GIS) which is computer based system  that  handles the 

attribute data as well as spatial data since geographical information is an important 

characteristic. Use of GIS in many such studies is considered as a decision support 

system regarding optimal site selection. Remote sensing methods may provide basic 

data required for the GIS to build geodatabase and make decisions by using the 

appropriate available software.  

As a demonstration of using such methods it is worth referring to one case study  

describing the process of selecting potential dams/reservoirs for the water supply of 

Karachi in Pakistan which was published in 2010 [29].  

The first step was to determine site selection criteria which were to be considered 

as constraints in this procedure. Identification and justification for each of them was 

given by: 
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i. Sites should not be in the vicinity of densely populated areas due to safety 

considerations.  

ii.  Sites must have water accumulating topography to form reservoirs.  

iii.  General slope of the area shall be gentle and not exceeding 11° to avoid 

slope failure for environmental considerations. 

iv. Having enough water source (run off and rainfall) for satisfying the 

projected demand. 

The required layers of data necessary for the (GIS) use were obtained by using 

combination of both traditional methods and by utilizing acquired remote sensing 

data. In this way it was possible to create and convert one information layer for each 

of the constraints data sets mentioned above by using (ArcGIS) software [30].                                                                                                                                                           

Information layers for constraints (i) to (iii) were produced from two satellite data 

sources; the first source was (SPOT-5), which is one of the earth observation 

satellites (Passive System) in the program developed by the French space agency in 

the 1970s in association with SSTC from Belgium and SNSB from Sweden [31]. 

The second source was Shuttle Radar Topographic Mission (SRTM) dated 2004. 

STRM)is a NASA mission initiated in 2000 to obtain elevation data for most parts 

of the world, and it is the current dataset of choice for digital elevation model (DEM) 

data since it has a fairly high resolution (1 arc-second, or around 30 meters), and it 

has near-global coverage (from 56°S to 60°N), which is available in the public 

domain [32]. Finally, the rainfall data needed for (iv) and required for the study 

were obtained from available (1989-2000) local records. Summary of the criteria, 

the required data, and their sources is shown in Table 1. 

 
Table 1: Site selection criteria, required data and their sources 

Criteria  Data Source 

i.  Settlements Satellite images (Spot 5) 

ii.  Elevation/ 

Topography 

Satellite images (STRM) 

iii.  Rainfall Precipitation records 

iv.  Drainage network Satellite images (STRM)/ 

Satellite images (Spot 5) 

 

Although this methodology makes the decision making process more objective, 

there is still an element of subjectivity which originates from the planner own 

experience and judgment. In this case selection of the more promising sites was 

done by allocation weights to each of the criteria and screening the result in a 

procedure described in the study. This procedure allows flexibility to be 

incorporated as varying degrees of importance are assigned to each criterion based 
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on the plannerôs experience. The final decision was left to the relevant department 

which is the final decision maker. It is recognized that social, political and budgetary 

constraints could produce an alternative other than the best alternative obtained by 

the planner.  

Our conclusion is that; the planning process of any development project of an 

engineering nature, such as dams, communication lines and live lines can be a 

complex process involving many disciples based on requirements dictated by 

natural elements, social rules and environmental factors. Space remote sensing can 

help as a tool to provide basic data of natural and environmental factors, which 

otherwise have to be obtained by costly and time consuming traditional methods. 

The great number of satellites and the numerous sensors onboard available today 

present good opportunities in planning, but decision making remains as an 

unchallenged human activity.    

 

5. Dams and Reservoirs Management Utilizing Satellite 

Remote Sensing Applications   
Space remote sensing has found its application in USA for many of the operational 

issues of dams and their reservoirs since the late 1980s. Initial work was done 

in1987 over a small number of targets using data from SEASAT [33]. SEASAT was 

the first Earth-orbiting satellite that was managed by NASA for remote sensing of 

the Earth's oceans and had on board the first spaceborne Synthetic-Aperture Radar 

(SAR). This satellite was launched on 27 June 1978 but it stopped working on 

the10th of October 1978. Observation was followed after this by the extraction of 

decimal time series from TOPEX mission [34]. TOPEX/Poseidon was a joint 

satellite mission between NASA, the U.S. space agency, and CNES the French 

space agency, to map ocean surface topography; Launched on August 10th,1992. 

Estimating water storage in large reservoirs and lakes is attributed to the advent of 

radar altimetry. The most commonly used spaceborne radar altimeters during the 

past period were; GEOSAT, Topex/Poseidon or T/P, ERS-1, ERS-2, GFO, 

ENVISAT, JASON 1 and JASON-2.These sensors are out of service now and are 

replaced by other more modern sensors such as LANDSAT, the MODIS, as well as 

SAR, and such as RADARSAT, JERS-1, and ERS. All these sensors have the 

refined capability of estimating water storage and storage variation in lakes and 

reservoirs, in addition to measurements of both surface water area and bathymetry.  

The primary advantage of LANDSAT is its high resolution of 30m per pixel, but it 

has low repeat frequency and is susceptible to cloud cover contamination. For 

sensors with daily coverage, like MODIS, the frequency of observations is 

obviously an advantage, but the resolution is relatively coarse 250 m to 500 m per 

pixel.  

As an example of studies on the use of such measurements for the derivation of the 

elevation- area variation time series one example is presented in the following text. 

It is taken from a comprehensive study which was carried out in 2012 on five of the 

largest reservoirs in the United States and 34 reservoirs in various parts of the world 
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by utilizing available MODIS outputs [35]. Water elevations and surface areas data 

during any overlapping period(s) from (2000 to 2010) for each of these reservoirs 

were used to derive their elevation-area relationships. These elevation-area 

relationships were then used to estimate reservoir storage volume time series. In 

Figure 4 the water surface elevation and surface area relationship for Fort Peck 

Reservoir is presented as one of the outputs of this study. 

 

 

Figure 4: Water surface elevation and surface area relationship for Fort Peck 

Reservoir [35]. 

 

A linear regression was used to approximate the relationship between surface 

elevation (h ) and surface area (A ) i.e.,   

 

A = f (h ) 

 

For the period 1992- 2000, when MODIS data were unavailable, this relationship 

was applied to estimate the reservoir surface area from the water elevation historical 

data. Similarly, during periods when altimetry data were unavailable during the 

MODIS era, the water elevation was estimated as an inverse function of the surface 

area function (h = f ī1(A )).  
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The storage equation: 

Vo = Vc - (Ac + Ao)(hc-ho)/2 , 

 

was used to estimate reservoir storage,  

where Vc , Ac , and h c represent; storage, area, and water elevation at capacity, and 

Vo , Ao , and ho are the observed storage, area, and water elevation, respectively. 

The values at capacity (Vc) were taken mostly from the Global Reservoir and Dam 

(GRanD) database [36]. GRanD is based on multiple sources, including a variety of 

regional and national inventories and gazetteers, International Commission on 

Large Dam's World Register of Dams as well as a variety of publications, 

monographs, and maps. 

By substituting the elevation-area relationship into above equation, the storage 

equation can be simplified into a single variable function, either as a function of 

water elevation from altimetry or as a function of surface area from MODIS. The 

value of MODIS data was provided in filling the gaps in the existing records to 

derive the complete elevation- area variation time series for all of these reservoirs 

for the period (1992 to 2010) which then could be used to estimate reservoirs storage 

volume time series for the same period. In Figure 5 the time series of reservoir 

storage volume estimated from remote sensing for Fort Peck Reservoir is presented 

as an example. 

 

Figure 5: Time series of reservoir storage estimated from remote sensing for 

Fort Peck Reservoir [35]. 
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The complete sets of the time series for water surface elevations, surface area, and 

storage volumes which are obtained from remote sensing for the five U.S reservoirs 

are given in Figure 6. This figure shows comparison of gauge observations for the 

reservoirs in black, altimetry-based estimates in red, and MODIS based estimates 

are in green. 

In the same way, the elevation surface area relationships for each of the 34 other 

world reservoirs were developed, and then they were used to estimate time series of 

reservoir storage volumes. The reservoir storage volume results are shown in Figure 

7 and the elevation area relationships are summarized in Table 2. The total capacity 

of the 34 reservoirs is 1164 km3, which represents about 15% of global reservoir 

capacity. For 16 of these reservoirs, the estimated storage volume is available for 

19 years (1992ï2010) and the average record length for all reservoirs is 14.5 years. 

The correlation coefficient between the water elevation and surface area varies from 

0.08 to 0.98, with an average value of 0.5. A high correlation usually indicates good 

quality for both data sets, while a low correlation can result from many conditions. 

These include errors from either the water elevation or surface area or both, and/or 

the possibility that within the range of variation the bathymetry is independent of 

area (i.e., vertical walls). For consistency within the time series for each reservoir, 

the MODIS estimated surface areas were used to maximize the record length, when 

altimetry water elevation was unavailable, but this is done only if the correlation 

coefficient between altimetry water elevation and MODIS surface area exceeded 

0.5. 

 

Figure 6: Comparison of gauge observations for five U.S. reservoirs; gauge 

observations in black, altimetry-based estimates in red, and MODIS based 

estimates are in (green) [35]. 
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Three of the reservoirs given in this table are located in Iraq; Mosul Dam reservoir, 

Qadisiya Dam (Haditha) reservoir, and the Thartar Reservoir. Of these three 

reservoirs the Tharthar reservoir and the Qadisiya Dam, are selected for further 

comments, in addition to commenting on Lake Nasser on the Nile River (Egypt), 

and the Toktogul Dam reservoir (Kyrgyzstan), in addition to Guri Dam reservoir 

(Venezuela). 

Lake Tharthar, the largest artificial lake in Iraq, is the first example. Its primary 

purposes are irrigation and flood control. During the study period, there were two 

severe droughts in the Fertile Crescent, one from 1998 to 2001 and the other from 

2008 to 2010. Both wheat and barley production dropped precipitously during these 

drought events. The remotely sensed reservoir storage for Lake Tharthar indicates 

that the lowest storage during these events was about 35% of the peak value in 1993. 

Lake Qadisiyah (Haditha), a much smaller reservoir built for irrigation, flood 

control and power generation close to Lake Tharthar, was hit relatively harder by 

the droughts; reservoir storage was completely depleted by the end of 2009 for a 

short period. Knowledge of water availability in water sparse regions like this is 

crucial for man-aging irrigation water use and for planning aid. 
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Figure 7: Global reservoir storage time series from remote sensing [35]. 
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Table 2: Water Elevation-Area Relationships, Correlations, and Mean Absolute 

Errors [ 35]. 

 
 

 

 



364                                        Adamo et al.  

 

 

In central Asia, the time history of storage in Toktogul Reservoir was examined. It 

supplies water to Kyrgyzstan's single largest hydropower plant, and it also provides 

irrigation water downstream. During the 2007ï2008 drought, the reservoir storage 

was completely depleted. Storage information for the Toktogul Reservoir is also 

crucial for water management in the Naryn/Syr Darya basin, which is a major 

international river system in Central Asia.  

With a storage capacity of 157 km3, Lake Nasser in Africa is the third largest man-

made reservoir in the world by volume. Its main use is for irrigation, with 

hydropower and flood control as secondary operation purposes. During the 1990s 

the water elevation and storage increased due to high precipitation in the Ethiopian 

Highlands. For the safety of the dam, water was spilled from Lake Nasser westward 

into the Sahara Desert, forming the Toshka Lakes (beginning in 1998). From 2003 

to 2007, these discharges to the Toshka Lakes were stopped, and the new lake 

contracted. From knowledge of storage history for Lake Nasser it shows that the 

rebound of storage in 2008ï2009 should have allowed more spillover to the Sahara, 

suggesting possible increases in irrigation diversions or releases to the Nile Delta. 

Guri Dam in South America is the world's third largest hydropower plant. It supplies 

73% of Venezuela's electricity. Two major drought events (2001 to 2004 and 2009 

to 2010) were the worst in the past 40 years in Venezuela, and the reservoir dropped 

to a low storage of 28% of its maximum in 2003. During the 2010 event, power 

rationing was implemented to close the electricity gap. The obtained reservoir time 

series shows that reservoir storage experienced a quick recovery from the last 

drought by the end of 2010. 

The interest for securing reliable water resources in many semiarid regions of the 

world has increased sharply during last decades to meet the increasing population 

demand for food. This has led to expanding irrigated agriculture from small water 

sources and required the use of small reservoirs for the hitherto neglected such re-

sources. The increasing number of small size dams and their wide distribution over 

large swaths of rural countryside has made their monitoring much more difficult. 

To overcome the lack of baseline data, some studies have classified the extent of 

small reservoirs surface areas of such reservoirs from Landsat ETM which utilize 

the Enhanced Thermal Mapper sensor (ETM) born by Landsat 7 (1999) [37].  

One study published in 2009 explained the use of (ENVISAT-ASAR) to monitor 

three small dams close to the village of Tana Natinga in upper east region of Ghana, 

West Africa, where water supply from these three small dams was critical for the 

population of three villages to satisfy irrigation demand, livestock watering and 

household use [38].  The area was semiarid with an annual average precipitation 

of not more than 986mm and the three reservoirs had shallow depths. The study 

used 22 (ENVISAT-ASAR) images acquired bimonthly from June to August 2006 

to ensure observing seasonal variation, the changing vegetation context, and the 

large variability of backscatter from water surfaces i.e., through wind-induced water 

surface roughness. The ENVISAT or ñEnvironmental Satelliteò is a large inactive 

Earth-observing satellite which is still in orbit, ɞperated by the European Space 

Agency (ESA)[39, 40], and ASAR is the advanced Synthetic Aperture Radar sensor 


